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System architecture overview

About this document

Start reading this Reference Guide for detailed description of HyperLab processes. For a short
overview, refer Quick Start Guides, or read the Installation Guide if you are to install the system
onto your computer.

1. System architecture overview

Databases are a well-developed technique in the business world, and HyperLabs Software
strongly believes that it is the time to bring its power to the field of gamma spectroscopy.
Therefore HyperLab Main Module stores all spectroscopic information in relational databases.
The next figure illustrates basic system components.

Main module is the application where you will operate {\
various evaluation utilities (peak area evaluator, detector

efficiency evaluator etc.) and also the primary interface to \8

information stored in one or more databases. Spectrum files

This Installation Guide describes two possible setup types: / Database
one is necessary to setup HyperLab Main Module
application, the other is to install Spectrum File Batch w
Evaluator utility onto your computer. Batch Evaluator Utility

does not require any database component to be installed, but

therefore lacks features compared to the Main Module. Main Module

' R fil
1.1. Benefits of database usage eport files

Databases provide significant benefits compared to the conventional gamma spectroscopy,
where a multitude of files are in use even if your system is of medium size.

Structured information storage

All of your data, including spectra, calibrations, peak evaluations, efficiency evaluation, etc. are
stored in central locations grouped into user projects. Thus a highly integrated and structured
set of information can be utilized. If you regularly backup one single database file, no
measurement or evaluation data may be lost anymore.

No duplicated data

If you are using independent spectrum files, it is tempting to save all relevant spectroscopic
information — e.g. detector efficiency data - into each spectrum file, to ensure that this
information is not lost. If spectroscopic data is stored in databases, only a reference is required,
which points from multiple spectra to a single detector efficiency curve.

Better integrity

Databases utilize strict integrity rules in order to prevent accidental data deletion. If a user
wants to delete a measurement, it is possible only if no peak evaluation points to that data
entry.

HyperLab Reference Guide 5
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Easier post processing

Databases provide the users with excellent resources and standard tool for post-processing:
extraction of evaluation data is straightforward into e.g. spreadsheet applications.

1.2. Database topologies for Main Module

As HyperLab Main Module accesses data stored in HyperLab databases, and these databases
may reside either on the local machine or on a remote computer, virtually unlimited number of
database topologies may exist. The most common cases are detailed below.

1.2.1. Local database

The most common case is “Local database” topology, because only one computer is required in

this arrangement.

Main Module

Databases
aon )

Local computer

All HyperLab components must be installed on this sole machine, which will contain a local
database management server software, as well as one or more local databases.

Spectrum files have to be imported into the database, then the measurement entries are
evaluated by the Peak Evaluator. The resulting peak entries are also stored back in the database.
In this local database scenario, database access is performed at maximum speed, because
network communication overhead is omitted.

Installation instructions

e Install all HyperLab components on the computer, including the Main Module and the
Microsoft SQL database server.

e Create alocal database from the Main Module: click on “Local Database Server” node,
then select task “Create database” from the right and follow the instructions.

e Register the newly created local database in Main Module: click on “HyperLab
databases” node, then select task “Register a local database” from the right and follow
the instructions.

e Start using your newly registered local database.

6 HyperLab Reference Guide



System architecture overview

1.2.2. Local and remote databases

It is always possible to use additional remote HyperLab databases on other computers in your
local network — provided the remote database server allows incoming connections and you
have the proper password assigned to those databases.

Main Module
Databases
Databases
Local computer Remote computer

Advantages of remote databases

e Remote databases may be shared between working group members
e Database files and the SQL database server itself may be hosted on a powerful server
computer, where regular backup is performed, so the chance for data loss is minimized.

Drawbacks of remote databases

e HyperLab disallows specific operations (e.g. database creation) on remote databases. In
order to create a HyperLab database, you should run database creation utility on the
destination machine.

e The networked database connection may be slower than accessing local databases.

Installation on the remote computer

e Install all HyperLab components, including the Main Module and the SQL database
server.

o Create a new database from the Main Module: click on “Local Database Server” node,
then select task “Create database” from the right and follow the instructions.

e Make sure if the database server accepts incoming connections: click on “HyperLab
databases” node, then select task “Manage database server” from the right. The
management window appears now. Make sure that “TCP/IP” protocol is enabled. See
“Configuring remote access” for further details.

Installation on the local computer

e Install all HyperLab components, including the Main Module and the SQL database
server.

o Create a local database from the Main Module: click on “Local Database Server” node,
then select task “Create database” from the right.

HyperLab Reference Guide 7
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e Register the new local database in Main Module: click on “HyperLab databases” node,
then select task “Register a local database” from the right.

e Register the remote database on the remote computer: click on “HyperLab databases”
node, then select task “Register a remote database” from the right and follow the
instructions. Specify the remote computer name as the database server host name.

e Start using your newly registered local and remote databases. Please note that the user
name and password is tied to the database server — thus it is possible that you should
specify different passwords for the local and the remote databases.

1.2.3. Remote database

This “remote database only” scenario is for advanced users.

o) =, =

Main Module Databases

ool noo M

Local computer Remote computer

It requires at least two computers on the local network: one contains the database server, while
other processing workstation(s) only contains HyperLab Main Module, which accesses the
remote databases through local computer network. This setup is ideal for working groups,
where the database is installed on a central server, and a regular backup preserves the common
database. The setup steps required for the two computer case are detailed below.

Installation on the remote computer

e Install all HyperLab components, including the Main Module and the SQL database
server.

o Create a new database from the Main Module: click on “Local Database Server” node,
then select task “Create database” from the right and follow the instructions.

e Make sure if the database server accepts incoming connections: click on “HyperLab
databases” node, then select task “Manage database server” from the right. The
management window appears now. Make sure that “TCP/IP” protocol is enabled. See
“Configuring remote access” for further details.

Installation on the local computer

e Install HyperLab components without the SQL database server.

e Register the remote database(s) previously created on remote computer(s): click on
“HyperLab databases” node, then select task “Register a remote database” from the
right and follow the instructions. Specify the remote computer name as the database
server host name.
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e Start using your newly registered remote databases. Please note that the user name and
password is tied to the database server — thus it is possible that you should specify
different passwords for different remote databases.

2. HyperLab Main Module

Core of the HyperLab Gamma Spectroscopy System's visually rich evaluation environment is
the Main Module. This provides simultaneous connections to multiple HyperLab databases,
and makes it possible to interact with HyperLab objects which are stored in these databases.
You can start the Main Module by clicking on your HyperLab 2013.1 icon on the Desktop, or in
your Start menu.

2.1. Main Module window

The most important parts of the Main Module's working window are the following;:

Database browser tree [1] prOVIdeS -_E"fj‘ Hyperlab Main Module - user HLUserd, instance #1 on WORKSTATION... EI@
. . . . . . Eile  Options  Help
hierarchic listing of objects stored in 5 Selected tem; Measuement entry
HyperLab databases. The items displayed AT
. . la - HyperLab databases Mame: Geoldgiai mintak [13_53 31...
in this tree are called nodes. 4 Database HyperLabl on \MSSGLHYPERLAR Started st 2006 May 15, 13:05:00
. . . 4 -] User projects Finighed at: 2008 hay 15, 14:05:00
Detail lister [2] shows common details for 4 Hopen g s Koo of ok svataione 0
. . . . H A easurements
the item which is currently selected in the B T
Analpses .
browser tree. » s Lots and samples T:aISks ‘ Subgitoms
. 27| Inadiations % Create new peak evaluation
TaSkS al’ld Sub'ltems Panels [3] alSO » | ) Other project-related items Measurement properties
. . LS HyperLab zample spectra 2 * New Measurement

I'efl'esh thelr COI’ltel’lt aCCOI'dlng tO the data _é Meazuring environment ¥ Delete Measurement entry

. @ Muclear and component data 2 Create report
entry you have selected in the database [ Generic date ) Remove.ll peak evalustons

. ) Database Server <& | Export into spectrum file
browser tree. Tasks provides you - -
operations which may be performed on the

selected database entry; whereas Sub-items shows special sub-components about it.

Content of the Tasks window also appears in a context menu, when the user right-clicks on a
database node. Common keyboard shortcuts may help your work: the database tree may be
walked through by using the cursor arrow keys, while the currently selected task may be started
by hitting the Enter key. Tab key switches between the browser tree and the Tasks window.

2.2. Record editor pages

Record editors make it possible to enter details of a new database record, or modify the value of
an existing entry. These data editing pages may be accessible if you select a data node in the
database browser tree, and click on its property editing task.

Main features

Record editors support the following common operations:
e Field editing controls are grouped into pages under tabs.
Non-editable fields are displayed as static (grayed) text.
Field data may be entered into text boxes or are selectable from combo boxes.
Mandatory fields are marked with colored background under their label.
Changes may be abandoned or acknowledged with the OK, Cancel and Apply buttons.
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Usage of record editors

At the top of the editor page, several tabs may be used to display a specific editor sheet which
contains several data controls. These controls make it possible to display or edit the values of
the data fields. A sample record editor page is shown for a specific Measurement entry. This
property page helps to illustrate all important controls used on editor pages.

Measurernent properties EI@
Selected measurement - pa 1 | Selected measurement - pg 2 I Spectra I IMoaore measurement entries
MEASUREMENT ID 11
MEAS, METHOD | Decay-gamma measurement IEI
MEAS. SETUP | D4 Setup 70keY - 3,3Mey, d=25cm (=] i
PROJECT | Test IEI #
MAME Geoldgiai mintak [13_53_31,CNF]
MEASURED B | Database administrator IE‘ 7
MEAS. OB, TYPE |Radioactive source [=]
SOURCE | Test source [=] L
STARTDATE 2006 May 15 E~ 130500 + 800 mssc L2
EMDDATE 2006 May 15 [Ew 14:05:00 = 800 msec W2
EXPCRT FILE NAME 13_53_31
& Help H W oK | ‘ €9 cancel ‘ | 2 apply

Several buttons are located at the bottom of the window. OK and the Apply button acknowledge

changes, and store back the changed values to the database. The OK button also closes the
window after a successful save. Cancel abandons the changes and closes the editor window.
The mandatory data fields are designated by different background colors under their labels.
The roles of quick buttons beside the data fields are detailed below.

Quick buttons

On the right side of the edit boxes, various quick function buttons are placed.

The record editor buttons to edit the properties of the currently selected dependent item.
These are used extensively throughout the application, also on our Measurement record
editor example. One such button is beside the field MEASURED BY. If you click this
button, a new record editor form appears, containing details for the currently selected

user: Database administrator.

# ° The new record creator buttons are also used on most editor forms, and create a new
dependent record. If you click this button beside the field MEASURED BY, a new record

editor form appears, with a newly created Employee record.
Q The reference remover button removes a reference to a dependent item. It is displayed only
for optional fields. For example, if you click on this button beside the field SOURCE, it

clears the measurement's reference to any source, thus changing this field to empty value.

The previously linked source record itself will not be modified.

current time.

10 HyperLab Reference Guide
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HyperLab Main Module

Tab for additional records

The last tab of property editor pages lists additional records.

You can initiate the editing of any record, if | [l Measurement praperties =8 Kol =5
you SeleCt It on the record hSt and press the | Selected measurement - pg L I Selected measurement - pg 2 I Spectra | Mare measurement entries |_
’ |MEasUREMENT 1D [MaME |MEAsMETHOD_ID [PROJECT_ID|ME/ ~
Select button. 7 D4 kal, 2002, okt 1 [C5961474,DAT] 1 1
D4 kal, 2002, okt. 1 [EUS0Z974 DAT]
9|04 kal, 2002, okt, 1 [MNO10414,04T] 1 1

10 D4 kal. 2002, okt, 1 [RA370768.DAT]
» G i mintak [1 CNF]

[ oo : I ks I SR
l & Help H @ oK l l €3 cancel l Al Apply

2.3. Special property editors

This section describe the property pages which may require some special usage instructions
compared to the generic property pages.

2.3.1. Source properties editor window

The source properties editor page may be used to enter details for a newly created source
record. Entries of radioactive sources keep together source and isotope information to use it
effectively throughout HyperLab. Our example will discuss entering details for a new source
entry, which belongs to a sample measurement, as detailed in section “Importing sample
spectra”.

After you initiated the creation of a new s =8 ==
. . i Selected saurce - po 1| 1somers I More saurce entries

source entry, the source editor window

SOURCEID 5
appears. NAME Co-60 OMH 85-185

OWNER

STORED BY Database adminiskrator

Specity a descriptive name for the source in stores o (SO

COMMERT

the Name field, then click Isomers tab to
define the contained isotopes.

i @ Help H @ oK I [ € Cancel ] ol Apply

In HyperLab terminology, the source Source properties =0 R =
| Selected source - pg 1 ‘ Isamers ‘ Mare source antriesl
Isomers assigned ta this radioactive source
Isomer |Calibrated?|  Activity [kBg] Activity unc, [kBq] CalibrDate Calibrator

requires only the identification of isomers —
and not the decays starting from that isomer
level —, because it is always guaranteed that
a source provides gamma radiations from Propertesof selecced omer
all possible decays which are originated
from an isomer state.

To add a new isomer entry to this source, 0w | oo || O [ s
click Add isomer button.

The isomer selector window appears now.

4

[ o Add isomer. ., ] [ == Remove isumer]
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[ select one of more isomers [=@]Es] For our sample source, select 60Co isomer with 5.27 year
Avallble fomers half-life. To speed up the selection process, quickly type in

> a: 53Co_m (3.04 b -

4+ F[@_ 8o (5271 ] the first few letters of the isomer, and the list will scroll to
i a4 B0OCOB-DECAY [1925.3 D) [100%]

-y 13324920 ke, Int: 99.98260 the specified position.

"y 1173.2280 ke, Int: 99.85000
'y 8261000 keV, Int: 0.00760
'y 347.1400 ke¥, Int: 0.00750

é ke it D20 You can also browse the decays and the associated gamma
[ @ 8000 (1047 m) -| | radiations for the isomers.

. & RANII? 52 ki

Details of selected item

10270600 .
pyrer o When you are ready, click OK.
Halflite: 5271y
Halflife: unc. 0.007 y
[ @ 0K ” €3 Cancel ]
Source properties == == The source editor's Isomer page appears

| Selected source - pg 1 | Isomers | More source entries |

again, and the list of assigned isomers

Isomers assigned to this radioactive source
Isomer [Calibrated?|  Activity [kBq] Ackivity unc, [%] CalibrDate Calibrator Contalns the Selected ltem. NOW place a
es 434.60000 0.7 |1985-0ct-01 12:00:00
check “Activity is calibrated”, and type in
[ o Add isomer, . ] [ == Remave isomer . . .
. the certified calibration values.
Properties of selected isomer
Activity is calibrated
Ackivity 4346 kBg +- 0.7 (1 sigma uncerkainty) " _ _ 7
Calibrated at  1985-Oct-01 B~ 1z:omo0 < For the CO 60 OMH 85-185" source Of the
Cobretor OMH sample spectra set, specify 434.60 kBq
. . o o . .
e L ox [ O || =un activity and 0.7 % activity uncertainty, then

1 Oct 1985 12:00 as the calibration date.

Notes:
e Activity uncertainty has a unit changer button: this way you can specify it either in kBq
(absolute uncertainty value), or in % (relative uncertainty value).
e Make sure that the entered uncertainty value corresponds to 1o confidence limit, as the
calibrator authority sometimes specifies it with 20. In this case you should enter half of
the standard deviation value.

3. FWHM calibration

Before HyperLab performs peak evaluation of spectrum counts, at least a rough FWHM (Full
Width at Half Maximum) calibration is necessary. Although HyperLab fits the width of peak, it
requires a real estimation of the peak width, and it will allow to vary the fitted width from this
initial value by a preset ratio.

FWHM calibration entries are created by the spectrum importer, when a proper calibration is
loaded from the imported spectrum file. New calibration entries may be created by the user in
the peak evaluator module.

3.1. FWHM calibration concept in HyperLab

In pre-2009 versions of HyperLab, the FWHM (Full Width at Half Maximum) was described
with the following formula:

FWHM =N A+B-Ch

12 HyperLab Reference Guide
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and the resulting FWHM value was in channels. This expression depicts a linear dependence
between the peaks' channel position (or energy) and their squared width.

This is proper for usual energy ranges (up to about 2MeV) and usual number of channels, but if
you are utilizing broader energy ranges and/or many more channels, then significant
differences start to emerge between the measured and predicted peak widths. Thus a more
powerful FWHM function was introduced:

FWHM =~ polynomial (Ch)

The meaning of this finer FWHM function remained the same: describes the FWHM in channels
for any given channel value.

To create an FWHM calibration, users first specify several calibration points (channel values
with belonging peak widths), and direct HyperLab to perform a least-squares fit to these data
points, and determine the offset and slope parameters of the linear function, or the further
polynomial parameters in case of the polynomial FWHM function. The linear function requires
at least 2 calibration points, while the polynomial version requires n+1 points (n is the degree of
the requested polynomial).

The FWHM calibration points as well as the fitted parameters are stored in HyperLab databases
for each measurement entry. More than one FWHM calibrations may exist in the database for
the same measurement, but only the last non-tentative one is treated as the current, valid
FWHM calibration, and this will be automatically loaded by the peak evaluator.

The FWHM calibration editor is used to modify the values of the data points, to add or remove
points, or to replace the current calibration with another from the database.

HyperLab Reference Guide 13
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4. FWHM calibration editor

This window may be used to edit the calibration points of the FWHM calibration. For details
about HyperLab's FWHM calibration concepts, see section “FWHM calibration”.
FWHM calibration window may initiated basically from two places:
e from the Spectrum peak evaluator. In this case, the primary purpose of the dialog is the
editing of the calibration and especially adding new calibration points;
e from other places, e.g. from the spectrum importer, when the primary purpose of the
window is to display a previous calibration in read-only mode.
This window contains multiple tabs with various data displaying or editing controls.

4.1. Basic FWHM editing operations

The first tab shows the input data for the calibration, as well as basic information about it.

T FWHM calibration editor - Resolution is 184 +-0.07 keV at 133250 keV (x50, = | = == | These Comprise the current status (mOdlfled
Calibration points and function | Chart | Replace | Advanced o (e . . .
ot or unmodified), and the calibration point
Unmodified calibration: PadHM cal from ELE02974.DAT llst as Well. The p01nt list Contalns tWO or
Fuhm_Ch = sqpt] 63488 + 00040512 = Ch | . . . . )
Fiting function more editable calibration points, to which a
& Tropsranete et Ftm-eh - SRATIA £ fit is performed, thus determining a FWHM
Multi-parameter polynomial: Fuhim_ch = SQRT( Polynomizl(Ch) | . p . 4 ) . g
T calibration curve, which basically has a
Pontsorthe F/HM calbraon square-root shape, and serves FWHM in
Ft. Mo Fos [ch] Pos unc [ch] Fwhm [ch) | Fushm unc. [ch) Description - .
}l'l | 5EIEI| U.5| 2.38‘ U.'Il * 1 Channel unlts'
o e = | If the fitting function is linear, then a line
- | will be fit to square of the input FWHM
4 3
e ke values. If only two input points are used,
AN hew.. Delete . .
the line must go through both points. If
[ @we |[ Qo | @cma | | more than two input points are specified, a

least—square fit is performed, in order to
determine the optimum calibration line between scattering points.

If the fitting function is a polynomial, then a polynomial curve is fitted to the data points. This
requires n+1 input data points, where 7 is the degree of the polynomial, and is advised only if
you have experienced significant deviation from a simple square-root FWHM curve.

Adding new points by visual selection

T HyperLab makes it possible to quickly add a
new calibration point via a convenient
method. If you click Add new button under
w40 the list of calibration points, HyperLab
o o displays the spectrum evaluation window,
At Ei‘:”nnzgnm%gin"ﬁ & D%%ﬁan% : EF&ED%EED where you can click above a spectrum peak
S ooo m to get its FWHM value.
You can use this feature both for unfitted
33890 3400 3410 3420 3430 3440 5450 3460 34¥0 3480 34490 .
counts (raw channel content, as seen on this
figure) and above fitted peaks. After clicking, the position and width of the peak will be used
for a new FWHM calibration point. This way the addition of a new calibration point may be

accomplished rather quickly.
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Deleting points

To delete a specific FWHM calibration point, select it by clicking on it with the mouse, or make
it active by pressing the up or down cursor arrow keys, and click Delete button.

FWHM chart for visual overview

A very useful, quick, graphical overview of
the current calibration may be found on the
Chart tab.

The FWHM calibration curve is displayed as
a red line. The solid red line shows the
FWHM function between the first and last
calibration points, while the dashed one
shows extrapolated regions. The green lines
above and below the red curve shows the
+1o uncertainties.

The calibration points which are actually
used for the fitting of the FWHM curve are
displayed as filled green squares.

The available peaks are displayed as gray

0 FirHM calibration editor - Resolution is 1.84 +-0.07 keV/ at 1332.50 keV (RX3Q... [ o || 2 |3

Calibration points and funl:hnnl Chart ‘ Replace I Advaﬂcedl

B | P| I “ *umt ch v|'Jf’unit: ch v|

45 e
= 4
5 H
o 35%--- -
= H
R
= H

25 -
= !
w 2 -

15 :

s00 1000 1500 2000 2500 3000 3500
Position [ch]
Add spectrum peaks to the calibration
# | Peak pos [ch] | Peak pos [keV] Areaunc [%]| Fwhm[ch] | =
3 297.91 122.24 - {3 100.0 2.24 =
1 57 34 M55 4324 1000 20 - | o |
4 3
List fitted spectrum peaks with less than [ % of area uncertainty
List significant suspected peaks with 12 sigma significancy
l & Hebp ‘ l & OK ” @ Cancel ‘

cross (+), if not fitted yet in the spectrum, or with gray triangle (A), if the peak is already fitted.
The chart also shows a blue star symbol for orienting the user: this is theoretically the 'best’
achievable resolution: 1.7 keV at 1332 keV energy. Peak labels are provided by the [P] button.

4.2. Example: correcting an improper FWHM calibration

This section details the correction of a FWHM calibration, which was slightly off from the real

value.

When a measurement is loaded into the
peak evaluator, it is always advantageous to
perform a quick check on the FWHM
calibration before the spectrum
deconvolution.

In order to get a visual overview of the
current calibration, select Calibrations /
FWHM calibration menu.

The FWHM Calibration Editor window
appears now.

Click on the Chart tab.

LE;'(_P'} Spectrurm peak evaluator - D4 kal, 2002, okt. 1 [ELIB02974,DAT]

E=8 Nl )
File Edit ‘“fiew Calibrations Fit Options  MNuclide Ident.  Help

| o v fu v|':;l &, I,‘,“i I.i|><sca|e: ch v|Yscale: E V‘ B4~ j A
Spectrm | Peak details I Meszages | Muclide Idl

30,000
20,000

=
10,000 o ®

80 90 100 110 120 130 140 150 g0 170

112 ch - 46.1 ke /£ 1086 cnt
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8 FWHM calibration editor - Resolution is 1.84 +-0.07 keW at 1332.50 ke (RSQ... [ = | & |25

| Calibration points and function ‘ Chart | Fieplace I Advancedl
@ | Pl i || *un\t: ch v|‘kunil: ch '|

45

4

Fwhm walue [ch]

y +
2000 2500

Posttion [ch]

+ +
1000 1500

Add spectrum peaks to the calibration
# | Peak pos [ch] | Peak pos [keV]

Area[ont]

55794 24525
4 »
List fitted spectium peaks with less than 0.5 % of area uncertainty

List significant suspected peaks with 12 sigma significancy

[ © Hep H W 0K H € Cancel ]

By the help of the chart, one can imme-

diately characterize the situation:

* numerous non-fitted (suspected) peak is
available in the spectrum (gray + signs)

* the non-fitted peaks spreads nicely along
a square-root-shaped curve, so the
construction of the FWHM curve is
expected to be an easy task

* no significant fitted peak is available at
this moment (no gray A signs visible)

* the current calibration curve (continuous
red line) is determined from two data
points (green squares)

Also immediately can be seen that the current calibration curve is sub-optimal:
the fitted FWHM curve differs significantly from the FWHM of the peaks (the red curve is
above the gray crosses, especially in the low energy region): a slight mis-calibration is

suspected,

the energy range of all the peaks are not well covered by the FWHM curve; in other words, in

wide regions only extrapolation is provided,
only two calibration points have been utilized.

The solution for this problem should be the refinement of the current calibration points, and/or
adding several ones in order to get a more relevant FWHM model.

Adding new points from list of available peaks

On the bottom of the Chart tab you can find the list of available peaks, which can be added to
the FWHM calibration. This list contains the significant non-fitted and fitted peaks.

4 FWHM calibration editor - Resolution is 184 +-0.07 ke at 1332,50 ke (RSQ.. [ = || = |25

| Calibration points and function ‘ Chart | Replace I Advancedl

@| Pl 1 ||#<un\t: ch vH’unil: ch v|

Fwhm walue [ch]

T T T
2000 2500 3000

Paogition [ch]

1000 1500
Add spectrum peaks ta the calibration
it | Peak pos [ch] | Peak pos [keV] ‘ Aiea[ont]
97.97 4026 -43887

|Araa unc [Z]l Fishim [ch] | -
100.0

1 298 —
Zozee 00—
3 29791 12224 233366 100.0 2.24| =
4 3
List fitted spectrum peaks with less than 0.5 * of area uncertainty
List significant suspected peaks with 30 sigma significancy
€ Help I W 0K H € Cancel ]
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The list is filtered, so only the most
relevant peaks (with the lowest area
uncertainty) will be listed here. For non-
fitted peaks the values will be estimated,
and estimated peak areas displayed as
negative values

First we increased the filter significance:
entered 30 as sigma, in order to dismiss the
uncertain, small peaks on the graph.
Then we click over a proper candidate
peak, and finally on the Add button. The
selected peak will be added to the FWHM
points, and the fit will be immediately
performed.



FWHM calibration editor

After adding 4 FWHM points, the fitted
curve does not really follow the new points,
but keeps following the old ones.

a5 de | S, — | —

-------------------------------------------------------------

Fuwhim walue [ch]

In order to find out the reason for this, L . . . . .

switch on the error bars by clicking on the | IS R S S S S
error bar button at the top. S SR R S Lo ] T
This immediately shows the root of the ! 15'°°pmmmf5'ﬁ]° EEE

problem: the old calibration points — which
are originating from the spectrum file — have too low FWHM uncertainties, thus their fitting
weights are unreasonably high.

As those points seems to be rather inaccurate in all respects, we will delete them.

To delete a point from a chart, simply click

on its green square. After the click, the first
tab will be active, and the clicked point's
corresponding row will be selected. Now
click the Delete button, thus remove the
point from the fit. | . . . . . .
After deleting the two original calibration = 15'00Pnsitinn?co;?]o =0 R
points, the fitted FWHM curve reasonably

well describes the measured points, so you can acknowledge it by clicking on the OK button,
and perform the whole-spectrum deconvolution.

Fuhm value [ch)

Please note that HyperLab's spectrum fitter requires only a rough, approximate FWHM
calibration, as it allows the peak width to vary by 30% from the FWHM calibration during the
nonlinear fit. Nevertheless, a quick overview of the FWHM calibration is always advisable
before fitting.

4.3. Advanced FWHM editing

Entering new points manually

If you do not want to use HyperLab's visual calibration point adding facility, just want to enter
predefined calibration points, press the | (cursor down) key repeatedly, while you leave the
last point's row, and a new, empty row automatically created. Type in the proper values, then
press 1 (cursor up) key to leave the edited calibration point row. If you want to enter a comple-
tely new calibration, first remove all calibration points, then the add them one by one.

Modifying channel positions

To modify the channel position of a specific calibration point, you have two options: manual
editing or borrowing.

To edit the value by hand, just click on the Paints far the FwHM calibration

channel number value, and type the new [Pt No| Posich) | Pasuncich) | Fwhmich) |F
number. To borrow, you should use the l‘ 1 05 194
borrow button of the FWHM field. 2 ARAN 7R ne 444
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Modifying FWHM value of an existing calibration point

FWHM values may also be modified by either manual editing, or by getting the exact fitted
FWHM values from the active HyperLab spectrum. This may be required if you modified the fit
of a peak, which is used for FWHM calibration. Manual editing may be initiated by simply
clicking on an FWHM value and typing its new value in channels.

Faints far the PywHM calibration If you want to borrow a fitted peak width
|F"t. N.:._| Fos [ch] | Pos unc [ch) | Fushm [ch) | r value from the current spectrum, click on the
n 1 111.25 0.5 [+ FWHM value, then on the ellipsis [...] button
2 3560.76 0.5 444 appearing beside the number.
2 TARA AT ner aan
30000 The spectrum fitting window appears now.

20,000
10,000

Click with the position getting tool on a peak.

The FWHM calibration editor will appear

again, and the clicked peak's exact fitted peak

width will be used as the FWHM value of the
585 580 595 600 605 610 815 calibration pOiI‘It.

Should you want to cancel the borrowing process, press Esc key.

Please note that, after borrowing, the channel position of the FWHM point is also updated to

the position of the fitted peak. This behavior is intentionally different from what you experience

in the case of the energy calibration editor.

5. Energy calibration

After HyperLab's spectrum peak evaluator determined the position and the area of the peaks, it
creates a peak list, where the peak centroids are shown both in channel and in energy (keV)
unit. The energy values are calculated from the fitted channel values by utilizing the energy
calibration function, which performs this transformation.

HyperLab's energy calibration function is different from most competitors' solution: it uses a
simple linear channel — energy function with an optional additive nonlinearity function.

When nonlinearity is not used, energy values in keV are computed from the channel values
with the following formula:

E=A+B-Ch

When nonlinearity correction is in effect, that function will always provide the higher order
terms for the channel vs. energy function:

E= A+ B-(Ch+ NonlinShift )

This second formula contains the NonlinShift parameter, which is computed from the system's
nonlinearity curve, and is a polynomial of the channel value.
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5.1. Linear and nonlinear calibration

In most cases, a simple linear channel — energy function is not acceptable for post-processing, as
this would lead to two adverse effects:

e Inexact energy positions. This is due the inherent nonlinearity of the measurement
systems, and finally would cause improper nuclide identification in post-processing of
the peak lists. If nonlinearity correction is not applied — that is, solely the linear
calibration function is used — peak positions of the fitted peak positions may differ as
much as 1-3 channels from their expected value.

e Improper uncertainties. If only the linear calibration function is used, the reported
uncertainties on peak positions are smaller than the real values, thus would make the
isotope identification unreliable for activity calculation and calibration purposes.

This picture shows the case when only a 015
linear energy calibration is used for a typical o
measurement  system. This is a
measurement of a 152Eu source, in the 121
keV — 1408 keV range.

The green squares depict the difference (the azsf ; . . . .
residual) of the calibration points' position a o 15'00%8“0“?00;?;“5” Z0 awm
from the linear calibration (red line).

Despite multiple calibration points, a clear tendency shows that the system has a significant
nonlinear response, which reaches several tenths keV at in the vicinity of 1408 keV.

0.0s
0.00

-0.03
-010
-0135
-0.20

Difference from calibr curve [ke']

If these discrepancies are not acceptable, the purely linear energy calibration is not enough: a
correction is needed to eliminate the nonlinearity of the measurement system.

5.2. The energy calibration concept in HyperLab

A basic assumption of HyperLab is that every measurement system has an inherent and
characteristic nonlinearity, which is rarely and slowly varying in time. We also assume that this
is very different from the daily shift of the linear calibration values, and may be separated from
it. Thus the nonlinearity function should only be determined occasionally, e.g. with a multi-
isotope, multi-measurement calibration set, providing a high precision nonlinearity curve. This
nonlinearity curve can be used in the daily work for a longer period — e.g. for a half year or a
whole year —, and only the linear part of the calibration should be adjusted daily.

This way a convenient and high-precision energy calibration is achieved by minimum amount
of work.

This figure shows the effect of applying a vl
real nonlinearity curve in addition to the

same linear calibration as seen on the figure
in section “Linear and nonlinear
calibration”. :
Please note that the nonlinearity virtually el
disappeared throughout the whole energy oLy

t f f t t f f f
[u] 500 1000 1500 2000 2500 3000 3500 4000
Position [channel]

006 -
004 -
ooz -
000
0024
0.04 4-

Difference from calibr curve [kel]

range, and one magnitude smaller
unwanted shifts may be observed in peak positions (hundredths of keV).
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As you can see the abrupt change of the blue +10 error curve after the last calibration point,
HyperLab does not allow nonlinearity curves to be used for extrapolation. When a
nonlinearity value is requested for an energy, which is outside the energy range of the
nonlinearity calibration, the nonlinearity value of the first or last point will be used instead.

Further benefits

By utilizing a separated nonlinearity curve for the system, it also provides further benefits:

- the uncertainty calculation contains the incremental effect of the system nonlinearity, and

- it is possible to apply the precise nonlinearity even when the spectrum has a small number
of calibration peaks.

As the nonlinearity calibration takes only a few minutes to create, and provides peak positions

with much higher precision, our advice is to always use the nonlinearity part of energy

calibration.

In fact, this process is almost fully automatic: during loading a spectrum file, HyperLab is able

to assign the actual nonlinearity curve to the measurement's energy calibration. After this step,

all computations involving this energy calibration will automatically utilize the compensation.

5.3. Energy calibration editor

This window may be used to edit the calibration points of the linear energy calibration part,
and also to select an additive nonlinear energy calibration curve to the calibration. For details
about HyperLab's energy calibration concepts, see section “Energy calibration”.
The energy calibration window may be initiated basically from two places:
e from the Spectrum peak evaluator. In this case, the primary purpose of the dialog is the
editing of the calibration and especially adding new calibration points;
e from other places, e.g. from the spectrum importer, when the primary purpose of the
window is to display a previous calibration in read-only mode.
This window contains multiple tabs with various data displaying or editing controls.

5.3.1. Linear and nonlinear data tab

This tab contains all the data necessary for quick overview of the calibration's most important
numeric data. These comprise the current status (modified or unmodified), the calibration point
list as well as the optional additive nonlinearity applied.

{7 Energy calibration editor = ===l The point list contains two or more editable
Linear & nonlinear data | Calibration chart | Repl. Pita] d . . . . . . .
- SRS et | mesaes [ Adenee calibration points, to which a linear fit is
Coalbraton s movfie by set performed, thus determining a channel —

E_kev = -0.193003 + 0.409542 * Ch

Paints for the near energy calbration:

keV calibration line. If only two points are

| Pt. 1 ‘ Pos [ch) | Fos.unc.(ch] | Energy [kev] | Erounc. kel | Description - used; the llne W]ll necessarlly gO through
M1 297.89 0.00 121.78 0,000 152EU EC DEC&Y

2 59753 om 2447 0001 152FL) EC DECAY | the points. If more than two points are
3 72257 0.05 23594 0.002 152EL EC DECAY .o .. .

s 841 000 24428 0001 15211 B-DECY specified, a least-square fit is performed, in

5 1004.11 0.02 41112 0001 152EL B-DECAY - . . . .
p : order to determine the optimum calibration

Tn | [ Xaswe | line between scattering points.

Additve nonlneaty The nonlinearity curve provides a fine

Use additive nonlinearity curve . . .
tuning, to compensate system nonlinearity.

D4 Monlinearity analysis - 1/25/2011 10:24:54 PM . . . “
See further details in section “System
| @uwe | Qo || @cwes | | nonlinearity analysis”.
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Deleting points

To delete a specific calibration point, select it by clicking on it with the mouse, or make it active
by pressing the up or down cursor arrow keys, and click Delete button.

Entering new points manually

If you do not want to use HyperLab's visual calibration point adding facility, just want to enter
predefined calibration points, press the | (cursor down) key repeatedly, while you leave the
last point's row, and a new, empty row automatically created. Type in the proper values, then
press 1t (cursor up) key to leave the edited calibration point row. If you want to enter a
completely new calibration, first remove all calibration points, and add them one by one.

Modifying channel positions

To modify the channel position of a specific point, manual editing or borrowing may be used.

To edit the value by hand, ]‘ust click on the Fointz for the inear energy calibration:

channel number value, and type the new |Pt#t| Posichl | Posuncich) | Energykev) |
number. To borrow the exact peak position I i [ 0.00 121.78
value from a fitted spectrum peak, click the ? RA7 97 nm 244 7

ellipsis [...] button beside the channel value.

The spectrum fitting window appears now. Click 2o
with the position retrieval tool on a peak. The

energy calibration editor appears again, and the

clicked peak's fitted position will be used as the e
channel value of the calibration point. To cancel
the borrowing process’ press ESC‘ 286 283 290 292 294 296 295 300 302 304 306 303 30

=
05— O 0000

Modifying energy values

Similarly to channels, energy values may also be modified by either manual editing, or by
getting the exact values from HyperLab's nuclear data database. Manual editing may be
initiated by simply clicking on an energy value and typing its new energy position in keV.

If you want to use a value from the nuclear Puaintz for the linear energy calibration:

database, click on the energy value, then on | Pt #| Posfch) | Posuncich) | Energy(kev) | E
the ellipsis [...] button beside the energy 1 1 297.89 2175 TS
value. 2 R97 97 nm J44 7
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[ select calibration line [= | '@Esl | The calibration line selector window appears
Rciaion raris: now. It contains decays and radiations
By origin | By energy
Available decays and reactions: Awailable radiations: from the .dat?base' .
‘--g o - Sotby © Intensity te| | When this window firs appears, you can
- u
@, 152EU EC DECAY (13537 V] ErerylkeV]  Intensity  * type in the first letters of the element, when
-, 152EU B- DECAY [13.537 ) . . .
. 152U ECDECHY (33116 H) e s the decay lister will select the appropriate
-, 152EU B- DECAY [3.3116 H) X : .
@, 15260 1T DECAY (36 M) 34073 146433616 element. After the element is selected, open
@, 154ELl EC DECAY 1112.069 136854658 . . .
g, TB4EL B- DECAY 1085.863 10.2375198 it by clicking on the [+] at the left to show
@, 154EL1 IT DECAY [45.0M) 244.6975 7. BOGE15S . .
. ey 155EU B- DECAY (4.7611%) ?5?-3?3 4.25841618 : 5 up its decays. Now click on one decay and
. & Gd 2 " . .. . . .
its radiations will be listed on the right.
| @ || @cma || Toselect aradiation, click its line in the

Awvailable radiations table, then click OK.
Alternatively, you can simply double-click on the radiation's data row.

The radiation list can be sorted by the Intensity and the Energy radio buttons at the top of the
list as required. When you selected an energy row, the energy calibration editor window
appears again, displaying the modified energy value.

Adding new points by visual selection

HyperLab also makes it possible to add a new calibration point via a more convenient method.
If you click New button under the table of calibration points, HyperLab first displays the
spectrum evaluation window, where you can select a fitted peak for position, then instantly
shows the calibration line selector window, in order to select a calibration line from the nuclear
database. This way addition of a new calibration point may be accomplished rather quickly.

The problem of missing gamma lines

It may be disturbing that some of your well-known calibration peaks are not provided in the
calibration line selector window. This may be due to its missing radiation usage flag.

HyperLab uses a gamma line for energy calibration purposes only if that radiation is equipped
with “Use for energy calibration” flag. See further details in section Nuclear data library
management.
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5.3.2. Calibration chart tab

The energy calibration chart allows you to overview the quality of the calibration.
This sheet contains the chart itself at the top, | & encray calivation editor =8 EoR =X
a residual at middle, and a list of candidate s revinean da] Cabeeion oher | Rephoe | el
. BlIrAGE
fitted peaks at the bottom.
The chart shows the calibration line with red,
the standard uncertainty of the calculated
energy values in blue; the calibration points'
difference from the energy calibration line as
filled green rectangles.
The peak list may be used to add new
points quickly to the calibration. The peak
list is filtered to display the significant
peaks only: only the peaks with less than 1% .
peak area uncertainty will be displayed — rhs T2 21016 o -
however, this value can be edited under the
list. If you find too few peaks in the list, l
change this value to, say, 5%, and all the
peaks below this limit will be listed immediately. To quickly add a peak to the calibration as a
new point, click on its row, and click the Add button beside the list.

Difference from calibr curve [ke'

T T T T T T T
a 1000 2000 3000 4000 000 6000
Position [channel]

=
2
T o I
T
il
o
1

(4]
2
L]
m
L]
H

1 T P Wil

Fitted spectrum peaks

Show spectrum peaks with less than 1| % of area uncertainty

& Hep & 0K H QCancel ‘

On the chart, gray triangles depict the positions of the fitted candidate peaks, which are listed
in the peak list table. When you click on a gray triangle, its point will be shown with bolder
line, and the corresponding data row will be selected. The fitted peaks are always displayed
with zero difference from the calibration curve, as their library energy is not yet known. When
Add button clicked, user should select a library peak, then a real difference may be computed.
Notes:

e The gray triangles may help you to notify if you are using dangerous extrapolation: if
the last fitted peak — that is, the last gray triangle — is too far from the last green
calibration point, its computed energy value may be rather uncertain. In this case, it is
advisable to add also an other, closer peak as an additional calibration point.

e If you see a strong non-random tendency among the linear calibration points, and the
difference exceeds, say, 0.1keV, this may indicate significant nonlinearity of your
measurement system. In this case, it is advisable to create a nonlinearity calibration,
and use it together with the two-point linear energy calibration as a nonlinearity
compensation. See details in section “System nonlinearity analysis”.

5.3.3. Advanced tab of energy calibration window

On the advanced tab, you can revise the equations of the current energy calibration. If the
additive nonlinearity correction is not used for a given calibration, then a simple

E=A+B-Ch
formula is used. In case of nonlinearity correction, the

E= A+ B-(Ch+ NonlinShift)
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formula will be applied, where NonlinShift is computed from the polynomial of nonlinearity

curve for a given channel value.

_E?j‘ Energy calibration editor
Linear & nonlinear data | Calibration chart | Replace | Advanced

Calibration equation

E_kev = -0.203624515472 + 0409560505051 * (Ch + -0.551385364345T(2] -0.162576328205°T[3]
0074062776891 7T[4] -0.293162648275°T 5] +0. 564515330758 T [B]]

= -1.17347609032626 +0 DO0BB2343949825766Ch

Tio]=1.0

TI] = % +0.613828508102323

T[2] = [% -0.221 324922455363 (1] -0.1 30281 634B48338°T (D]

T[3] = [ +0.0874985603431 04)°T[2] -0, 325525511 47625°T(1]

T[4] = [ +0.06293656:31 360637)T[3] -0 224730330061 344°T(2]

TIB] = (% -0.0974844022807821 1T [4] 0.1 7442028425826°T [3]

TIE] = [ +0.1656489368637551 T[5] -0.1 5647501 03267 2°T[4]

Far nonlin shift calculation, Ch is limited to the 2979 - 37323 channel range:
Outside of this range the bounding point's shift will be used.

ECal_regular = -0. 203824615472 + 0409560505051 * [Ch + 0.0603748389896-0.000320384835001°Ch

+2.72672990418e-06"Ch " 2-2 5534607561 2e-03°Ch " 3+1.1 489174051 5e-1 2°Ch"4-2. 55204621 80de-
16Ch"5+2 20206468932-20°Ch 6]

Single-paint calculator

Position 1000 + 01 charnel
Eneigy 4084269 L 0oz kev [ Coleulate
| @ Heb H @ ok H € Cancel

[E=1 Eon |

This should result in much better agreement
of the measured peak positions throughout

the whole measurement range. The
calibration chart will also significantly
change: calibration points will scatter

randomly around the calibration line, and
the differences between the points and the
line become much smaller, thus resulting in
much more precise peak position deter-
mination.

This tab displays the energy calibration
function in two forms.

The upper part contains the exact and

numerically stable representation, which utilizes orthogonal polynomials. This solution,

hOWEVGI‘, may seem uncommon.

The lower part displays the very same function as a regular polynomial, whose computation is

more straightforward. It may be used in external applications, where the simplicity has higher

priority than numerical stability.

This page also makes it possible the computation of any energy value and its uncertainty from
arbitrary channel values: just enter the position in channels into Position edit box, and possibly
its absolute 1o uncertainty. Upon clicking Calculate button, the corresponding energy value
will be displayed, together with its absolute uncertainty value.
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6. System nonlinearity analysis

As described in section “Energy calibration”, HyperLab proposes an energy calibration model,
where the slowly varying nonlinear and frequently changing linear parts are separated.

Nonlinearity curve

The nonlinearity of a measurement system at a specific point of time is characterized by a so
called nonlinearity curve. This describes the system's deviation from the linear calibration line, as
shown in the picture below.

The figure shows the nonlinearity curve of Max nonlinearity: 0.0387% at 5971 ch, RXSQ: 1.56 - D4 Nonlinearity analysis -
HyperLab's Nonlinearity module for several ' ' ' ' ' ' '
calibration measurements.

The curve itself is depicted by a red line, its
+1o limit with blue lines, while the data
points are from the centroid shift of the
fitted PeakS- Y H— U m 1E2E0ECDECAY (13597 V) | -
The green triangles (at 600ch and 2800ch) 25 .......... m aueesoicay | ________ N

O 214BIB- DECAY

L booeeegy fmecccsccofcsssosasalesassasces -

o} Ol gy A

133688 EC DECAY (10.52 Y]

System nonlinearity [ch]

show the points where the curve crosses the = = ' ' ' = i
i 1,000 2,000 3,000 4,000 5,000 6,000

zero nonlinearity value. e

In HyperLab, the system nonlinearity curve always uses the channel-channel scale, as with

these units the nonlinearity characteristics are supposed to be slowly varying with the time.

The calculated nonlinearity may be used for several purposes:

e The curve provides the “fine tuning” part of the energy calibration, because it
transforms the system's response to nearly linear. Thus, when applied together with a
linear channel-position calibration line, it serves more exact energy values. See section
“Energy calibration editor” for more details about applying a previously created
nonlinearity calibration to an existing linear energy calibration.

e Helps to compare the absolute nonlinearity of different measurement systems. As
HyperLab also calculates an absolute percentage nonlinearity value, a simple
comparison of two numbers may reveal the differences between them.

e Helps to characterize the aging or other changes in a specific measurement system for
quality assurance purposes. With consecutive nonlinearity evaluations, the percentage
nonlinearity values may be used to monitor the changes in characteristics of the
measurement system.

6.1. Algorithm of nonlinearity determination

Nonlinearity determination is easy with HyperLab's Nonlinearity module. Only a few measu-
rements are required, and a calibration curve may be constructed within a few minutes.
The algorithm of the nonlinearity determination is the following:

1. Determination of the matching gamma lines in the measurements. Because 2 parameters
will be determined during a least-squares fit for each measurement, this step drops
measurements with less than 3 matching data points.

2. One-step fit performed on all points of all measurements with one common ortho-
normalized polynomial, and with more adjusting lines, one for each measurement. The
shape of the polynomial describes the common nonlinearity in the system, while the
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lines normalize together the individual measurements so that the common chi-squared
is at the minimum.

3. As the nonlinearity of the system is described practically only by the curvature, a final
common shifting line is added, which may be arbitrarily chosen by the user.

6.1.1. Nonlinearity intersection points

The additive line — the zeroth and first order member of the nonlinearity — is to shift or “shear”
the curve such that it intersects the X axis at two specific points (where zero nonlinearity is
reached, as shown by the green triangles).

Max nonlinearity: 0.0101% at 130 ch, RXSQ: 1.56 - D4 Nonlinearity analysis - 1 he user can select from Optimum, Linear fit

: : : : ' ' | or User defined intersection (or baseline)

determination modes. The figure shows the
same nonlinearity analysis as in section
“Nonlinearity curve”, but with Optimum

baseline instead of Linear fit.

System nonlinearity [ch]

' ' 1SéEIA EC DECA‘Y (1052 %) I .
054 -gf------ S| m 152EU EC DECAY (13537 ¥) HyperLab uses the Optzmum mode by
e b | 152EU B- DECAY (13537 %) . . ;]
075 H @ 214PEE-DECAY default, because in this case the maximum
O 214BIB- DECAY
i oo 20 aow | amo smo e absolute deviance from zero nonlinearity is

Messurement position [ch]

minimized in the whole energy range.
The Linear fit option will use no additive line (or, equivalently it uses the first measurements'
line — as it is selected as zero slope and offset).

In User defined mode the user is able to set her own intersection points (thus defining the
additional line).

Notes:

e If you want to compare percentage nonlinearity values of different measurement
systems, or the overall goodness of the same system at two different times, use Optimum
method, because this provides the smallest possible percentage value.

e If you want to compare the shape of nonlinearity of two systems, apply User defined
mode, and set intersection to the same values. This way the same shifting is applied to
the curves, and their differences in shape will be immediately visible.

e If you want to check whether a linear energy calibration gives the same deviations from
the calibration curve as the points on the nonlinearity curve, use Linear fit method with
one single measurement.

e For energy calibration purposes, in essence there is no big difference between the
methods, as the line of the linear energy calibration is able to compensate any setting of
baseline. We suggest using the Optimum or Linear fit method in this case.

Bug note: a rarely occurring bug exists in HyperLab's minimax intersection determination
algorithm. If you have a measurement system which has a nearly linear response almost in the
whole range, the minimax fit sometimes results in the same intersection values for both
intersection points. This is indicated by the nonlinearity display: only one green intersection
triangle is visible instead of two, because they are at the same position. In this rare case please
use the Linear fit or the User defined method.
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6.2. Measurements required for nonlinearity determination

For nonlinearity determination, you need one or more multi-line measurements. The
measurements should have the following properties:
e taken with the same measurement setup (same detector, ADC, energy range),

e taken roughly in the same time period (preferably within the same day, or within 1

week),

measurements' identified peaks. Please be aware that if no overlapping is between the
measurements, no proper nonlinearity curve may be constructed.
These are not stringent requirements, so the majority of usual calibration measurements — or

their gamma lines of isotopes have exact energy values in HyperLab's database,
the lines of the isotopes spread across your entire, regularly used energy range,
every measurement has at least 3 proper gamma lines,
every measurement has at least 2-3 identified peaks which overlaps with another

even measurements acquired for material analysis — will be usable also for nonlinearity

determination. You can also use isotopes with a few problematic lines, as you will be able to

individually remove the disturbing or overlapping lines from the nonlinearity curve.

6.3. Steps of nonlinearity determination

In order to determine the nonlinearity curve of a measurement system, first take some

measurements with calibration sources, and import them into your HyperLab database.
Our example will work with HyperLab's sample spectra belonging a measurement setup with

70 keV - 3300 keV range.

Please load the spectrum files into the database and also set their corresponding source values,
as specified in section “Importing sample spectra”.

Perform a batch or individual evaluation on
all measurements, and open a multi-line
spectrum with the Peak evaluator. Check
the FWHM calibration, and adjust the
region fits, if necessary. Finally save the
peak list, which will be input for the
nonlinearity evaluation.

When all measurement are properly fitted,
similar statistics will be displayed about
them at the right side of the Main Module
window as you can see in this picture.

E_r‘? HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATION... EI@

File  Options Help

ir

=) HyperLab zample spectra
4 -{lw] Measurements
a -] D4 kal. 2002, okt 1 [AMB03208.0AT]
-, Peak eval of D4 kal. 2002 okt 1,
s ] Spectra
a -] D4 kal. 2002, okt 1 [BAB52114.DAT]
= I, Peak eval of D4 kal 2002 okt 1
s ] Spectra
a -y D4 kal. 2002, okt. 1 [COOT0434.DAT]
I Peak eval of D4 kal 2002 okt 1 [
s i Spectra
a -ty D4 kal. 2002, okt. 1 [CO010424.DAT]
I Peak eval of D4 kal 2002 okt 1 [
s i Spectra
4y D4 kal. 2002, okt. 1 [CO851854.DAT]

4 T 3

"

1 Peak eual nfNd kal 2007 ckt 17 7

Selected item: Measurements (8
tasks, 10 sub-items)

Nurnber of measurements: 10
Murnber of spectra; 20
Murnber of peak evaluations: 10

Tasks | Sub-items

Illmport spectum files

El B atch evaluation

Il Remove all peak evaluations
II Femove all measurements
[E]Export all measurements

153 Create repart

i Create report

[E]Search data entries
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ff} HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATION... E@

File

?

H HyperLab databases o
4| Database HyperLabl on \MSSOLHYPERLAR
4 ) User projects
4 -] HyperLab sample spectra
) Measurements
4 Analyses
Fezolution analyzes
Monlinearity analyses
Efficiency analyses
PAT analyses
» Lotz and samples
o2 | Irradiations
- | 3] Other project-related items
» ) Test
U3 Measuring environment

M Muclesr and carnnenent daka

Options  Help

{1 task, 0 sub-item)

||| Tasks |Sub-items

< | Create new nonlinearity analysis

B8 HoR (=3

Please set parameters for the news nonlinearity analysis, then click Ok.

Eﬁ" Creating new nonlinearity analysis

MaAME Monlinearity analysis - 1/26/20011 11:553:29 PM

PEAK IDENT. LIMIT 3
RADIATIOM INT. LIMIT 0.005

ch

/| Start nonlinearity analysis module when | press Ok

The threshold iz uzed when azsigning fitted peaks to nuclear library peaks, using their centroid
position walue in channels. Set to about 3 channels to identify peaks for a moderately nonlinear
measurement setup.

Fiadiations' intenzity threshold is used when adding new radiations ta the nonlinearity analysis.

| \J OK H € Cancel |

Open Analyses node under your project,
then click on Nonlinearity analyses and
select Create a new nonlinearity analysis
task.

A new window appears now, where basic
parameters of nonlinearity fit algorithm
may be specified.

You can specify a descriptive name of the
new nonlinearity analysis, and thresholds
for the identification of peaks.

The Peak identification limit is used when
peaklist peaks and nuclear library peaks
are matched. If the difference between
peak centroids is below this value, the
peaks will be considered as matching. Its
usual value is 3 channels, which is
appropriate for measurement setups with
moderate nonlinearity.

The Radiation intensity limit is used when radiations are loaded for a selected decay from the
database. The 0.005 default value load the radiations where the intensity is greater than 0.5% of
the decay's strongest line. When you are ready, press OK.

5‘5’ System nonlinearity evaluator
Eile Edit Search View Data Fit
| \ | ] e | K|

Fit

= e (=53

Options  Help

Meszages

Measurements

'ik] Add measurement

Click ‘Add measurement' to add
one of mare measurements to the
resalution analysis.

Mo fit performec

28

HyperLab Reference Guide

The Nonlinearity evaluator appears now
with the empty Input data sheet.

Click Add measurement button at the right.
The Measurement selector window appears
now.
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Select the 56Co sample measurement from the project, named
CODO0111A.DAT, 152Eu called
EU80297A.DAT.
When you click OK in the measurement selector window,
HyperLab performs the steps as follows.
e Loads the peaks from the most recent peak evaluation of
the measurement.

and measurement

e Checks if a source is specified for the measurement. If
found, loads the source isomers, their decays and
radiations. Otherwise prompt the user for the isotopes.

e Limits the radiations to those whose intensity is above the
preset intensity limit and which have a radiation usage
flag stating that the radiation is usable for nonlinearity
evaluations.

BN HoR S

ﬂ"}' Select one or more measurements

Available measurements

4 {7 HyperLab sample spectia o~
» 47 Test
> ) D4 kal 2002, okt 1 [AMB03204,DAT]
> ] D kal 2002, okt 1 [BASS2114,.DAT]
> dug) D4 kal 2002, okt 1 [CDOT0438 DAT]
s ] D kal 2002, okt 1 [CO010424.DAT]
> ) D4 kal 2002, okt 1 [CO351854.DAT]
> g D4 kal 2002, okt 1 [CODOTT14DAT]
> ] D4 kal 2002, okt 1 [CS961474,.DAT]
> W) Dd kal 2002, okt 1 [EUS02574.DAT]
o[ il T4 kal 2007kt 1 IMMINA1A DATL

mn

Details of selected measursment

D4 kal 2002, okt. 1 [ELIB02974 DAT]
10/2/2002 1:17:00 P

10/2/2002 2:17:00 P

ELIB02974,

Diecay-gamma measurement

D4 Setup 7OkeV - 3.3Mev, d=25cm kv

l @ 0K “ € Cancel l

Name

Started at
Finished at
Ex=port file name
Meaz. method

Meas. setup

e Matches the loaded radiations and peaks, by applying the preset matching limit.
e If at least 3 matching peak-radiation pairs are found within a peak list, the measurement

will be used for nonlinearity evaluation, otherwise skipped.

e Checks if enough input data points exist for a polynomial fit. The number of all data points
must exceed the number of fitted parameters, which added from the degree of fitting

polynomial and the two linear shifting parameters for each measurement.

If you did not specify the radioactive source for the 56Co
measurement, a selector windows will pop up now.

Select Decay option and click OK, as you are specifying a
decay gamma source.

Next window let you select one or more decays for the given
measurement. The gamma lines belonging to the decay is also
listed, in order to help the selection.

Select 56Co EC Decay entry, and lick OK.

If you did not specify the radioactive source for the 152Eu
measurement, repeat the process accordingly, and select both
the EC and the (3- decays of 152Eu.

ﬂff Select nuclear data type EI@
Select data type for measurement ‘D4 kal. 2002, okt 1
[CODONT1A.DAT]
ﬁh @ Decay
{ " Reaction
l W 0K ‘ I x Cancel ]
] Select 2 decay =
Available decays:
4@, 56Mn [2.58 h] A

@, 5= (4450 d)
4@ 5500 (77.22d)

{ 4. @_ 56C0ECDECAY (100%)

iy 8467710 keV, Int: 93.93500

-}, 12382820 keV, Int: 66.90000
P\ 25984590 keV, Int 17.30000

Details of selected item
Decay Id 2705600
Branching

Branching unc.

N 0K ” € Cancel ]
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2 System nonlinearity evaluator - Max nonlinearity: 0.0123% at 298 ch, RXSQ;: 4.92 - Nonlinearity ... | || = | [55a] If enough data points are supplied, the flt is

File Edit Search VWiew Data Fit Options Help

HEA([EE D we ul X performed and the tab Fit becomes active,
nput data | Fit essages . . . . .

T — e || displaying the fitted nonlinearity curve.
> e || Now you can add your other measure-

H‘ E =1238.2820 ke¥ :

we-zmemie || ments to the fit one-by-one, or remove one,

Li‘ E=1771.3510 ke

A || drop outlier gamma lines and so on.

B "1‘ E = 2034.7550 keV'
H‘ E =1360.2150 ke
LB‘ E =3201.9620 ke¥

oEEEl
-2 - m 152Eu 13537y |-
: : e || Eventually, a multi-isotope nonlinearity

0 2000 4,000 6,000 5000 "y E=1175.1020 ke¥/
iy E = 32729900 ke

we-wmamky, ||| curve may be constructed with almost no

Max nonlinearity: 0.0123% at 298 ch, RXS0: 4.92 - Nonlinearity analysis|

System nonlinesrity [ch]

N My, E = 3009 5360 keh/
ER “y £ = 1363 7140 ket : :
z At || manual interaction.
- ] m »
&
‘ * [Plonpesks  ~] ¥ Remave|
0.315 {57.8%) ch at 6400.6 ch 5iCa - 6349.4 ch (Chi= -3.05) Valid it displayed

Note: after you are using a specific peak evaluation for nonlinearity analysis, you had better
not modify the peak evaluation afterwards — e.g. by adding or removing peaks from it. When
you open such a peak evaluation with the spectrum evaluator module, it will warn you about
this, suggesting opening the evaluation only in read-only mode.

If you want to use a measurement for multiple purposes, e.g. for nonlinearity as well as
efficiency analysis or quantitative evaluation, it is advisable to create a separate peak
evaluation for each purpose, e.g. by cloning the original peak evaluation.

6.4. Designating a proper nonlinearity curve as a default

After a successfully construction of a nonlinearity curve, you should take one last admi-
nistrative step: HyperLab should know that this curve is to be used as a default one. This can be
done by assigning the nonlinearity analysis to the measurement setup where it belongs.

After this step, the spectrum files, which loaded next time, may get this nonlinearity correction
automatically, so your energy calibrations will be more precise right after the importing.

2 Fypettab Mo Motk - et Hiierd instance =Lon WoRsTATIONy s ssouss L [= s Open Measuring environment node in your

Eile Options Help

] relected items Nenlimeariy sssimments | Jatabase browser tree, then Setups and
B Ditabase Hypelat! on WSSOLAYPERLES - their assignments, finally the measurement
4 [ User projects
};% et ob eamp o oot setup where your nonlinearity curve is
& Devices
1 B stige created. In our example, the masurement

A4 Radioactive sources

O e Spve. azsom | setup 'D4 Setup 70keV - 3.3Mev, d=25¢m’
*D‘;iﬁ”‘ﬁfzIiztﬁg"’d.tghdl.,t,h” et o) | yas opened. After that entry, click System
: T P o s nonlinearity calibrations assigned to this
D”;%I O ) setup, and then select the task at the right
: E named 'New Meas. Setup — nonlinearity

assignment'.
A data entry window appears now.
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NOW you Should Select the nonllnearlty IMeasurement setup - nonlinearity analysis assignment properties EI@
. Selected meas, setup - nonlin assianment - pg 1 |More assignments

analysis you have created.

. . . . WOMLIN, ANALYSTS BRI e ysis - 1)25{2011 11:30:48 PM Iz‘
Another important field is the Valid from MEAS. SETUP D4 et 70ka¥ 3.3, d-5cn =

. : WALID FROM 2002 Jan 01 [~ ono0:00 el )
entry, where you can define the starting e
date when your nonlinearity analysis STORED AT 2011 331, 2049:13
COMMENT
should be used as a default. ‘ T I T |
. @ tel D ok D cancel 9 apply

Set it to the date of the measurements

which have been used for the analysis.
In our example, we set this date to January 1%, 2002, to make sure that it will be automatically
used for all measurements taken from the very first day of that year.

You should always register a successfully A NL1  NL2 NL3 NL4

created analysis as default. This way a
chain of nonlinearity analyzes will be
created, each representing a time range of
your measurement system, when that
calibration was valid.

On this picture we depict a situation, when
4 nonlinearity analysis, NL1, ... NL4 is
determined for a measurement setup. After the first assignment (NL1), there is always a valid
nonlinearity in the system. For example, if a spectrum file is imported, where the acquisition

Time

NL1 NL2 NL3 ~ NL4

>

Nonlinearity
—— sdemmsmEEEEEEEE e
B A T T r——

X JecasnrennnnnnendH

time is between the 2™ and the 3" nonlinearity analysis, then the NL2 nonlinearity will be
assigned to the energy calibration of that measurement during the importing.

6.5. Common problems during nonlinearity determination

Although nonlinearity determination is almost a trivial task with HyperLab, there may be
common problems for the users.

Problem No.1: improper linear energy calibration of measurements

Perhaps the most important thing is to create a proper linear energy calibration for the
measurements which will be used as input for the nonlinearity analysis.

The difference between the reported peak positions and the position of the library peaks at the
end must not be larger than 3 channels (the actual nonlinearity peak search limit), otherwise
nonlinearity module will not be able to find them.

In case of an improper linear energy
calibration, as it is shown in this picture,
the user forgot to use the high-energy lines
of 152Eu for the linear calibration.

These lines possibly will not be found by : : ! : : : :
the nonlinearity analyzer, thus 'drawing = e

Position [channel]

000

-010 .
-0z20 :

030

-0.40 4

Difference from calibr curve [ke']

off' the nonlinearity curve.
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This figure shows a much better linear
energy calibration for the same situation.
You can see that the calibration line placed
such way that no any library lines is located

045 4+
a10
005 4

0.00 4+
005 4

Difference from calibr curve [ke]

1 too far away from the actual peaks.
- - ; s - - This way the nonlinearity analyzer will
0 1000 2000 3.900 4000 5000 G000 .
Fostion feharnel probably be able to find those peaks and

incorporate them onto the nonlinearity curve.

Problem No.2: non-overlapping regions covered by measurements

For nonlinearity fitting, the input measurements should contain as much well-defined singlet
peaks as possible, as this makes it possible to describe well the shape of the nonlinearity curve.
Please keep in mind that another important constraint for the analysis is that the final curve
must be constructed from measurements where the peaks are overlapping each other.

WMax nenlinearity: 0.0103% at 298 ch, RXS(: 3.85 - Nonlinearity analysis This is because the ﬁttil’lg algorithm has the

A E r .| freedom to rotate the curve part freely, in
R —= -------- .| order to get a joint with minimum overall
§ Tl | nonlinearity.
g s S - """ A 1| Please take a look at this faulty multi-
E e ______________ [ isotope nonlinearity curve constructed from
S I SRS SRR eceemeeceenens \....| the two overlapping 152Eu and 56Co

25 ---------- TS E— -------------- | measurements.
D: Py s s,o:uo 8,0:00 We took that curve, and just for the sake of

Meazurement position [ch]

the demonstration, manually removed the
56Co lines which overlapped the 152Eu ones, this way created two measurements with disjoint
regions of peaks. These two measurements cannot be used for a nonlinearity analysis.

In order to reduce the overall nonlinearity, the fitting algorithm applied a 'rotation' to the 56Co
measurement, and flattened out the whole curve significantly, giving an improper result.

You should always avoid such situations, by adding another measurement or missing peaks to
the nonlinearity analysis.

A possible solution would be to use a third measurement, which covers the middle region,
while overlaps a bit with the first and the second measurements.

Problem No.3: Radiations not found

If nonlinearity analyzer is not able to find a particular peak, it is also possible that the matching
library line has no the proper radiation usage flag. HyperLab uses a gamma line for nonlinearity
purposes only if the “Use for nonlinearity” flag is assigned to it. See further details in section
Nuclear data library management.
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7. Detector efficiency analysis

HyperLab is able to automatically construct absolute or relative full-energy detector efficiency
functions (curves) from multiple measurements taken with multiple radioactive sources. The
applied state-of-the-art techniques result in a single detector efficiency polynomial, and also its
exactly computed uncertainty values throughout the used energy range. This provides
significant advantage over HyperLab's competitors.

Efficiency curve

The semiconductor detectors' efficiency means a ratio between the number of photons arriving
into the detector and the number of detected events resulting at the end of the measurement
chain. As the probability of gamma photon detection changes rapidly with the energy of the
photons, it is common to describe the logarithmic of the efficiency as a function of the
logarithmic of the photon energy.

HyperLab alSO uses thls log(Eff) VS. Efficiency: 4.568e-04 (0.7%) at 1332.50 keV, RXSQ: 2.30 - Efficiency analysis for D4 detector
log(E) fitting and displaying method in sl T R
its Detector efficiency analysis module, as w |

you can see in this figure.

] C L

The curve itself is depicted by a red line,

= Sdhin (31212 d)
B 5600 (7723 d)
B B0Co (5271 y)
= 109Cd (1263 y)
O 137Cs (30.070y)
= 13368 (10510 y)

normalized (if an absolute calibrated | B sy
. . . . V| = 241amd432200y)

radioactive source is used) or normalized

(in case of home-made sources).

its +1o limit with blue lines, while the
measured intensity points are either not

Detectar eficiency

T T T — T
100 1,000
Messurement position [key]

The calculated detector efficiency may be used for generating special peak list reports, which
contains peak areas and uncertainties with efficiency correction. Later versions of HyperLab
will also contain nuclide identification based on the efficiency curve.

7.1. Algorithm of efficiency determination

Detector efficiency determination is easy with HyperLab's Efficiency module. Only several
measurements and proper radioactive source entries are required, and a calibration curve may
be constructed within a few minutes.

The algorithm of the efficiency determination is the following;:

1. Determination of the matching gamma lines in the measurements. The list of gamma
lines is generated from the matching radioactive sources' isomers or from manual
assignment.

2. In case of absolutely calibrated sources, the belonging measurements will be used even
if only one matching line is found in it. In case of relative measurements, at least two
assigned lines are required. This is because a Y-shifting transformation will be applied
to these points — in order to match the points from other measurements — and at least
two points can only provide additional information about the shape of the curve.

3. One-step fit is performed on all identified points of all measurements with one common
ortho-normalized polynomial, and optionally with several shifting parameters (one
shifting parameter for each relative measurement). The shape of the polynomial
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describes the efficiency of the measurement system, while the shifting parameters
normalize together the relative measurements together or to the absolute measurements,
so that the common chi-squared is at the minimum.

7.2. Measurements required for the efficiency analysis

For nonlinearity determination, you need one or more multi-line measurements. The
measurements should have the following properties:

e taken with the same measurement setup (same detector, ADC, energy range),

e taken roughly in the same time period (preferably within the same day, or within 1
week),

e their gamma lines of isotopes have exact energy values in HyperLab's database,
the lines of the isotopes spread across your entire, regularly used energy range,

e the used decay gamma cascade does not show significant true-coincidence summing effect
(either due to the structure of the nuclear transitions, or due to the appropriately large
detector-source distance),

e every relative measurement has at least 2 proper gamma lines, and every absolute
calibrated measurement has at least one proper gamma line.

These are not stringent requirements, so the majority of usual calibration measurements — or
even measurements acquired for material analysis — will be usable for efficiency determination.
You can also use isotopes with a few problematic lines, as you will be able to individually
remove the disturbing or overlapping lines from the efficiency curve.

7.3. Steps of efficiency determination

In order to determine the efficiency curve of a measurement system, first take some

measurements with calibration sources (possibly with absolutely calibrated ones), and import

them into your HyperLab database.

Our example will work with HyperLab's sample spectra belonging to a measurement setup

with 70 keV - 3300 keV range. Please load the spectrum files into the database and also set their

corresponding source values, as specified in section “Importing sample spectra”.

Perform a batch or individual evaluation on all measurements, and open a multi-line spectrum

with the Peak evaluator. Check the FWHM calibration, and adjust the region fits, if necessary.

Finally save the peak list, which will be input for the efficiency evaluation.

1 HyperLab Main Module - user HLUserd, instance #1 an WORKSTATION... [ — | = == | When all measurements are properly

Ei; Spters Heb st eorenents @ fitted, similar statis.tics w.ill be display.ed
about them at the right side of the Main
Module window as you can see in this

picture.

To ease the work of the spectroscopist, the

same peak evaluations may be utilized for

nonlinearity determination and for

Mumber of measurements: 10
Number of spectra: 20
Number of peak evaluations: 10

=) HyperLab sample spectra -
a -l Measurements
- ay) D4 kal 2002, okt 7 [AMB03204.DAT]
2o ), Peak eval of D4 kal. 2002, okt 1]
: ] Spechria E:
- y) D4 kal 2002, okt 1 [BAB52114.DAT]
o | Peak eval of D4 kal 2002, okt 1]
- W] Spectra
) D4 kal 2002 okt 1 [COO10434.DAT]
o | Peak eval of D4 kal 2002, okt 1]
| Spectra

Tasks | Sub-items

Zl Import spectum files
[E] Batch evaluation
II Remove al peak evaluations

:A----‘\N,] D4 kal 2002, okt 1[CO0T0424 DAT]
+o )| Peak eval of D4 kal. 2002, okt 1[
| Spectra

IA----‘\N,] D4 kal 2002, okt 1 [CO851854.DAT]
o U7 Pack ewal cfMd ksl 2007 akt 177
i 3

Zl Remowve all measurements
II Expart all measurements
i Create report

2 Create report

II Search data entries
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Open Analyses node under your project,
then click on Efficiency analyses and select
Create new efficiency analysis task.

A new window appears now, where basic
parameters of efficiency fitting algorithm
may be specified.

Here you can specify a descriptive name of
the new efficiency analysis, and thresholds
for the identification of peaks.

The Peak identification limit is used when
peaklist peaks and nuclear library peaks are
matched. If the difference between peak
centroid and radiation's energy is below this
Chi value (using the combined energy
uncertainty value of the peak and gamma
line), the peaks will be considered as
matching.

ff)" HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATIO... EI@

File Options Help

? {2 tasks, 0 sub-item)

4 I HyperLab databases -
4| Database HyperLabl on AMSSOLHYPERLAR
4 =) User projects
4 -7 HyperLab sample spectia
stk Measuements
4| Analyzes
= Resaolution analyses
> e Monlinearity analyses =
Efficiency analyses
P/T analyses
s Lats and zamples
s o7 | Imadiations
» | 7] Other project-related items
» ) Test
o _é teasuring enviranmment
@ Muclear and component data

F=1 Gamarie Azts

Tasks | Sub-items

El[:reate new efficiency analysis
[E] Create new manual efficiency ..

[E=1 EoR (=™

Fleaze set parameters for the new efficiency analyzis, then click Ok.

E_P? Creating new efficiency analysis

MNaME  Efficiency analysis for D4 det, 3.3eb

PEAK IDEMT. LIMIT 100
RADIATION INT. LIMIT 0.005

zigma [differencesuncertainty)

/| Start efficiency analyzsiz module when | press Ok

The threshold iz uzed when assigning fitted peaks to nuclear library peaks, using their
centroid pozition value in channels. Set to about 3 channels to identify peaks for a
moderately efficiency measurement setup.

Radiations' intenzity threshold iz used when adding new radiations ta the efficiency analysis.

[ W 0K ” €3 Cancel |

Its usual value is 100 Chi, which is appropriate even for cases when nonlinearity correction is

not applied in the energy calibration, therefore huge differences may occur for peak positions.

If you are using nonlinearity correction for all of your measurements used for the efficiency

analysis, enter a value of 5.0 Chi here.

The Radiation intensity limit is used when radiations are loaded for a selected decay from the
database. The 0.005 default value load the radiations where the intensity is greater than 0.5% of

the decay's strongest line. When you are ready, press OK.

The Detector efficiency evaluator window
appears now with the empty Input data
sheet.

Click Add measurement button at the right.
The Measurement selector window appears
now.

=N e =)

Ef)" Detector efficiency evaluator
File Edit Search View Data Fit
| | | ] | X|

Input data | Fit

Options  Help

Messages

Measurements
‘] Add measurement

Click ‘4dd measurement’ to add one
or more measurements to the
efficiency analysiz.

No fit perfe
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W i) Dd kal. 2002. okt 1 [BASS2114.DAT]
W ) D4 kal. 2002 okt 1 [CO010428.DAT]
W ) D4 kal. 2002, okt 1 [CODOT114.DAT]
W ] D4 kal. 2002 okt 1 [EUB02974.DAT]

% 1) Dékal 2002, okt 1 [MNOT0414.DAT] peaklist).
¥ 1a] D4 kal 2002, okt 1 [RAT7O7EADAT]

[ @ 0K ” € Cancel |

prompts the user for selecting the isotopes.

{1 select one or more measwements | = || = [@5]  Select all of HyperLab's example measurements from the

Available measurements: project.
4 - HyperLab sample spectra - . . .
- J¥ 1] D4 kal. 2002 okt 1 [AMB03204 DAT] When you click OK in the measurement selector window,

[ 1) Dé kal, 2002 okt 1 [CDOI0434 DAT] HyperLab performs the steps as follows.
7 1) D4 kal 2002, okt 1 [COBSTBSADAT] = e Loads the peaks from the most recent peak evaluation of
¥ 1] D4 kal. 2002, okt 1 [CS961474.DAT] the measurement (this should be the nonlinearity corrected

i) Geolégiaiminék 13,53 31 CNFI = o Checks if a radioactive source is specified for the
measurement. If found, loads its isomers and their
radiations, as well as source activity details. Otherwise

e Limits the radiations to those whose intensity is over the preset intensity limit and which
have a radiation usage flag, enabling the radiation for detector efficiency evaluation

purposes.

e Matches the loaded radiations and their closest fitted peaks, by applying the preset

matching limit.

o If at least one matching peak-radiation pair is found within a peak list (or 2 matching pairs
for measurements taken with a home-made source), then the measurement may be used for

efficiency evaluation.

e Checks if enough input data points exist for a polynomial fit. The number of data points
must exceed the number of fitted parameters, i.e. the degree of the fitting polynomial plus
one activity shifting parameter for each non-absolutely calibrated measurement.

ff;" Detector efficiency evaluator - Absolute efficiency: 4.623e-04 (4.4%) at 1332, EI@

File Edit Search View Data Fit Options Help

BIEa | EE R w e | X
Input data | Fit Messages
i3 B

10e-24---

Matching radiations

D4 kal 2002 okt, 1[CO85 «
D4 kal. 2002 okt. 1[CODC
D4 kal. 2002 okt 1 [CS96°

D4 kal. 2002 okt. 1 [EL80|=
@, 15260 EC DECAY (13,
My E= 1217817 ke
My E= 2446975 ke
My E= 2959392 ket
My E = 4439650 ke
{7y E= 4439650 ke
¥y E= 4886792 ke
"1y E = 5639900 ke
"1y E = B56.4870 ke
~\14 E= BTAETS0 ke

Yy E= GIBETO0keV ~

] T 3

L |{\§1 On peaks v| X Remove

2.925e-04 (5.7%) at 2204.4 keV 152Eu - 443.965 keV (Chi: 35.93) Valid fit displayed

100

-100

Improvement of the fit

If enough data points are identified, the fit
will succeed and the tab Fit becomes active,
displaying the fitted efficiency curve.

It will be an absolute efficiency curve if any
of the matching measurements has an
absolutely calibrated source, and it will be
relative efficiency if no measurement has
such source.

Now you can add other measurements to
the fit one-by-one, or more at a time.
Eventually, a multi-measurement, multi-
isotope efficiency curve may be easily
constructed.

If you check the resulting reduced Chi-squared (RXSQ=101) or the residual of the fit, it is
immediately obvious that there is a problem with the fit.

Please be aware of the outlying 152Eu data points on the previous figure, which are far off
from the efficiency curve. This is the 443keV line of 152Eu, and it is improper for calibration
purposes because the level scheme contains two overlapping 443keV peaks. The similar
problem exists with the 1112keV line of 152Eu EC decay and the 1109keV line of 152Eu f3-

decay.
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It is unavoidable to remove all of these disturbing lines. Select the first 443keV line by clicking
on it (on the fit chart, or on the residual, or in the list of matching radiations), and then click
Remove button, and repeat this for the other problematic line at 443keV. You can use the View/
Sorting of radiations menu to display energy-sorted lines. Also repeat with 1112keV and
1109keV lines of 152Eu, and the notoriously weakly fitted 79keV line of 133Ba.

With those modifications, the RXSQ value goes down to around 3, which should also be
improved.

a L) D4 kal 2002 okt 1 [AME &

It is better to check the residuals now, to see s ® e — X ez
which line exactly causes this problematic O ekl o e .E:'M:_E"_' 4 ke i
RXSQ:. Click on the outlier point at 59%keV. 1t = < T | -
is immediately displayed on the right thatit ' Pioesse o] [ Xpenwws |

3.649e-04 {0.9%) at 1735.9 keV 241Am - 59.541 keV (Chi: 6.68) Walid fit displayed

belongs to 241Am.
In order to see the spectrum's details, save the efficiency fit, and open the 241 Am peak
evaluation.

If you have a warning about that this peak BB Confirm read-only evaluation mode =R
evaluation is already used in an analysis,

Peak evaluation record has 2 resalvable references to ather records. >
o pe - If yau want ta modify this peak evaluation, references should be remowed.
therefore cannot be mOdlﬁed/ then SGIECt NO Fiemaval of these references may cause some minor cross-links to be lost (2.9,
mizsing peak evaluation info for detectar efficiency calibrations).
here. - If you open thiz peak evaluation in read-only made, no modifications may be
performed on it

Do you want to open this peak evaluation in read-only mode™?

Detailed references:

EFF&MALTSIS record [EFFANALYSIS_ID=2] uses the PEAKEVAL
EFF&MALTSIS EFFMEASLIREMENT /EFFPEAK, record uses the PEAKEVAL's
PEAK record(s] (EFFANALYSIS_ID=-1, EFFMEASUREMENT _IDe=1]

| [y Copy || H 5ave.._| | D es || & Ho |

Now select the Make a clone task while the Y HyperLab Main Module - user HLUserd, instance #1 on WORKSTATION4/192.L.. [ = |[ = |5

File Options Help

peak evaluation is selected, thus creating a 5 selected item: Peak evaluation
. . . entry (7 tasks, 0 sub-item}
new peak evaluation, which contains the @2 A
. . .. . A0 HyperLab sample spectia - Mame: Peak eval of D4 kal 20, -
same details as its original one, but editable. | 4 essuenens :
a ) Dd kal. 2002 okt. 1 [AME03204.DAT] Tasks |Sub-items
After ClOI‘lil’lg, a second peak evalution : Peak eval. of D4 kal 2002, okt 1 [AMB0320) = || ] 0pen with peak evaluator
h 1 f h d b : w‘,]“b:qkslngtﬂr; K. 1 [BAS5211ADAT] [] Create new peak. evaluation
appears on the left, at the database tree. I o : (9] Peak evalustion propeties
pp ’ . ﬁ g: t::' gggg ZEE' 1 {EBE: gjigi” X Delete Peak svaluation sntry
For the sake of clearer further explanations, 68 D kel 2002 okt 1 [COBS195A DAT] (St epnet g e
. 1/nd .- is) D4 kal, 2002 okt. 1 [CODDT114 DAT] . || el iake a clone
we changed its name to 2™ Peak ; 7| 5 Create repor

evaluation'. Open this new evaluation, and
check the problematic 59keV region.

The problem may be evident at once: the
automatic fit incorrectly included part of the
background in the peak.

Move the left side of the region to right, by
dragging the blue arrow to the base of the
peak.

[2]=T+TsT6][7]

43 a0 a2 a4 56 a8 B0 B2 G4 66
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"%EIEEE After the manual intervention, the area of

o the peak decreases significantly (change is
over 5%, while its uncertainty was 1%).
Now save this peak evaluation.

5.7 - 654 (2.1
[ 1]
O
[515]__ oo

gnnooEd
ooo
hpogogRofod

¢ | Open the efficiency analysis again.

48 a0 a2 a4 a6 a8 =] B2 G4 BE

fff Detectar efficiency evaluator - Absolute efficiency: 4.596e-04 (0.5%2) at 133... EI@ On the Input page, open the 241Am

File Edit Search Niew Data Fit Options Help

& | B e u X measurement, select the second peak
Inpul deta | Fit__ | Messages. evaluation node on the left, then click the

tug) D4 kal. 2002 okt 1 [AMB03204 DAT]
4- | Peak evaluations

@ ) Peak eval of D4 kal. 2002, okt 1 [AMB03204.DAT
7| | 2nd Peak eval. of D4 kal. 2002, okt. 1 [4M303204.|
- @, Searched decay and reaction lines

) D4 kal. 2002 okt 1 [BAB52114.DAT]

-fuig) D4 kal 2002 okt 1 [CDOT0434.DAT]

Peak evalation ‘Select evaluation' button on the right.

[l Detectar efficiency evaluator - Absalute efficiency: 4.580e-04 (0.7%) at 133250 keV, RXSQ: 267... [ || =) | [wsm] After removing two other low_energy lines,

File Edit Search VWiew Data Fit Options Help

HG 2E B eyl X the figure shows the improved efficiency
ipadsa | 7 [Messooes ‘ curve. It has RXSQ value of 2.7, which

Matching radiations
20e-3

e i« 1| indicates a good fit — with only minimum

D4 kal. 2002, okt. 1 [MNOT
D4 kal 2002 okt 1 [RA37 . .
@, 214PB B-DECAY user intervention.
L& E = 351.9320 ke
L& E = 295.2240 ke
‘1‘ E = 2419370 ke
'1‘ E = 7859600 ke
- — ~e-moumie | | If you have used the cloned peak
| My E = ZEBET00 eV X .. . .

it | evaluation, then the original one is possibly
L& E = 580.1300 ke

= amemey” | | UNUSed Nnow, so you can delete it under the

1 0e-3

P[ETompess -] o measurement entry.

3.786e-04 (0.524) at 1664.9 keV 214Pb - 274.800 keV (Chi: -6.53) Valid fit displayed

7.4. Designating a proper efficiency curve as a default

After a successfully construction of an efficiency curve, you should take one last administrative
step: HyperLab should know that this curve is to be used as a default one. This can be done by
assigning the efficiency analysis to the measurement setup where it belongs.

After this step, the efficiency of a measurement can be automatically determined, purely by its
acquisition date and the measurement setup set up for the spectrum.

This is currently used by HyperLab for two purposes:
« nuclide identification is more convenient, as automatic loading of the matching
efficiency curve is performed during spectrum deconvolution, and
+ itis possible to generate an efficiency-corrected peak list (however, this is rarely used).

In order to assign an efficiency analysis to the measurement setup, please follow the
instructions below.
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Open Measuring environment node in your
database browser tree, then Setups and their
assignments, finally the measurement setup
where your efficiency curve is created. In
our example, the measurement setup 'D4
Setup 70keV - 3.3Mev, d=25cm' was opened.
After that entry, click Efficiency calibrations
assigned to this setup, and then select the
task at the right named 'New Meas. Setup —
efficiency assignment'.

A data entry window appears now.

Now you should select the efficiency
analysis you have created.

Another important field is the Valid from
entry, where you can define the starting
date when your efficiency analysis should
be used as a default.

Set it to the date of the measurements
which have been used for the analysis.

E"j’f HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATION4/192.168.0.111
File Options Help

HyperLab databases -
¥ Database Hyperlsbl on SMSSOLHYPERLAB
4 | User piojects
| [ HyperLab sample spectra
41y Measuring enviranment
' Devices
J Easic seltings
A4 Radioactive sources
a1 Setups and their assigrments
§ D4 Setup SlkeV - 2 2Mev, d=25em
-1 D4 Setup 70keY - 3.3Mev, d=25em
75 Resolution calibrations assigned to this sstup
3 Swstem nonlinearity calibrations assigned to this setuy
4 Efficiency calibrations assigned to this setup
-1y PAT calibrations assigned to this setup
@ Nuclear and component data
=) Generic data

m

< . 3

5 Selected item:
for meas. setup (2 tasks, 0 sub-item)

Tasks [ Subsitoms |

. Mew Meas, setup - efficiency assignment
‘2 Create report

[E= Bl =5

Efficiency assignments

Measurement setup - efficiency analysis assignment properties == EER
Selected meas. setup - eff. assignment - pg | | More meas. setup - eff, assignments
EFF. AMALYSTS |Elid e e [~
MEAS, SETUP | D4 Setup 70keY - 3.3Mev, d=25cm E|
YALID FROM 2002 Jan 01 [E~ oo:00:00 =~ d
STORED By Database administrator
STORED AT 2011 Jan 31, 22:07:54
COMMENT
‘ @ teb ‘ | oK | ‘ € cancel ‘ | 4 apply |

In our example, we set this date to January 1%, 2002, to make sure that it will be automatically
used for all measurements taken from the very first day of the year.

You should always register a successfully
created analysis as default. This way a
chain of efficiency curves will be created,
each representing a time range of your
measurement system, when that
calibration was valid.

On this picture we depict a situation, when
4 efficiency analysis, Eff1 — Eff4 is assigned
to the same measurement setup.

A Effl  Eff2

Eff3 Eff4

Time

Eff. at 1332keV
o sfusssmsEEEEE e

B e s

Eff1 Eff2

Eff3 |

Eff4

>t

After the first assignment (Eff1), a default efficiency curve is existing in the system.
For example, when a measurement is loaded into peak evaluator, where the acquisition time
is between the 2™ and the 3™ efficiency analysis (between Eff3 and Eff3), the efficiency curve
Eff2 is automatically loaded, and the isotope identification will use it automatically.

7.5. Common problems during efficiency determination

Although efficiency determination is almost a trivial task with HyperLab, there may be
common problems for the users. One such problem may arise with peak matching.

Problem No.1: Using the same measurements for nonlinearity and efficiency

If you want to determine the nonlinearity and the efficiency from the same measurement set, it
is advisable to evaluate the measurements twice:
e evaluate the measurement with a purely linear energy calibration;
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e create the nonlinearity calibration, and save it;

e load measurements into the peak evaluator again one by one, and assign the new
nonlinearity to the energy calibration, then save a new peak list;

e load these new peak evaluations (which have now better energy calibrated peaks) into
the efficiency evaluator.

Problem No.2: Decays not set

If you have selected a measurement, where the sample is not set to a radioactive source,

HyperLab is not able to automatically assign decays and their radiations to the measurement. In

this case the user should manually assign decays to the measurement.

{7 Detector efficiency evaluator - Absolute efficiency: 4847... | = | = [ | To add decays, select Input data tab, then

ﬂ"“| ffi“t* EET"“ |D“t:d :t QT“’;} | Help click on the Searched decay lines node under
B — : the measurement in question.

et [Fr_] Message If you open this node and no decay has

44 D4 kal. 2002, okt 1[CODOTTTA.DAT] . .
been set, click Add decay on the right.

» o Peak evaluations

Decays and reactions

@. Searched decay and reaction lines
-t D4 kal 2002, okt 1 [EUS02974. DAT]

» o Peak evaluations .
4 @ Searched decay and reaction lines SeleCt proper decay and Cth OK

@, 152ELEC DECAY [13.537 ¥) — HyperLab now loads the decay and its
g, 152E1) B- DECAY [13537 ) =& £dd reaction - ] ]

radiations, and performs a fit with the
Click ‘Add decay' to add one or

ol e o e s currently identified matching radiation-
analysis. .
peak pairs.

2.073e-03 (40.9%) at 135.8 keV Va

Problem No.3: Radiations not found

When only a simple linear energy calibration is applied to a spectrum, large discrepancies may
exists between the expected and observed peak energies. If this difference is greater than the
identification threshold (100 chi by default), radiations will not be identified. Therefore it is
very important to apply the precise energy calibration (together with nonlinearity) in the Peak
evaluator for the calibration measurements.

To get detailed information about the peak matching, see radiations under the Input data tab, or
select File / General info menu item. A detailed listing is provided here about the matching of all
searched radiations.

Another reason for missing peak matching is the missing radiation usage flag. HyperLab uses a
gamma line for efficiency determination purposes only if that radiation is equipped with “Use
for efficiency” flag. See further details in section Nuclear data library management.

7.6. Using efficiency curve in third party applications

When an efficiency curve is constructed in HyperLab's detector efficiency analysis module, the
fitted orthogonal polynomial is available from the File / Generic info menu item or in efficiency
reports. A reported polynomial may be the following:

Eff = exp(

-8.29004319788 -1.89376623371*T[1] -0.782232919684*T[2] -0.0814766195533*T[3]
-0.684186229251*T[4] +0.0122364315926*T[5] +0.278512435801*T[6] )
.56318287167535 +0.393416534891053*1oge (E_keV)

1.0

X -0.265941444781564

H 3 X
—o

I
S
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(X
(X
(X
(X
(X

-0.114813912833466)*T[1] -0.217642251256021*T[0]
+0.123855849579396) *T[2] -0.233867482021834*T[1]
+0.070373668815714) *T[3] -0.413775078142546*T[2]
-0.132282651671386) *T[4] -0.124487482871051*T[3]
+0.176131058246229) *T[5] -0.330089517919545*T[4]

The corresponding high-precision calculation function in C language:

double Eff
double

double
-8.
-0.
return

}

( double E keV ) {

T[7], X = -2.56318287167535 +0.393416534891053 * log( E _keV );
1.0;
X -0.265941444781564;
(X -0.114813912833466)*T[1] -0.217642251256021*T[0];
(X +0.123855849579396) *T[2] -0.233867482021834*T[1];
(X +0.070373668815714) *T[3] -0.413775078142546*T[2];
(X -0.132282651671386) *T[4] -0.124487482871051*T[3];
(X +0.176131058246229) *T[5] -0.330089517919545*T[4];
Eff = exp(

29004319788 -1.89376623371*T[1]
684186229251*T[4]
Eff;

-0.782232919684*T[2]-0.0814766195533*T[3]
+0.0122364315926*T[5] +0.278512435801*T[6] );

The formula above is also reported to the user as a regular polynomial, which is the more usual
description of the log Eff vs. log Energy dependency. See the formula at the File / General info

menu.

A possible transcription in C:

double Eff

{
double
double

30.

-5

-0.

return

}

regular ( double E keV )

LogE = log(E_keV), LogE2=LogE*LogE, LogE4=LogE2*LogE2;
LogEff =

6835240174 -46.5504384031*LogE +21.9649579373*LogE2

.14575805865*LogE2*LogE +0.640226601624*LogE4
0406273018462*LogE4*LogE +0.00103266687194*LogE4*LogE2;
exp ( LogEff );

Please note that due to the inherent numerical instability of regular polynomials, you must
preserve as many significant figures in the coefficients as you can, otherwise imprecise values
will be computed. At least 10-12 digits are strongly recommended.

An equivalent, and a bit numerically more stable calculation method is the following:

double Eff

{
double
double

30.

return

regular stable( double E keV )
LogE = log(E_keV);

LogEff =

6835240174

+LogE* (-46.5504384031
+LogE* (+21.9649579373
+LogE* (-5.14575805865
+LogE* (+0.640226601624
+LogE* (-0.0406273018462
+LogE* (+0.00103266687194))))));
exp ( LogEff );
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8. Spectrum peak evaluator

Spectrum peak evaluator plays a key role in HyperLab, as this module makes it possible to
evaluate your spectra in a visually rich graphical user interface. After you performed a fully
automatic spectrum deconvolution, you can quickly revise the fits visually, and adjust the
problematic regions to your needs with our convenient spectrum manipulation tools.

Peak fitting algorithm

Predecessor of HyperLab's state-of-the-art algorithm was HYPERMET, which was developed
for mainframes by the Naval Research Laboratory in the 1970's (see article in NRL
Memorandum Report 3198, January 1976, G.W. Phillips and K.W. Marlow: Program
HYPERMET for Automatic Analysis of Gamma-Ray Spectra from Germanium Detectors). A
later variant was Hypermet-PC, which was a DOS-based clone for PCs.

HyperLab's automatic deconvolution is completely rewritten from scratch, retaining the
original concepts and eliminating many constraints, limitations and faulty algorithms.

8.1. Control flow of the deconvolution

The new deconvolution algorithm comprises several fine-tuned steps:

e A list of suspected peaks created, based on the FWHM calibration. This is done by
applying a simple, rectangular, convolution-type peak search function.

e Determination of region bounds follows. Regions are consecutive channel ranges, with
one or more peaks, where the measured background may be described by the sum of
HyperLab's various background functions. Regions are determined to be wide enough
for the safe background function determination, but close enough to the peak to prevent
unnecessary overlapping of background with peaks.

e A spectrum deconvolution is performed for the region. Various parameters are fitted in
this step, in order to find the best match between the model function and the measured
counts. The measure of the matching utilizes variances of counts — and possibly the
Westphal-corrected variances in case of Dual LFC measurements. This way the fitted
areas are corrected properly for count losses.

e If the fit is not satisfactory, an iterative refinement process is started, when new peaks
may be added, removed, or the region bounds extended or collapsed. This flexible
automatic self-adjustment makes HyperLab an outstanding deconvolution tool.

e After a best matching deconvolution is found, the final steps follow: elimination of
unnecessary fitted parameters and calculation of peak areas together with their
uncertainties.

e When a region deconvolution is finished, the next region is taken until the end of the
spectrum.

After spectrum fitting, a peak list is presented to the user, together with graphical
representation of the fitted regions.

8.2. Model functions of peak fitting

HyperLab's several model functions together describe the measured counts in gamma spectra
taken with semiconductor detectors. These model functions are originated from their simplified
HYPERMET variants, but re-implemented with up-to-date techniques.
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Model functions may be either peak type functions — Gaussian, Left Skew and Right Skew —, or
background type functions: Polynomial, Step and Tail. Peak functions are summed up, resulting
in the peak areas, which are reported to the spectroscopist. The basic idea behind the
deconvolution is a nonlinear fitting algorithm, which adjust free parameters between well-
defined limits, thus achieving a good agreement between the measured counts and the sum of
all background and all peak functions.

The following sections will describe the individual peak function in greater detail.

8.2.1. Gaussian peak function

The Gaussian component contains the majority of peak counts. This component arises from the
statistical noise which broadens the sharp line response of an ideal detector.

The fitted parameters for Gaussians are the Position, the Amplitude and the Width.

Its counts may be calculated by the following formula at channel x:

(x—Pos)z)

Gaussian= Ampl-exp| —
v p( Width®

where

Ampl:  Amplitude of peak
Pos: Position of the centroid
Width: Peak width parameter, so that FWHM = 2-Width\log(2) or Width = FWHM/1.66

The picture shows a Gaussian with e Position
Position=0, Width=3 and Amplitude=100. In
this case FWHM is 6*Vlog(2).

The X axis depicts channel positions in a
spectrum region (zero selected for the peak
centroid just for convenient display), while

]
Amplitude

the Y axis shows count values.

-3*0.832 3*0.832

Peak width determination variants

Users in HyperLab may choose from two different approaches when determining the width of
the Gaussians in a region.

The first is the Common peak width method,
which is based on gamma spectroscopy

23,000

heuristics, as it fits one common peak
width for each peak within a region. This
model is able to describe the majority of
the spectrum regions.

There are cases, however, when the
Variable peak width method is required: this
fits peak width for each Gaussian

individually. A typiCal example for this S0 S0z sS04 s05  s08 S0 1z 514 S16 518 520 522
case is the extremely broadening 511keV

22,000

21,000

20,000
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annihilation peak, where valuable peaks of various radioisotopes should be separated
automatically from the annihilation peak. See “Peak evaluation algorithm settings window”
for further details.

8.2.2. Left skew peak function

Left skew is a peak function, that is, its integral over the region will be summed to the peak
area. It is introduced because an electron energy shifting occurs regularly towards the lower
energies, due to the incomplete charge collection in the detector crystal.

140} Because it is originated from a convolution
120 of a Gaussian and an exponential, which is
Loo| Leftskew + Gaussian—__ allowed to increase until the Gaussian's

' _ centroid, it is an asymmetric function.

801 Gaussian —_ Therefore when the left skew is added to a

60| Left skew Gaussian peak, it causes slight increase at

the low energy side of the peak.

The fitted parameters for Left skew are the

Left Skew Amplitude (relative to the

T =7 —z 5 = 75 Gaussian's amplitude), and the Left Skew
Slope. The width of the left skew is not

fitted, but assumed to be always equal to the width of the Gaussian. The picture shows a left

skew with Slope=1 and relative Amplitude=0.25. Please note that skew may take part

significantly in the total peak area.

Left skew's counts may be calculated by the following formula at channel x:

401

201

\/; width | x—Pos Width x— Pos
LefiSkew= Ampl- " Width- LSAmpl - + : +
oftSkew = Ampl- == Wi mpl P\ | 5 T sstope |+ LSSiope | 7\ 2-LSSlope T Width
where

LSAmpl:  Left Skew Amplitude relative to that of Gaussian (may vary from 0.0 to 0.75)
LSSlope: ~ Left Skew Slope (0.3 —2.0)

Ampl: Amplitude of Gaussian
Pos: Position of the Gaussian centroid
Width: Gaussian width (Width = FWHM/1.66)

and erfc is the standard complementary error function.

8.2.3. Right skew peak function

Right skew is the third peak function, and its integral will also be summed up to the peak area.
Right skew is not included by HyperLab's predecessors, but it is present in HyperLab to allow
better deconvolution. It may be of great importance, because skewness on the high energy side
of the peak quite frequently occurs in practice (e.g. in short time activation analysis) due to pile-
up effects. Right skew is very similar to Left skew which is at the low-energy side of a Gaussian,
but it is mirrored to that (its flat part is on the high-energy side).
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Because it is originated from a convolution 140
of a Gaussian and an exponential, which 120
decreases starting from the Gaussian's
centroid, it is an asymmetric function.
Therefore when the right skew is added toa gg
Gaussian peak, it causes slight increase at Right skew
the high energy side of the peak.

The fitted parameters for Right skew are the 40
Right Skew Amplitude (relative to the
Gaussian's amplitude), and the Right Skew
Slope. The width of the right skew is not =70 = 5 : 0
fitted, but assumed to be always equal to the

width of the Gaussian. The picture shows a right skew with Slope=1 and relative
Amplitude=0.25.

Right skew's counts may be calculated by the following formula at channel x:

Right skew + Gaussian-

100 Gaussian

20

Width ’ x—Pos Width x—Pos
erfc _

V
RightSkew= Ampl- - Width- RS Ampl - -
ighiskew=Ampt: == MPECXP\| 5 RSSlope | RSSlope | €7\ 2- RSSlope ~ Widih

where

RSAmpl: Right Skew Amplitude relative to that of Gaussian (may vary from 0.0 to 0.75)
RSSlope:  Right Skew Slope (0.3 - 2.0)
Ampl: Amplitude of Gaussian
Pos: Position of the Gaussian centroid
Width: Gaussian width (Width = FWHM/1.66),
and erfc is the standard complementary error function.

8.2.4. Polynomial background function

Polynomial background component is able to characterize the continuous, slowly changing
background under peaks.

It is implemented as a second order Level + S'OF’Q + Curve
polynomial in the region, so constant, n
slanting or curved (parabolic) background
may be modeled with it, freely combining 72 Level -
its counterparts. As a background function, 2 Slope ///
its area will not be summed up to the peak 2.5 >/
area. It may have at most three fitted 0b—""" 7_7/_7
parameters: Level, Slope and Curvature. 5 _""""\1-1_\_‘\
The picture shows a sample polynomial . Curve ‘\\_,\_\\
background with Level=10, Slope=0.5, ““‘\\\
Curve=-0.03 parameters. 0 - 4 6 8 o1z 14
Counts from the polynomial background may be calculated by the following formula at channel
RegionPos:

PolyBkg =Level + Slope- RegionPos+ Curve: RegionPos’
Where
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Channel position within the fitted region (first channel of the region is 0)

RegionPos:

Level: Constant background level

Slope: Background slope (may be positive or negative)
Curve: Background curvature (may be positive or negative)

8.2.5. Step background function

HyperLab also fits regions with sharp background steps under the peaks.
This stepped background accounts for a

120
oo \.\ Compton edge. Steps are fitted by one
_ A \ characteristic parameter, the Step
go| Gaussian + Step ) \ \\ Amplitude, which is relative to the
€0 /’ \\\\ amplitude of the Gaussian.
- ’ \ The picture shows a step with relative
+ Gaussian / \\ Step Amplitude=0.10.
= g 5 10

-10 -5
Step's counts may be calculated by the following formula at channel x:
Step :Ampl~§-Width~STAmpl~erfc( al )

Width

where
STAmpl: Step Amplitude relative to that of Gaussian
Ampl: Amplitude of Gaussian
Width: Gaussian width (Width = FWHM/1.66),

and erfc is the standard complementary error function.

8.2.6. Tail background function
According to the original HYPERMET concept, a slowly decreasing exponential background
tailing component may also be used under the low energy side of the peaks, in order to

compensate detector surface effects.
‘ Nowadays, however, this phenomenon

35
! seems to be less significant with the most
| common detectors, therefore when you

30 ‘”
|
25 JI‘:\" perform a peak evaluation with “Default
20 f.“l‘ settings for moderate count rate, regular
i peaks” configuration, tail will be disabled.
15 ;‘Iw" As tail also descends from a convolution of
10 Gaussian + Tail /{/ Gaussian Tail an exponential and a Gaussian, it is very
: similar to Left skew, but has much less

° —/%_\ intensity and greater slope. Important
. T difference, however is that the tail is
-20 -15 -10 -5 0 5 10 .

component of the background, while skew

is a part of the peak.
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Therefore counts under the skew is added to the peak area, while the area under the tail only
contributes to the sum of background and peak functions, which helps the nonlinear fitter to
match the measured counts. The picture shows the case of Tail Amplitude=0.01 and Tail
Slope=2.5 parameters.

Tail counts may be calculated by the following formula at channel x:

Width ¥ x—Pos Width x— Pos
-erfc

Vr
Tail= Ampl -2~ -Width TLAmpl-
ar=ampl MPTXP\| 2 L Slope | TLSlope | 7\ 2 TLSlope T Width

where
TLAmpl: Tail Amplitude relative to that of Gaussian (may vary from 0 to 0.01)
TLSlope: Tail Slope (2.5 - 50)
Ampl: Amplitude of Gaussian
Pos: Position of the Gaussian centroid
Width: Gaussian width (Width = FWHM/1.66),
and erfc is the standard complementary error function.

Note: If you observe significant scattering of Chi values in the peak fitting residual under the
majority of the singlet peaks, and this may not be resolved by adding new peaks, it is possible
that the background tail component should be enabled. This may be done either by manually
enabling the component in the Peak evaluation algorithm settings window, or selecting another
algorithm setting, where tail has been enabled previously. This is, however, may designate that
your measurement set-up is improperly set or became noisy.

8.3. Starting the spectrum peak evaluator

A short evaluation introduction is provided in the Quick Start Guide for Main Module for the
novice users. The following sections will detail the process of the peak evaluation.
The spectrum peak evaluator may be started in two ways:
e Creating a new peak evaluation entry in the database, which does not contain any fitted
peaks. In this case only the measured counts appear in the peak evaluator window.
e Loading and possibly modifying a previously created peak evaluation entry, with all of
its fitted and stored region and peak parameters. All previously fitted peaks are
immediately displayed in this case.
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8.3.1. Creating a new evaluation

4 HyperLab Main Module - user HLUser4, instance %L on WORKSTATION... [ = | = &= | TO create a new peak evaluation entry and

fe Options e start the Peak evaluator, select your

? Selected item: Measurement
try {7 tasks, 0 sub-it .
oty (7 toskes, 0 subftem) measurement in the database browser tree,
HyperLab databases - Mame: Geoldgiai mintak [13_53.. : : 3
B Databass Huperlabl on AMSSGLHYPERLAB st ot 200y 15,1505 | then click task Create new peak evaluation in
4|7 User projects Firished at: 2006 May 15, 14:0... :
& Tox rished » the Tasks window.

Murnber of peak evaluations: 0

4 HyperLab sample spect . .
2400 Masormonns . Alternatively, you can hit the Enter key,
163 Geoldgial mintak [12_53_31.CHF] Tasks

4] D4 kel 2002, okt 1 [RA370764.DAT Subjitems after you selected the measurement node,
otukl) D4 kal 2002, akt. 1 [MMOT0414.DA] [Z] Create new peak evaluation .
i) D4 kal, 2002, okt 1 [CDO0434.DAT ] Measirement properties {t’) as Enter key will always start the Currently
] D4 kal 2002, okt 1 [C5361474.DAT 1 New Measurement

‘] D4 kal 2002 okt. 1 [AMB03204.DAT ¥ Delete Measuiement entry Selected taSk
-] D4 kal 2002, okt 1 [COS51854.DAT -z Create report . .

i) D4 kal 2002, okt 1 [CO0T0424, DAT & Remove all peak evaluations A window appears now, which lets you
k) D4 kal. 2002, okt, T [EUB0297A.04T || [E] Export into spectium fle . .

) D4 kal. 2002, okt 1 [BAGS2114.DAT create a new peak evaluation entry in the

-] D4 kal, 2002, okt 11CODOT114.041 7
‘ r database.
£} Creating new peak evaluation l=|'@&Esl| The Peak evaluation method list should not
Please set parameters for the new peak evaluation, then click Ok. be modified, as thls iS set according to the
MAME Peak eval of Geoldgiai mintak [13_53 31.CNF]- 14302011 10:02:29 & type Of SpeCtrum entrles belonglng tO the
PEAK. Eval. METHOD | Dual LFC zemicond. det. gamma spectrum evaluation lz‘ measurement.
PE&K EvaL, SETTINGS | Default settings for moderate count rate, regular peaks lz‘

The Peak evaluation settings comprises fine-
tuning options for the peak evaluator's
] Stat peak evaluation modue when | pess Ok algorithm. You can leave defaults in most

Qx| Qo | | cases but if you regularly perform the

MEASUREMENT Geoldgial mintak [13_53_31.CNF]

evaluation with non-default parameters
(e.g. with enabled Tuail peak component), you may select different options here.

See more details in sections “Peak evaluation algorithm settings window” and “Model
functions of peak fitting”.

8.3.2. Loading a previously created peak evaluation

HyperLab stores peak evaluation details in its databases, together with the spectrum entries.
5 HyperLab Main Madule - user HLUser4, instance #1 on WORKSTATIONY/... | = || = |25 | To load and possib]y modjfy a previously

File Options  Help

S R e created peak evaluation entry, open the
? evaluation entry (7 tasks, 0 . .
FEE node of the proper measurement by clicking
srLab databases - Narne: Peak eval of Geoldgi .
Database HypetLabl on \MSSOLHYPERLAR Lt mocifed ot 1t .| onL the [+] sign, and select the proper peak
3 User projects Last modified by: Database a. . .
23 HopaLa e oacts Nute st 0| €valuation node beneath it.
4 - i) Measurements ; .
4.1 Geolégiimintk (1352 31 CNF] | aelo =% | Now the peak evaluator window appears. It
: Peak eval. of Gealdgiai mintak [13_53 31 Max peak area: 1012241 ,11 . 11 11
© b ] Speota will contain spectrum counts, as well as a
i) D4 kal. 2002 okt 1 [RA370768.DAT] Task 5 . . i
40 D4 kal. 2002 okt 1 [MNTT0418.D4T] :TD | bdeme previously fitted regions and peaks.
i) D4 ksl 2002, okt 1 [CD010434 DAT] = -per i pedh evauail
i) D kal. 2002, okt 1 [C5961474.DAT] (=] Create new peak evaluation
oo lug) D4 kal. 2002, okt 1 [4MB03204.DAT] Peak evaluation properties
»lail) D4 kal. 2002, okt 1 [COB51854 DAT] X Delete Peak svaluation entry
»otu) D4 kal 2002, okt 1 [CO010424 DAT] [Z] Create repart of fiting detalls
-ail) D4 kal 2002, okt 1 [EUB02974 DAT] [E]Make a clone
-l D4 kal. 2002, okt 1 [BABS2114.DATI T || &2 Create repart
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8.3.3. Automatically loaded entries

After creating a new evaluation, or selecting an existing one, the spectrum peak evaluator
window appears. HyperLab now loads all necessary entries of the peak evaluation from the
database:
e the measurement entry;
e its spectrum entries (e.g. a Normal and an LFC-corrected spectrum part in case of Dual
LFC measurements);
latest FWHM calibration for the spectrum entries;
latest energy calibration for the spectrum entries, together with nonlinearity calibration,
if that is selected by the user on the Energy calibration editor window;
e detector efficiency curve for the measurement setup, if existing. This may be used for
efficiency-corrected peak area calculations in the output reports.

Usage of latest FWHM and energy calibrations

Although you can save several independent peak evaluations for a specific measurement, when
you re-load them later, the latest FWHM and energy calibration will be loaded. If you have
modified these calibrations in the meantime, saving of the peak list may result in slightly
different peak positions or peak fits. This way the exact reproduction of previous fitting results
also requires the restoring of previous calibrations.

Ensuring automatic loading of the efficiency curve

HyperLab is able to automatically determine which detector efficiency curve belongs to a
particular measurement. If such an efficiency curve is found, it will be automatically loaded by
the peak evaluator, and efficiency corrected peak list reports may be generated.

To check if the efficiency analysis is successfully loaded, change to the Messages panel after you
started the peak evaluator, and search for a message about the status of the efficiency loading.
In order to ensure the automatic determination of the efficiency curve belonging to a specific
measurement, you must perform the following two steps before starting the peak evaluator.

e Create a quality efficiency curve, where the relative uncertainty of the full-energy
absolute detector efficiency is around the precision of your calibrated radioactive
sources. For example, if you have taken measurements of absolutely calibrated
radioactive sources with 1-2% activity uncertainty, then the efficiency value calculated
from the efficiency curve is also expected to have 1-2% uncertainty. Store this efficiency
analysis into your database.

e Assign the efficiency analysis to the measurement setup entry where the measurements
were taken. Do not forget to set the validity start date. HyperLab will automatically use
this efficiency calibration for all the measurements, which were taken after this validity
date (and before the validity start date of the next assigned efficiency curve). When
multiple efficiency curves are assigned to the same measurement setup, their validity
start dates will determine the one to be applied for a specific acquisition.

Creating reports with efficiency corrected peak areas

Saving of efficiency-corrected peak areas may be achieved in several ways:
e Select the File / Create report menu item, and select a report template where the
description of the report shows “efficiency correction”.
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e Select File / Export to CSV file menu item, and you will get a report which can be
immediately loaded into a spreadsheet application.
The reports will contain the efficiency value at the energy of the peak centroid, relative
uncertainty of the efficiency, as well as the efficiency corrected peak area together with its
uncertainty (combined from the uncertainty of the peak area and the uncertainty of the
efficiency curve at the centroid).

8.4. Basic parts of the evaluator window

The peak evaluator window is comprised of several re-sizable parts.

4 Spectrum peak evaluator - Geoldgiai mintsk [13_53_31.CNF] oo =) The center Of the Wil’ldOW is occupied
Fils Edit View Calibrations Fit Options Muclide [dent. Help
W9~ -8 QI8[Q I8 Kooty - Yoo |- B - W~ A~ by the spectrum window [1] and the
Spectm | Peak detais | Messages | Nuside Id| . . :
1.~ 8 residual window [2]. The residual
o - window  displays the difference
a [
sooft . = between the measured counts and the
300 T e o s Y fitted peak curves.
R ¥ . . .
a0 G A fit detail panel [3] is placed on the
212223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 35 39 40 41 42 43 44 45 46 47 48 right, While a fit fine tuning toolbar [4]
and a navigating toolbar [5] is at the
bottom. A main toolbar [6] is at the top
) i i s .
B > - e o 01| Of the window.

Rt List of fitted peaks is displayed under

000 3949
[l

7,000

o

the Peak details tab.

8.4.1. Elements of the spectrum window

Spectrum window displays spectrum and peak evaluation information graphically.

- This section describes static display
elements as well as dynamic display
5.0-32801.7) . .
; elements, which also provide controls for

15,000 quick fit manipulation.
Spectrum window is basically an X-Y
chart, which depicts spectrum details on

14,000 a counts versus energy scale.

25 26 27 28 29 30 3 32 33

Horizontal axis of spectrum chart

Unit of horizontal axis of the spectrum chart may be either channel or keV, while its scale is
always linear. Toggling between these units may be accomplished in several ways:

e C(licking on the “keV” or “ch” label on the navigating toolbar.

e Selecting the proper unit from the main toolbar's “X unit” drop-down list.

e Selecting View / Energy scale for positions menu.

e DPressing Ctrl-N keys simultaneously.
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Vertical axis of spectrum chart

The unit of the vertical axis of the spectrum chart is always count, but its scale may be either
linear or logarithmic. Toggling between these scaling modes may be initiated in several ways:
e Selecting the proper scaling from the main toolbar's “Y scale” drop-down list.
e Selecting View / Logarithmic scale for counts menu.
e Pressing Ctrl-L keys simultaneously.

Other axis settings (grids, tick marks etc.) temporarily may be set by selecting Edit / Edit fit
chart menu, and selecting Chart / Axis tabs, then Left Axis item from the list. This may be helpful
e.g. when special screen capture is needed.

Spectrum counts

At most three kinds of counts may be displayed in the spectrum window:

e Counts to be fitted as black squares. These are either uncorrected counts (in case of
regular gamma spectra), or loss-corrected counts (in case of some Loss Free Counting
method), created by some kind of compensation electronics.

e Uncorrected variances as gray diamonds, as found in the original spectrum file. These
values hold information about uncertainties for each channel of the measured counts.
For regular gamma spectra, the values are almost identical with the counts to be fitted
(only a small correction is applied for very low counts). In case of Loss Free Counting
methods, these are from the Dual LFC spectra's uncorrected half (e.g. for Canbera's
spectra), or from a special compensated spectrum half (e.g. “ERR” spectrum half for
Ortec's ERR-ZDT spectra).

e Count variances as gray squares. These values are computed by HyperLab, possibly by
applying Westphal-correction on original variance values. This is required in some cases
because the loss-corrected counts have greater statistical variance than the non-corrected
ones. As HyperLab fits the corrected counts by its peak functions, proper uncertainties
are required during the fit.

For everyday purposes, it is necessary only to display the counts to be fitted, and the other
counts are just for checking the details when you are interested in finer details. To switch off
displaying the count variances, select View / Chart Details menu, then remove check marks
beside Count variances and Uncorrected count variances menu items.

Suspected peaks

Please note the red triangles in the spectrum 1§§§§§

window: these are the suspected peaks, whose 223222 2

position is determined by the help of the current s 55 o

FWHM calibration before the deconvolution. The = *** - :u T

peak search is performed by a zero-area square oo S LT e

wave convolution. The final spectrum 2000 - qm 90O . o -
deconvolution will use these suspected peaks as i ) e “DDDD%DDDD
an initial estimation of peak positions, when the

58 59 B0 61 62 63 64 B 66 67 63 69 O T1 72 T3 T4

fit model is determined.
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The list of suspected peaks is always re-generated when you change the FWHM calibration.
The suspected peaks are replaced by the fitted peaks after a spectrum deconvolution.
Sometimes the suspected peaks remain in the spectrum window, even after a whole-spectrum
automatic fit. This is because sometimes the peak search algorithm finds spurious peaks, which
are not replaced with real fitted peaks by the peak deconvolution algorithm.

Left and right fitting threshold markers

When a spectrum is loaded into the spectrum peak evaluator, a left and a right channel
threshold value is detected automatically.

The limits are designated by a framed
EI|:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:| blue 'X' inti ich d d
R pointing rightwards an
o leftwards.
. The peak search algorithm will locate
100 suspected peaks only between these

outer values. In most cases, this
automatic threshold determination
works well, but a manual adjustment
oipoao may be necessary in some very special

70 3 &0 &5 ] 95 100 cases.
If adjustment is needed, just click on

the blue sign and drag it to its new position.

Plot of deconvoluted regions

After spectrum deconvolution is performed, fitted regions will be displayed.

The sum of background functions (2™
order polynomial background, step,
tail) is drawn by green, while the sum

16,000

15,000
of peak functions (Gaussian, left and

right skew) and the background will be
1 plotted by red color. The peak
functions of the individual peaks are
plotted by blue lines, in order to depict
12,000 (2] finer details within closely joined

345 380 355 360 365 370 37S 380 385 390 395 400 405 multiplets. Peak labels are displayed
under the peaks with their serial

14,000

13,000

347 - 404 (1.1)
= L

numbers, while region labels contain basic region information (region bounds and the reduced
Chi-squared) at the beginning of the regions. These displayed items may also be configured
through View / Chart details menu.

If you want to quickly adjust the plot to a specific fitted region, just left-click over it, and the
spectrum chart will be immediately updated, zooming to the clicked region.

Left and right region bound marker arrows

At the beginning and the end of the plot of regions two blue arrows are displayed, which point
towards the center of the region. If a region bound adjustment is needed, simply click and drag
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the proper arrow to its new place. After releasing the mouse button, an automatic fit takes place
with the new bounds, and the new fit will be displayed.

Context-sensitive menu for fitted regions

When you right-click over a fitted region by the mouse, a context menu appears.

Its Region info menu item provides you a
quick access to the details of the region fit.
The other menu items allow a one-click

£,000 Region info...

5,000 Drap Background curve I,}

ciye . . Drap Background slope
fitting model manipulation, as the 4,000 pEaca :

Add Back 15t
background and the peak skew fitting e nenatone =ep

Add Background Tail

’ .. 3,000
function components may be eliminated '
. . . Add Left Sk
with them. This tool may lead to a trial-and- aanEm e
. . Add Right Skew =
error refinement method, but it can be 2,000
Surprisingly effective on typlcal mlsflt 480 452 484 ABE 488 490 492

situations.
If the region fit becomes significantly worse after dropping a component, just press Undo
button on the main toolbar, and the previous fitting model will be immediately restored.

8.4.2. Elements of the residual window

The residual window displays the difference between the measured counts and the de-
convoluted peak curves. It is placed beneath the spectrum window, and its X axis is always
adjusted according to that.

The chart shows the difference between
the measured and the fitted value for

16,000

each measured value with filled green
squares, in standard deviation units. If
this value is positive, then the measured AR
count value is greater than its matching

15,000

fitted count. 13,000

Due to the statistical nature of the mea-

sured counts, we never expect a perfect 12,000

matching between measured and fitted 345 350 355 360 365 370 375 360 365 390 395 400 405
counts. Chi value is the ideal measure of —_——————————————
the difference, because it takes into 7] I— B . ';"-:' e
consideration the statistical variance of 1 --.r.-:-'-.,--. ------ . :--'-'----':-'-'-_-!-'--'---' ------------ = LI
each measured count value, thus shows 2 —— S SE—

the significance of the difference, instead

of its absolute value. On the chart, the Chi=1 limit is designated by a green dashed line, while a
red dashed line shows the Chi=3 limit.

As a rule of thumb, if the absolute value of the difference is less than 1, it is considered not
significant (no further improvement is required). On the other hand, if it is greater than 3, it is
highly improbable that the difference is purely from the statistical scattering of counts, and
closer inspection is needed in the vicinity of that channel.

The normalized sum of squared Chi values gives the Normalized Chi-Squared value (RXSQ,
Reduced Chi-squared, x?), which describes the quality of the fit for a whole region, and
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displayed in the region label at the first channel of the region. If RXSQ is significantly higher
than 1.0, a manual refinement of the region fit is advisable.

8.4.3. Elements of the fit detail panel

The fit detail panel contains multiple tabs, which may be used to display or edit details of
regions, peaks, fitted parameters or the fit history.

Region list tab

The region list tab contains all the fitted regions of the loaded measurement.

! . . . . .
g [ L= The list contains the boundaries of the regions, as well as their Redu-
25433 8keV AXS0-23  « .
34.6-44.3 ke, AX30=1.7 ced Chi-Squared value.
| 42,8450 keV, RX50=36 If this value is greater than 3, a red exclamation mark is placed beside
47.872.1 keV, AX30=18 . . . . )
70,2797 keV. RHS0=1.7 the region, thereby designating problematic areas in the mea-

73.7-31.3 ke, AX30=1.1
83.4108.0 ke, RXS0=2.1
10481131 ke, Rx50=1.2 be displayed in the spectrum window, and a manual refinement may
ME4127.2keV, AXS0=09

surement. If you click on a region in this list, the selected region will

be performed.

Peak list tab
The region list tab contains the fitted peaks which found in the spectrum.
A | [% The row contains basic information about fitted peaks (position or
B PeslkeVl  Aea  “ energy, area and its relative uncertainty). As the peaks belong to
1 33;333 13?13 different consecutive regions, it is advantageous to group them by
U Aloge 263 their regions by utilizing alternating background coloring of the
f ﬂg;gg 123122 rows. Active region's peaks are displayed with another different
o T background color. If you click on a peak on this list, the selected
2 513.447 s _ peak's region will be displayed in the spectrum window, and a
) E—— "7+ manual refinement may be performed.

Fit refiner tab

For advanced users, sometimes the versatile refinement tools — provided on the fine tuning
toolbar — are not enough, and unconditional access is needed to the region parameters.

A A 1™ B The fit refiner tab may serve this purpose, as it allows enabling and
2053-2132 ch, RXS0: 0.8 . . . oy .
Common FWHM .| disabling, as well as direct editing of fitted parameters.

D etermination Fitted
Fwhm 4723
Peak #1

Position determ. Fitted

m

When you modified a parameter value, and move the cursor to
another field, the new model will be immediately drawn in the

e o spectrum window with different colors.
prpids ST If you want to reset the parameters to their initial value, just click on
fohw 4508 the original region in the spectrum window: all parameters will be
Ai— . | restored.

[ & set [ ™ setag ] = Mnima

Une.

The Set button will keep the edited values, so these manually edited parameters will be stored
and used during reporting. The Set & fit button uses the hand-modified parameters only as an
initial estimation, and performs a fit from that initial model.
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The Min/max check box toggles the visibility of parameters' minimum and maximum boundary
values. This may be very useful in case of misfits to decide if the problem is because
parameters are at their boundary (e.g. when a faulty FWHM calibration may not even result a
proper peak width). The Unc. (uncertainty) check box displays the read-only uncertainty fields
for each parameter, therefore makes it possible to quickly check whether a parameter is
meaningful or not.

Fit history tab

The fit history tab is for advanced users only: it contains all estimated and fitted models for all
regions. This is mainly for error tracking purposes, as it may provide information on how the
fitting algorithm successively approximated the optimum solution.

8.4.4. Elements of the peak list panel

The peak list panel contains most important details about the suspected and fitted peaks.

Spectum | Peak details | Messages | Nuclide 1d

The list contains Gaussian centroid

L. . . . Pos[ch)  Posunc. [ch)  E [keV] E unc. (keV] Arealcnt]  Areauncont] Areaunc. & FwHM [ch)  *
position, its absolute uncertainty, its e 0 mme 07006 549 s 29
X . 147.973 0284 399837 06554 13789 40z zax 34
energy value together with uncertalnty, 154.202 0571 416839 0.6EES 30 23 ®0% 34
167.693 0055 45,3083 06431 2700 409 47% 35
pe ak area with absolute and relative 172me 0157 464745 16426 215 296 Bax a5
184,037 0136 497199 06375 4093 28 a0z 27
: : : 197.702 0110 507099 06357 9964 560 5% 27
uncertalntY’ fitted FWHM value and its 134259 n1sn 52 4802 1F344 247 247 nix 27
. 2nn149 nis7 R4 NFnd nRM4 Kerrd Er.:] a7 7 A%
uncertainty. ‘ ;

If efficiency calibration could be loaded automatically, then additional columns detail the
efficiency value at the energy of the peak centroid, and relative uncertainty of the efficiency, as
well as the efficiency corrected peak area together with its uncertainty (combined from the
uncertainty of the peak area and the uncertainty of the efficiency curve at the centroid).

By clicking the Show selected peak button, the spectrum window appears, locating the spectrum
region of the selected peak.

8.4.5. Elements of the fit fine tuning toolbar

There are several tools on the Fine tuning toolbar to modify a region's automatic deconvolution.

.-I'IJl Re-fits the clicked region. Rarely used, only if you suspect that a sub-optimal
(unstable) fit is found, where the optimum solution changes when you
repeatedly fit the region.

'ﬂ_.!. Re-fits the clicked region with automatic peak insertion. Used when a sub-
optimal fit is found with a missing peak, but the position of the missing peak is
uncertain, and you want to delegate the job of peak position determination to
the fitting algorithm.

"_l-l Inserts a peak into the region, at the clicked position. Used when a sub-optimal
fit is found with a missing peak, and the position of the missing peak is
suspected by the user.

:‘l Deletes a peak from the region, which is located at the clicked position.

-':.'-E'. Deletes the clicked region with all of its peaks.

f Splits a region at the clicked position into two half regions.
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.f.l!. Merges two or more regions. To use this tool, click over the first region and
drag the mouse cursor to the last region to be merged (do not release the
mouse button).

If you have pressed a toolbutton, but it turns out that the fine-tuning is not necessary, just press
Esc key to leave the selected working mode.

8.4.6. Elements of the navigating toolbar

Several methods may be used to quickly select a specific region in the Spectrum evaluator. The
fastest region and spectrum navigation may be achieved by the Navigation toolbar, which is
located at the bottom of the spectrum peak evaluator.

i Previous region button: jumps to previous fitted region.

> Next region button: jumps to next fitted region. To revise fitted
regions one after the other, click this button repeatedly.
Alternatively, you can hit the + key on your keyboard.

b * Scroll bar: scrolls to any spectrum region.

hmpte 555 E[wey| Position edit box, Jump button, X axis unit changer: quick location of
a specific spectrum portion is achievable by using these
positioning tools. Click the unit changer (labeled with “keV” or
“ch”) in order to toggle the unit of positioning between channel
and energy, then enter the new position, and hit Enter key or
click the green jump button to display the spectrum part around
the entered position.

If you hit the Home key, the beginning of the spectrum will be displayed, while pressing the
End key shows the last valuable channels.

8.5. Performing spectrum deconvolution

HyperLab's spectrum deconvolution processes the measured single pulse-height gamma
spectrum, or two spectrum halves in case of Dual LFC corrected measurement, and produces a
peak list for further evaluation. See further details in section “Model functions of peak fitting”.

8.5.1. Performing automatic peak fit

The first step of the deconvolution is to locate the non-background regions of the spectrum,
where peaks may occur. This is done by a peak search algorithm, which requires at least a
rough FWHM calibration (Full Width at Half Maximum) for its convolution function to work.

At least an approximate energy calibration is also necessary, because HyperLab switches to
Variable peak width method in the vicinity of the 511keV annihilation peak — and naturally for
calculating exact peak positions in energy units.

Therefore it is always advisable to check the validity of the calibrations before the
deconvolution process.

Checking the FWHM calibration

To display current FWHM calibration, select the Calibration / FWHM calibration menu item.
Now the FWHM calibration editor window appears.
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For a quick calibration check, click Chart tab at the top.

The currently used FWHM calibration R T L
curve is displayed here together with filled e [T N I 1 N R MO B
green squares as FWHM calibration points.
HyperLab also estimates the width of the
suspected peaks, and displays these values
as gray crosses. S T RO VO N NSO OO MOV OO WOUO VOO
The figure shows a case when the FWHM T owm m w om0 ko o oW ;e zms
is totally mis-calibrated: it is too high at

low energy values, and too low at high energies. You can easily add proper calibration points
by clicking on a gray cross, and then on the Add button. The unnecessary point also may be
deleted under the tab Calibration points and function.

For detailed description of the FWHM editor window, see section “FWHM calibration editor”.

Funim value [kev]

In case of proper FWHM calibration the ]
majority of the suspected peaks' estimated
FWHM value is in the neighborhood of the
calibration curve.

Please note that large deviations may occur il : e
before the deconvolution, even for valid T e T A T T
calibration, as peaks' FWHM values are

just rough estimations and not fitted values at this time.
Much better agreement is expected after a successful fit, when FWHM values of the fitted
peaks are displayed with gray triangles.

Fwhm value [ch]

Position [ch)

Checking Energy calibration

Exact energy calibration is important for sophisticated tasks, like isotope identification.
However, when only a quick peak list is required for well-known isotopes, a rough energy
calibration is enough before fit.

Your energy calibration is proper for fitting if the annihilation peak is in the 509 — 513 keV
range. Otherwise select Calibration / Energy calibration menu item, and edit the calibration
points' position or energy values in order to correct them.

See further details in section “Energy calibration editor”.

Please note that a finer energy calibration may only be constructed when the fit is completed,
because exact, fitted peak centroid positions will be then only available.

Starting the automatic peak fit

» Click the Autofit button or select Fit / Start automatic fitting menu item to initiate a
fit for the whole spectrum. A progress window is displayed during the fit, listing
the problematic regions, where the Reduced Chi-squared of the fit exceeds the
value of 3.0.

After the automatic fit is completed, the counts of the first fitted spectrum region is displayed,
along with the fitted curves. The list of the regions is also refreshed on the right, with red
exclamation marks beside the problematic regions.
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It is advisable to always revise all of the regions at least once, because sometimes unphysical fits
provide you a region fit with satisfactory Chi-squared, but the fit may be improved further by a
trained spectroscopist. To revise the regions, use the double-arrow button on the navigation
toolbar repeatedly, in order to walk through all of the fitted regions.

8.5.2. Manual fit refinements

Although HyperLab has an outstanding quality automatic deconvolution algorithm, it
sometimes results in sub-optimal region fits.
This may be due to several reasons:
e it may signal a problem with the quality of the measurement system (noisy amplifiers,
improper pole-zero settings etc);
e miscalibration of the FWHM values;
e lack of a well-defined background (this may be the case when extremely complicated
multiplets fitted, and no relevant background information is available);
e and naturally minor imperfections in HyperLab's complex fitting algorithm.

The following sections deal with the most frequently occurring bugs and their suggested
correction methods.
8.5.3. Refinement: merging of improperly split regions

Sometimes HyperLab fails at the difficult task of region bound determination.
193000 This may result in improperly split regions,

90,000
80,000
70,000

60,000

especially when a multitude of peaks are involved
in the fit, which are packed together very closely. In
this case the fitter algorithm tries to choose a proper

50,000

40,000

30,000

cutting point, and it determines it between two
close peaks.

_ The best tool to eliminate this faulty behavior is the
S ——w A== = region merge tool.

The figure shows two such regions at channel 230.

B0l
230 - 330 (12.0)

20,000 {215 - 230 (1.4

0 0 CrEBe e

To perform the region merge:
1. Click on the Region merge tool on the fit refinement toolbar;
2. click over the first region, and keep the left mouse button
pressed;
3. drag the mouse cursor over the second region;
4. release the mouse button.

to0ems HyperLab joins the two split regions now, refits
f them and displays the result.
As you can see, the low-energy side of the region

80,000
70,000
£0,000

50,000

40,000

also has been moved, in order to find a more stable
region background.

The reduced Chi-squared indicates another serious
problem, so the peaks rightwards requires a closer
inspection.

30,000

20,000

=+ o o

pooo

210 215 220 225 230 235 240 245 250
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8.5.4. Refinement: splitting of improperly merged regions

Sometimes HyperLab tries to join peaks into one common region, when the background
characteristics are not the same under the peaks.
In this case it is advisable to split the region zm

22,000

into two or more distinct regions. 2100
The figure shows a region, where a split is s
suggested at channel 138, because the type of o0
the background drastically changes at this 12223
point. g
The best tool to eliminate this faulty behavior is o ; .

the region Splitter tOOl. 135 125 130 132 134 136 136 140 142 144 146 148 150

To perform the region splitting:
1. Click on the Region merge tool on the fit refinement toolbar;
2. click over the first region, and keep the left mouse button
pressed;
3. drag the mouse cursor over the second region;
4. release the mouse button.

HyperLab splits the region now into two halves, xm

refits them and displays the result. i

20,000

The figure shows the new region bounds around ..
channel 138. Please note that a curved background "

17,000

chosen in the first region, while a stepped one in the o

second region, therefore the overall Chi-squared =
. 14,000 Tult Lete  p s

became better, and the residual changed to a o -

SmOOther one. 124 136 138 130 13z 134 136 136 140 14z 144 146
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o Please take a closer look at the splitting position

22,000

21,000

(use the Zoom in tool at the main toolbar). You can
see that HyperLab has automatically created
overlapping region bounds, thus the fit stability has
been greatly increased.

20,000
19,000
18,000

17,000

.
16,000 = a
e e

15,000

14,000

8.5.5. Refinement: Missing peaks

When automatic deconvolution determines that the quality of a region fit is not satisfactory, it
tries to insert several new peaks into the region, one after the other. This automatic peak where
insertion process is stopped when the quality of the fit may not be further improved.

The basis of the peak insertion is the residual, the
titting algorithm seeks for typical shapes of peaks

40,000

30,000

and double peaks.

Sometimes this automatic peak insertion is not
successful because in complex multiplets the
insertion of a new peak does not always reduce
immediately the fit's Chi-squared value.

In these cases a significant difference is shown in
the residual window, requiring manual inserting of
peaks.

20,000

You can choose from two peak inserting tools in this case.

.-'_'I! “Refit with auto peak insertion” tool performs a re-fit of the clicked region with a
newly added peak, whose position is determined automatically by HyperLab. It is
possible that this tool does not result is inserting a new pealk, if the fit became worse
than before. In this case only manually forced peak insertion may help.

'Z-"l “Manual peak insertion” tool requires you to click at a specific channel where the new
peak should be inserted. HyperLab always tries to keep your new peak, even if the fit
became worse than before. There is one case, however, when even manual peak
addition is canceled: if the peak proves to be non-significant after the re-fit, that is, its
amplitude is too small in absolute value; too small compared to the background or to
the amplitude uncertainty; or the peak slips too close to another peak.
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After clicking at channel 277 with the manual peak 000
insertion tool, a new peak is inserted there and a re-

fit is performed. The manually specified peak o
position is not hold fixed, but fitted by HyperLab's
nonlinear minimizer in the usual way.

Please note that the residual has become

significantly smoother, and the peaks have

20,000

disappeared from it — but a closer look may reveal
that possibly another peak may be added at channel
291.

BRo N oA
1 3

Several peaks also may be inserted in one-step: hold down the Ctrl key, when you click over
the channel where the first peak must be added; repeat this Ctrl-click wherever the insertion of
peaks may be required, then finish the multiple selection over the last peak without the Ctrl
key. After the last click, all the selected peaks will be added to the model, and it is re-fitted.

8.5.6. Refinement: adjusting improper region bounds

There may be several cases, when HyperLab's default region bound determination is
considered sub-optimal by the spectroscopist.

The figure depicts a well-fitted peak, but HyperLab  om
did not notice the change in background type after
channel 305. The residual and the high Chi-squared

value (3.1) designates the possible problem with the e
fit.

00 omeg

If you take a closer look at the background, you can ‘
observe the sharp changing at the right side. The 100 & erreanscesdoq
modification of the background boundary is sugges- wooom om wm W W e
ted in this case, so let us try to move the right region 2

boundary leftwards.

Click on the blue arrow at the right boundary of the fitted region,
and drag it to its new position, e.g. to channel 305.

When you release the mouse button, HyperLab modifies the fit
model, performs a refit and displays the new region.

The region's right bound has changed, and also a
different background function is used. The improved
Chi-squared value shows the better fit.

If you look at the left side of the region, you will
notice that the same problem of changing

On

100,000,

10,000

background may occur there, so it is worth a try
moving the left region limit to channel 288. 100 LETTEET
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After that change, the Chi-squared may be even lower, and non-random tendencies will
mostly disappear from the residual.

If you are not satisfied with the results, just click the Undo button, and your previous fit will be
restored.

8.5.7. Refinement: dropping unnecessary peak parameters

After HyperLab found an optimum model for the fitting problem, it eliminates unnecessary
(insignificant) fitting parameters. Basis of the elimination may be too small value, too small
value compared to its uncertainty etc.

Spectrum | Peak details | Messages | Muclide |d

Sometimes this logic does not drop parameters

L Region nfo-. which are unnecessary for a good fit, and user

- . I+ intervention will be required — or simply two
ﬁ:: E:j: :‘I" models fit well to a specific region, and the

4900 e Lt Shew spectroscopist would choose a model which was
ARt Shen not preferred by the automatic fitter.

5000 The figure shows a region where the algorithm

chooses a significant step for the background, but
e e o o oo e Onecansuspect that another model without a
5 Ooo 5 o Ja! .
- o o step would also fit well to the measured counts.

7w am aie e a0 @ s e o as e @ 4]0 eliminate the step parameter from the region's
fitted model, right-click the region. A popup
menu appears now, providing the parameters that may be eliminated. Choose Drop
Background Step menu item.

Spectrum | Peak details | Messages | Muclide |d

HyperLab now eliminates the step, refits the

som region and displays the new fit.

s The Chi-squared value increased (from 1.1 to
1.3), showing why the automatic fitter inserted

4om the step previously.

. E o og o © o .

475 475 477 473 479 480 481 4562 463 454 485 4566 487 4560 439
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8.5.8. Refinement: manual modifying of the fit model

This example shows manual modifying of the fit model by utilizing the fit refiner tab.

This alumina spectrum has a region
where HyperLab fitted a background
curve (2™ order member of the back-
ground polynomial), and completely
eliminated the slope (1* order member).
If you are curious if the fitted curve is
necessary, or it may be replaced by a
slope, follow the steps below:

e switch to the fit refiner tab,

e change Bkg curvature to “disabled”;

e change Bkg slope to “enabled”;

e click Set & fit button.

When you manually modify a parameter
of the fitted region (and change to
another editor field), HyperLab
automatically displays the new model
with a different color scheme. This way
you can immediately check the new
model. This is, however, only a visual
representation, and the entered data is
not used elsewhere until you click one of
the Set or Set & fit buttons.

As a new fit is required now, the Set & fit
button should be clicked, therefore the
manually set values are used only as an
initial estimate for the fit.

After the fit, the new model is displayed
with a background slope instead of a
curve. Chi-squared changed from 1.8 to
4.3, so in this case the experiment
showed that the slope is a worse
parameter to fit the background than the
curve.

Click Undo button to restore the
previous fit now.

=1 E3
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8.6. Peak evaluation algorithm settings window

This form contains all settings required to tailor the peak evaluation algorithm to your needs. It
is available either from the database record editor of the peak evaluation algorithm setting
records, or from the peak evaluation module. Use the tabs at the top of the form to switch to a
specific settings category. About peak fitting functions, see “Model functions of peak fitting”.

8.6.1. Generic tab

ﬁ’ﬂ Pealk evaluatian algarithm settings EI@
Generic | Backaround | Peak width | Peak skewness | Advanced
Peak search thresholds
For spectrum peaks: 3 sigma
For tesidual peaks: 3 sigma
Region bound determination
Max Mo, of initial peaks: 10
Region extending for peaks: 3.5 % FHM
Region bound extending for blg: 1.25 « Fu/HM

Automatic peak insertion
/| Enable autamatic peak insertion during refit
ax peak insertion tials: 9
Mirimum peak amplitude: 5 counts
Peak insertion RS0 limit: 0.5
Automatic curve, tail, step disabling
V| Disable curve, tail and step for 'small peak-only' regions
Small peak amplitude limit: 500 counts
Evaluation cut-off
Shart evaluation from: 0 ket

Mote: this is & global setting [applies to each algorithm settings entry).

| @ Hep || @ ok H Q Cancel |

The generic tab contains most commonly changed generic evaluation algorithm settings.

Peak search thresholds

For spectrum peaks
Peak search sensitivity within the spectrum. Default value is 3.0.
For residual peaks

Peak search sensitivity within the residual. Default value is 3.0.

Region bound determination

Max No. of initial peaks
Contains the upper limit for the number of peaks used to set up an initial region for the fit.
Default value is 10.

Region extending for peaks
Region bound limits where peaks merged into an initial region. Expressed as a multiplier for
current FWHM. Default is 10.

Region bound extending for kg
Left and right wing for region, used for background determination. Expressed as a multiplier
for current FWHM. Default value is 1.25.

Automatic peak insertion

Enable automatic peak insertion during refit
Determines if peak evaluator will try to improve the fit automatically by inserting new peaks
to the region's most probable locations and run a refit. Default value is Enabled.
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Max peak insertion trials
Maximum number of peak insertion trials. Default value is 10.
Minimum peak amplitude
No fitted peak amplitude is allowed to be less than this value (in counts). Default value is 5.0

counts.
Peak insertion RXSQ limit
Lowest reduced Chi-squared value for the fit when refit takes place. Default value is 0.5.

Automatic curve, tail, step disabling

Disable curve, tail and step for 'small peak-only' regions
Disables unnecessary peak parameters in case of regions where only small peaks may be
found. Default value is Enabled (that is, disabling is in effect).

Small peak amplitude limit
Maximum peak amplitude where a peak is considered to be 'small'. Default value is 500

counts.

Evaluation cut-off

Start evaluation from
Minimum peak evaluation energy value in keV, where the automatic evaluation starts. Helps
to get rid of disturbed low-energy regions for routine evaluations.

8.6.2. Background tab

The background tab contains settings for background components under regions.

5'(_5;‘ Peak evaluation algorithm settings E@
Generic | Backaround | Peak width | Peak skewness | Advanced
Palynamial backgraund compaonents
/| Backgiound level enabled
V| Background slope enabled
/| Backgiound curvature enabled
Background step
/| Backgiound step enabled
Background tail [under low-energy side of peaks|
Background tail enabled
T ail amplitude [rel. to peak amplitude]
Mirumum:  1E-10 Maximum: 0.01
Tail slope [actual value)

Minimum: 2.5 Madmurn: 50 Init. value: 275

‘ @ Heb || @ ok H € Cancel |

It affects the the polynomial background, the step under peak centroid as well as the long
background tail on the low-energy side of the peaks.
Polynomial background components

Background level enabled
Zeroth order component of polynomial background function. Almost always fitted. Default

value is Enabled.
Background slope enabled
First order component of polynomial background function. Default value is Enabled.
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Background curvature enabled
Second order component of polynomial background function. Default value is Enabled.

Background step

Background step enabled

Step function which jumps under the peak centroid. Default value is Enabled.

Background tail

Background tail enabled
If enabled, peak evaluator tries to fit a long, skewed background function under the low
energy side of the peak, which also contributes to the fit also far away from the peak
centroid. As this phenomenon is observable mainly for older detectors only, it is disabled by
default. The bigger is the tail, the less is the area of the peaks in the region. Default value is
Disabled.

Tail amplitude minimum

Lower limit of tail amplitude, relative to peak amplitude. Default value is 1e-10; should not
be less than this value.

Tail amplitude maximum
Upper limit of tail amplitude, relative to peak amplitude. Default value is 0.015; should not
be higher than this value.

Tail slope minimum
Lower limit of tail slope. Default value is 2.5; should not be less than this value.

Tail slope maximum
Upper limit of tail slope. Default value is 50.

Tail slope initial value

Value of tail slope used initially when starting a region fit. Must be between Minimum and
Maximum values. Default value is 2.75.

8.6.3. Peak width tab
The peak width tab contains settings regarding the fitted FWHM of the peaks.

Ef'j' Peak evaluation algarithm settings EI@

Generic | Background | Peak width | Peak skewness | Advanced

PuHM fitting methad

@ Comman peak width method

‘ariable peak width method

Commaon peak width limits

Minimum: 0.7 w initial Fy/HM
Maimum: 1.3 # initial Fu/HM
Wariable peak width limits
Minimum: 0.7 # initial P/ HM
Maximurm: 4 w initial Py/HM
Automatic annihilation peak. fiting
| Enable variable peak width around 511 ke
Peak energy tolerance: + 9 ke
@ Help H @ ok H € Cancel |
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FWHM fitting method

Common peak width method
Fits one common FWHM value for each peak within a region. This is a proper setting for
most regions, where FWHM does not change significantly. The common FWHM setting
significantly speeds up fitting, and results in very stable fits.

Variable peak width method
Fits FWHM individually for each peak within a region. This is rarely selected, when users
experience problems due to broadening peaks. Variable FWHM setting significantly slows
down fitting, and may result in erroneous fits, because peak width may vary from extremely
narrow to extremely wide. However, this is required when one region contains peaks with
very different FWHM values, e.g. annihilation peaks with regular ones. The Common peak
width method is the default.

Common peak width limits

Minimum
Low limit for FWHM for 'Common peak width method'. Relative value to that of calculated
from current FWHM calibration.
Default value is 0.7 (FWHM is allowed to variate -30% below the current FWHM value).
Maximum
High limit for FWHM for 'Common peak width method'. Relative value to that of calculated
from current FWHM calibration.
Default value is 1.3 (FWHM is allowed to variate +30% above the current FWHM value).

Variable peak width limits

Minimum
Low limit for FWHM for 'Variable peak width method'. Relative value to that of calculated
from current FWHM calibration. Default value is 0.7 (FWHM is allowed to variate -30%
below the current FWHM value).

Maximum
High limit for FWHM for 'Variable peak width method'. Relative value to that of calculated
from current FWHM calibration. Default value is 4.0 (FWHM is allowed to reach 4 times the
current FWHM value - for extremely broadened peaks).

Automatic annihilation peak fitting

Enable variable peak width around 511 keV
Automatically switches to 'Variable peak width method' around the 511.0 keV annihilation
peak. Default value is Enabled.

Peak energy tolerance
Specifies the energy tolerance relative to 511.0 keV, where automatic switch should take
place. Default value is + 5.0 keV.
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8.6.4. Peak skewness tab

The peak skewness tab contains settings for fits that control skewness of the peaks.

;E’ﬁ' Peak evaluation algorithm settings EI@
Genenic | Background | Peak width | Peak skewness | Advanced
Left skew [on low-energy side of peaks)
/| Left skew enabled
Left skew amplitude [rel. to peak amplitude]
Mirirure; 1E-10 Maximum: 0.5
Left skew slope [actual walue)
Minimurn: 0.3 Maimurn: 2 Init. walue: 0.5
Right skew [on low-energy side of peaks|
| Right skew enabled
Right skew amplitude [rel. to peak amplitude]
Minimum; 1E-10 Marimum; 0.5
Right skew slope [actual valug)
Minimur; 0.3 Maimurn:. 2 Init. walue: 0.5
| @ Help H @ ok H € Cancel |

It contains two panels: one for skew on the low-energy side of the peak (left skew), and one for
the high-energy side of the peak (right skew).

Left skew (on low-energy side of peaks)

Left skew enabled
If enabled, the peak evaluator tries to incorporate a relatively sharp peak function into the
low energy side of the peaks, which decreases rapidly close to the peak centroid. This peak
function is able to describe the slight broadening of the Gaussians' left bottom. The area of
the left skew is also added to the reported peak area. Default value is Enabled.

Left skew amplitude minimum

Lower limit of Left skew amplitude, relative to peak amplitude. Default value is 1e-10;
should not be less than this value.
Left skew amplitude maximum
Upper limit of Left skew amplitude, relative to peak amplitude. Default value is 0.75 .
Left skew slope minimum

Lower limit of Left skew slope. Default value is 0.3 .
Left skew slope maximum
Upper limit of Left skew slope. Default value is 2.0; should not be less than this value.
Left skew slope initial value
Value of Left skew slope used initially when starting a region fit. Must be between Minimum
and Maximum values. Default value is 0.5 .

Right skew (on high-energy side of peaks)

Right skew enabled
If enabled, the peak evaluator tries to incorporate a relatively sharp peak function into the
high energy side of the peaks, which decreases rapidly close to the peak centroid. This peak
function is able to describe the slight broadening of the Gaussians' right bottom. The area of
the Right skew is also added to the reported peak area. Default value is Enabled.

Right skew amplitude minimum
Lower limit of Right skew amplitude, relative to peak amplitude. Default value is 1e-10;
should not be less than this value.
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Right skew amplitude maximum

Upper limit of Right skew amplitude, relative to peak amplitude. Default value is 0.75
Right skew slope minimum

Lower limit of Right skew slope. Default value is 0.3.
Right skew slope maximum

Upper limit of Right skew slope. Default value is 2.0; should not be less than this value.
Right skew slope initial value

Value of Right skew slope used initially when starting a region fit. Must be between
Minimum and Maximum values. Default value is 0.5.

8.6.5. Advanced tab

The advanced tab contains settings to fine tune the nonlinear fitting algorithm.
ﬁ'(f/ Peak evaluation algarithm settings EI@

Generic | Background | Peak width | Peak skewness | Advanced

Iteration stopping criteria for fiting
Max iteration count, 150
inimum R=S0 value: 0.05
Minimum gradient change: 1E-6
Min. line search derivative change: 1E-6

Min. line search R=S0 change: TE-B

‘ @ Heb || @ oK H € Cancel |

Change the defaults with caution, as improper values may lead to sub-optimal deconvolution
process.

Iteration stopping criteria for fitting

Max iteration count

Upper limit for number of iterations for nonlinear fitter. Default value is 300. Less than this
value may cause non-optimal fit results.

Minimum RXSQ value
Lower limit for reduced Chi-squared, when nonlinear fitter should quit unconditionally.
Default value is 0.05 (this is almost never reached).

Minimum gradient change

Lower limit for gradient value change. If the gradient of fitted parameters changes to less
than this value between iterations, then iteration will be stopped. Default value is 1e-9
(should not be greater than 1e-6).

Minimum line search derivative change
Lower limit for derivative value change. If the derivative of fitted parameters changes to less
than this value between line search iterations, then iteration will be stopped. Default value is
le-5.

Minimum line search RXSQ change
Lower limit for reduced Chi-squared value change. If the reduced Chi-squared changes to
less than this value between line search iterations, then iteration will be stopped. Default
value is le-6.
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8.7. Peak area and area uncertainty calculation

From HyperLab version 2005, a fine-tuned peak area uncertainty calculation method is applied,
which is described in this section.

Objective function for fitting

During the spectrum fitting, we try to fit a sum of peak, skew and background functions to the
measured counts. The standard Chi-Squared used as a merit function for the goodness of fit:

e (Count ;— )2
= wvar( Count )
where
Count; Measured count in the j'th channel of the region
var(Count,)) Variance of the measured count at j
Y; Sum of peak and background functions at j
n Number of channels in the region

Calculation of the peak area

If the fit reaches a minimum, peak area is calculated from the actual values of the fitted and/or
fixed parameters:

Area=GAmpl-GWidth (14 LSAmpl- LSSlope-GWidth+ RSAmpl - RSSlope-GWidth )

where
GAmpl Gaussian Amplitude
GWidth Gaussian width (FWHM / 1.6651)
LSAmpl Left Skew Amplitude
LSSlope Left Skew Slope
RSAmpl Right Skew Amplitude
RSSlope Right Skew Slope

8.7.1. Uncertainty of fitted parameters

After the fit, also M, the inverse of the covariance matrix of the fitted parameters is computed:

” 1 OF OF
var (Count;) 0 p, 0p,

M=

Inverse of M (the covariance matrix) contains the variances and covariances of the fitted

parameters:
-1
cov(pe, p)=(M ")y,
-1
var(p,)=(M "),

where

M covariance matrix (inverse of M)

cov( pw p1) covariance between parameters py and p

var( px) variance of parameter pi

70 HyperLab Reference Guide



Spectrum peak evaluator

8.7.2. Uncertainty of Peak Area

Variance of the area is computed by a standard error propagation method. This method is well
known, and provides the overall uncertainty of arithmetic expressions, which in turn depend
on other uncertain values themselves.

The calculation incorporates
* the uncertainty of the fitted parameters, and
* the dependence of the peak area on the individual uncertain parameters

0 Area 0 Area
var(Area )= «cov(p,, p,)——
kZ,; Pk e op !
where
var( Area ) variance of peak area
0 Area partial derivative of the peak area by fitted parameter py

0 Py

According to our Monte-Carlo simulations, this approximates the real peak area uncertainties
very well.

You are able to check this calculation using
» the covariance matrix of the fitted parameters, which may be displayed in HyperLab for
each region by the “File / General info” menu in HyperLab’s Peak evaluator module,
* and calculating the partial derivatives of the Peak Area using the following expressions:

Fitted parameter OArea
(Pk) 0 Py

GAmpl GSig-(1+GSig-(LSAmpl- LSSlope + RSAmpl - RSSlope) )- VTt
GWidth GAmpl-(1+2-GSig-(LSAmpl-LSSlope + RSAmpl - RSSlope) )\t
LSAmpl GAmpl-GSig*- LSSlope- Tt

LSSlope GAmpl-GSig* LSAmpl -\t

RSAmpl GAmpl-GSig*-RSSlope -\t

RSSlope GAmpl-GSig*- RSAmpl AT

8.7.3. Comparison with conventional Peak Area calculation method

In most cases, other gamma spectrometry applications calculates the uncertainty of the peak are
based on the following model:

2

N
(B,+B,)

=G+
—_—r

n

The model assumes a singlet peak, where a linear background region lies beside the peak, both
on the left and the right sides, with
Os uncertainty in peak area
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G gross counts under the peak (background + peak counts)
N number of channels under the peak
n number of channels both on the left and right sides

B;, B, background counts on the left and right side

This approach is more or less valid, however if too narrow background region is used, the
uncertainty estimations will be unnecessarily high, as this is the case of most evaluation
software.

HyperLab is superior to this simple method due to the followings:

+ intelligently extends the region as far as possible, thus minimizing the uncertainty

+ its uniform calculation expression may be applied to every region, even for multiplets
(in spite of different expressions used for singlet and multiplet cases, as can be seen in
other applications)

* may take into consideration a complex (curved and/or stepped) background

» takes into consideration of the reliability of the fit (due to the partial derivatives of the
fitted parameters at the minimum).

Although HyperLab applies a very different (but otherwise standard) method for peak
uncertainty calculations, the calculated values agree very well with other applications, if
comparable fitting situations regarded.

Calculation example

A typical fit of a small peak can be seen on the figure below, which contains a singlet-peak fit.

5,500

5,700

5,600

(15 - 1112 0.4
5,500 =

o

5,400

1103 1104 1105 M08 1107 11083 1109 11100 1111 112 4113 1114

The reference uncertainty equation and HyperLab’s uncertainty calculation method approxi-
mately serves the same 44% area uncertainty value. This shows that the two formulas results in
nearly identical results under the same conditions.

HyperLab could reproduce this fit only after manual interventions, as it uses much wider
background region during the automatic fit:

7,000

§,000

o

1085 1070 1075 1030 1035 1080 1095 1100 1105 1110 1115 120 1125 1130
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In comparison, HyperLab's automatic fit results in 27% area uncertainty for peak No. 3 (the
same peak as in the previous example). This lower value can be explained by the followings:

* amuch wider the background region utilized,

* thus the nonlinear fitter founds a minimum with greater confidence,

» therefore the uncertainty of the fitted parameters will be smaller,

* so the uncertainty value of the peak area will also be significantly lower.

9. Visual Nuclide Identification

HyperLab has a powerful quantitative isotope identification module, which is reliably identifies
a large set of nuclei found in its nuclear database, determining activities of isotopes with
overlapping peaks, while presenting the results in an exceptionally enjoyable visual manner.
This utility is also able to perform the identification on virtually any kind of gamma-spectrum
producing phenomenon, e.g. prompt-gamma activation reactions, if the gamma intensity ratios
are constant within a component to be identified.

Nuclide identification results

In HyperLab, the result of the nuclide identification is a list of activity concentrations or
intensities for each component determined.

Components in HyperLab terminology may mean any kind of material, which provides a
gamma line set with fixed relative intensities. The most common component is the radioactive
decay. Other example would be any kind of gamma-producing reaction, e.g. the prompt-
gamma capture, where the intensity ratios of the individual gamma lines are also constant
within a capture reaction.

HyperLab's important concept is to fit the activity of all components together for a spectrum,
and not activities at the individual components or spectrum peaks. Thus you will not see
averaged activities calculated individually for each spectrum peak, just one common activity
value, which is fitted to all of the peaks of all component at once.

Beside the activity concentrations, MDA values are also computed for gamma lines and for
each component.

Requirements for nuclide identification

«  Well-calibrated measurement. In HyperLab's present version, only one measurement
can be used for nuclide identification at a time. That measurement should have a
relatively precise energy calibration, thus creating and using a nonlinearity curve is
strongly recommended.

- Efficiency curve. An absolutely calibrated efficiency curve is a requirement, if you want
to get absolute component activity values in kBq (this is the case almost every time). If
you have only relative efficiency curves, the nuclide identification can be performed,
too, but the resulting values will be only dimensionless intensities.

«  Nuclear data. In case of decays, its is already in the database upon initializing. For
prompt-gamma (or other, reaction-based) identification, you should import the
reactions to your database. We are providing a default PGNAA library in the form of
textual representation of reaction data, which can be installed by the user. These serve
also an example for user-creatable reaction libraries.
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9.1. Performing nuclide identification

We are demonstrating the capabilities of the nuclide identification module on the sample
spectrum of the 226Ra source, named RA37076A.

« Please make sure that you have created a proper nonlinearity curve (for precise energy
values) and a proper efficiency curve from the sample measurements.

+ Also make sure that you have designated the your efficiency curve as a default for the
measurement setup where it was taken. See details in section “Designating a proper
efficiency curve as a default”.

00 Viypertab Main Module - uses HLUserd msance=LanworksTamo.. | || = msg 10 start nuclide identification, open the

Eile Options Hel
; pree =R measurement node of RA37076A, select the
evaluation entry (7 tasks, 0
i 11 peak evaluation under it.
sbase HyperLabl on AMSSOLHYPERLAB - Mame: Peak eval of D4 k. . .
Lo wsimeaied 12201 When you double-click on it, the peak evaluator
~I1 Ayperlab sample spectra Last modified by: D atabase. ..
4 -] Measurements umber of regions: 1 i i i
18 o 02, ok, 1 CODOTTTADAT) | tmedeowss o tries to open it. However, it was already used in
4] D4 kal, 2002, okt T [BABSZT14.DAT] Nomber of peaks 212 li it 1 ffici lvsi d
8 1t 2002 o 1 UERADAT nmbsdre-ss 22 ponlinearity as well as efficiency analysis, an
)] D4 kal. 2002, ok, 1 [CO010426,DAT] o peat s that de it d Iv. This i h .
4 Da kel 202, okt 1 ICOBSTEEA DAT) R re— at made it read-only. This is why a warnin
i) DA kal, 2002, okt, 1 |AMB0Z204.DAT] Tj; 8t hb = = y y &
-tug) D4 kal. 2002, okt 1 [C5961474.DAT] | Dpen with peak evaluator 1
-] D4 kal. 2002, okt. 1 [CD010434,DAT] Eleakte ne;m pleak eva\u;at\... message Wlndow appears now.
i) DA kal, 2002, okt, 1 [MNITD41A.DAT] ] Peak evalustion properies . : :
i) D4 kal. 2002, okt 1 [RAI7O7EA,DAT] éIDEIeta Peal svaluglion & As we pOSSlbly want to refine the deconvolution
~| | Peak eval of D4 kal. 2002. okt. 1 [RA3FO7ES < | Create report of fiting det. o o .o .
LN Spetns [ElHiske  chare results by the help of the nuclide identification
akg) Eeﬂlﬁgpia\ mintak [13_53_31.CNF] i - Create report o . y p . 3 '
I ) it is advantageous to skip the loading of that

read-only peak evaluation, and create a clone of

it, which can be freely modified.

{1 HyperLab Main Module - user HLUserd, instance #1 on WORKSTATIO... [ = || & |52 TO Clone the peak evaluation’ select It on the left’

File Options Help

5 i and click on the task Make a clone on the right

evaluation entry {7 tasks, 0

ld: 33
S — L oem .. | Ppane. After a few seconds, a second peak
User projects Last modified at: 1/31/201.. 1
£ FyparLob somple specha P - evaluation appears under the measurement.
4] Measuremerts umber of regions: .
i) Dé kal, 2002 okt T [CODOT114,DAT] = zaxgxsé ofregmf wwm | Asthe peak evaluations ordered from the
') D4 kal 2002 okt 1 [BABS2T1A.DAT] Number of peaks. 212
44 D4 kal 2002 okl T [EL02S7A.DAT] Mot pesk i 2530673 newest to the oldest by default, select the upper
s ) D4 kal. 2002, okt 1 [CO0T0428.DAT] P 4
) DA kal 2002 okt 1 [COE51558.DAT - : : .
D Dt bl 2002 k1 1 IMBRIADAT) Tjuk St one for processing (if you are in doubt, check
i) D kal 2002 ok, T [C5981474.04T] | Open with peak evalustor o pe .
0 Dl 2002 k0 1 COMOIADAT Sloesenenpeskovaut. | the date of the last modification on the upper
) Dd kal 2002 okt 1 [MHO10418.DAT] Peak evaluation properties .
) D4 kal 2002, okt, 1 [RA370764.DAT] X Delete Pk evaluation & I'lght pane) .
- L Peak eval of D4 kal 2002 okt 1 [RAI707ES [E] Create report of fitting det.
ook el of D4l 2002 ok 1 aSTOTER ?'E‘;:;:";T Open it with the peak evaluator by a double-

" ) click.

£ Spectrum peak evaluator - D4 kal. 2002, okt. 1 [RA37076A DAT] [=f=]Es  After the peak evaluation loaded’ please

File Edit View Calibrations Fit Options HNuclide Ident. Help

[0+t~ R @ Ja|@ & immediately go to the Messages panel, and
Spectium | Peak details | Messages | Muclide Id : L : :
1 g, 0TS TS0 — check that if the efficiency analysis is loaded
nfo: Livetime: .| ec . . .
e St ot o 2 gt automatically for the measurement. This is
o Tipe o b2 1 Norma e gant et indicated in the last a message line.
Info; Min cnt: 0, max crt: 816537, sum cnt‘ 43736910 : . .
i 0y ot 1 e Sy o vy If this is not the case, please close the peak
< 0 evaluator, and follow the steps of the section
[ ) 2 ik iy T N ” . . ..
B 1 Designating a proper efficiency curve as a

k. default” to create such an assignment.
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Select Option / Nuclide identification menu now, to
check current settings.

Under Radiation libraries tab, you can select
which radiation libraries should be involved in
the nuclide search. At the bottom, it is possible to
select one from the user defined nuclide
exception lists.

For a regular decay measurement, it is not
needed to modify these default settings.

Under the second tab, Efficiency, click on the
'Automatic efficiency selection from meas. setup'
item.

If you properly set up your efficiency curve —
measurement setup assignment earlier, then the
efficiency curve will be immediately displayed at
the bottom, which is belonging to the loaded
measurement.

Now click OK.

This efficiency setting will be retained for next
sessions, so the nuclide identification will be
even more convenient next time.

Now the nuclide identification module loads the
nuclear data necessary for the evaluation.

Please wait until the message disappears, then
select Nuclide Ident. / Start identification menu.

Now the nuclide identification starts, which may
last just a few seconds on a reasonable fast
computer.

After the identification, the computed spectrum
of the fitted nuclei will be displayed graphically.

ﬂ”)" Muclide identification options EI@

Radiaion libraries | Efficiency | Activity & MDA | Advanced|

Usze the radiations it these librarires for identification

| Default IMAS quantitative gamma library -

| Default INAA calibration garmma library
Default PGHAS guantitative gamma library
Default PGHAS, calibration gamma library

| Defaul IMAY, background gamma library
Default PGHAS backaround gamma library
Supplement for INAS gamma library
Supplement for PGNAA gamma library -

m

Muclide exception list

<no nuclide exception list used:

_ﬁ,}’,‘l Mucliele identification aptions

_Hadiation libraries | Efficiency | Activity & MDAI advaniced

Efficiency type

@) idwtomatic efficiency selection from meas. setup

) Userselected efficiency analysis from the databaze

) Theoretical efficiency of a typical HPGe detector

Actual efficiency

20603 | g ‘
=1
1.0E-03 4
=)
&
o
1000 20005000
o OK l l XK Cancel l
5‘?)" Pracessing, please wait... EI @
Progress: |
Status:  |Loading 1262 decay radiations for 'Default INAS calibration
gamma librany’...
[ Stop
ﬂf} Processing, please wait... EI @

Progress: |

Shatus:

Filtering nuclei

[ Stop

As you walk through the fitted regions of the spectrum, you can see the result of the

simulated spectrum.
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The following display elements will be used:

The deconvoluted peak curves are remained in red, the virtual peaks computed from
the nuclide identification displayed in magenta color.

The deconvoluted background is green, while the background from nuclide id is
displayed in lime color.

Individual peaks in a multiplet are blue, but the same peaks from nuclide id is
displayed in grayish-green.

The difference values in the residual window are green rectangles for the spectrum fit,
and lime for the nuclide identification fit.
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This region contains 214Bi and 214Pb lines, and two lines were in a properly separated
multiplet.
In this region, you can immediately observe the followings:

The energy calibration is well defined. This is imminent as peaks from the nuclide
identification always placed at the location of the library energies, while the spectrum
peaks are drawn at the fitted channel content, and there is a very good agreement in
the peak centroid positions.

The efficiency calibration seems to be OK, as the intensities (amplitudes) of the nuclide
id and the deconvoluted peaks are practically the same.

HyperLab's nuclide id is easily able to resolve multiplets originating from the same or
from different nuclei.

Creating a nuclide identification report

Creating a report with all of the nuclide identification results requires no different action then
in case of regular peak reporting: just select File / Create report menu, and the regular peak list
report will also contain the results of the nuclide identification
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9.2. Refining nuclide identification results

As identification of components is not an easy task, fully automatic analysis is not always
achievable, thus manual intervention is regularly necessary to improve the results.

Checking Nuclide identification details
To see the details of the nuclide identification, click to tab Nuclide Id.

On the left, the Components hsted Wthh [ Spectrum peak evaluator - D4 kal. 2002. okt. 1 [RAIT076A.DAT] = e |
File Edit View Calibrations Fit Options MuclideIdent. Help
has been included in the final activity |9 -0 -[Q @ {8]Q fa |Kecdebev v [ Yoo = -| 8- 8-~
. . . . Spectium | Peak details | Messages | Muclide 1d
fit. On the right, there is the list of all
Components used for nuclide id fit All possible componsnts
possible components (those where at Decmirais A [ e s
4 Single components 211Pb (2776 % fo
: & 214Bi, Act.conc= 2804 kBg/unit +0.2 % [DCon=27.169) MDA=E, 524 kEg/unit|| = & 214Pb [9972% fo
least some Of the gamma lines are found L@ 21, A:t.cunc=1549 quq/ur:n +0.9 % [DCan=20.174) MDA=4.65 kB:/umt‘ H 207Bi (0,08 % four
. 4 - 226Ra, Act.conc= 1068 kBg/unit +-1.0 % (DCon=1.000) MDA=1.014 kBglunit 210BLm [0.72%f
in the spectrum) . "1y 1863 keV, LibE= 196.2 keV/. Int= 3590, Area= 100 %, Act.oonc= 1069 KB | —— 21281 (070 % four
Bkg: 0.0 cnt at LibE= B00.7 keV, Int=0.000 B 214Bi [98.15 % fou
Bko: 9572.8 cnt at LibE= 414.6 keV, Int= 0.000 211Po .75 % fo
Bkg: BI6E.0 cnt at LibE= 449.4 keV, Int= 0.000 H 211Po_m (100,00
. . - 99Tc, Act.conc=1.905e+05 kBa/unit +1.9 % [DCorr=1.000) MDA=4338 kBg/u 212Po_mZ2 (7368
At the left Slde, there are two main | L 0TI ek eere 1257 KBar ~-38 % [ Car-117.060] MDA 508 ke -8 26Pe (100005 -
groups under the Determinables Show component dets
(components which has meaningful ~ — w9 T —
lines): the Single components, where the “« v o» e B
955 ch - 39L.4 ke / 19092 ent Region 924 - 983, click to zoom it

activity of a decay could be determined
could be determined on its own; and the Component groups at the bottom of the list, where the
tightly coupled, highly correlated components can be found.

Node of each component can be opened by a double click on its name, and all the searched
radiations are listed under it. If a library gamma found in the spectrum, it is designated by a
colorful gamma photon sign. If no spectrum peak was found at its place, a pale icon is drawn,
and the “Bkg” prefix is used. In this latter case, the amount of missing counts is also displayed
which would be required at the point of the missing peak, but not found.

Regardless of the status of the radiation node, double-clicking it opens the Spectrum tab, and
jumps to the position of the clicked line.

Removing an unnecessary nuclide

HyperLab provides two methods for fgggg
removing a component (decay) from the 18,000
analysis: :;Ezz
+  Select the component on the left- 15,000
side list on Nuclide Id page, the 14,000
click on the arrow button, which 13,000
points from left to right. =

« If you are noticing the presence of "oy e

an unnecessary nuclide on the gm0l

Spectrum pane, right-click over its
superfluous peak, and select the 'Remove isomer from Nuclide Id' menu, and pick the
component to be removed.
This latter method can be demonstrated on the region which is shown on the picture: the
isomer 71Zn is unnecessary, but automatically could not be removed, as it overlaps with
511keV annihilation peak, and the 389keV peak of 214Bi.
Right-click over it and remove from the nuclide identification fit.
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Adding back an improperly removed component

If a necessary component has been removed from the Nuclide Id fit some way, and appears on
the list of the All possible components, just select it, and click the arrow button pointing to the
left. Thus the abandoned component will be included in the nuclide list again, and a nuclide
identification re-fit occurs.

Energy calibration shift

2148

When a slight difference can be observed
in the position of the virtual peaks
(displayed by the nuclide identification
module) and the measured peaks,
probably there is a small energy
calibration problem.

Update your calibration, by adding this
peak to the energy calibration points, and

30,000

20,000

10,000

w
5]
o
w
=)
w
w

check if the nonlinearity part of the

calibration is in effect.

0 There is a small chance, too, that the

nuclear data is not perfect, but this is
rarely the case.

Non-fitted spectrum peak found by Nuclide Id

5 Due to statistical nature of the measured
counts, the spectrum peak deconvolution
ST algorithm sometimes misses a peak. In
several cases, those peaks are pointed out
by the nuclide identification algorithm, as
it utilizes the information from all peaks of

2000 the nuclide.

The picture shows the case when a small
214Bi peak is missed by spectrum analysis,
1082 1084 1086 1065 1070 1072 1074

but the nuclide identification found it.

Insert the missing peak manually to the region, and re-run nuclide identification.

Problem with the nuclear data

In some very rare cases, the nuclear libraries are
not perfect: may contains errors for the energy

Pt S
]
o]
=]

214thi

21460

i positions or the intensities of library peaks.
o 5 One such example can be seen on this figure. As
3000 we see that while intensities and the positions of

other 214Bi peaks are properly matching the
measured peaks, there is a true outlier at
1 oop ™= = weaEi ===y 1416keV. This is probably comes from an

138 1400 1402 1404 1406 1408 1410 1412 1414 1416 1418 1420 lntenSIty prOblem in the Orlglnal nuclear data.
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9.3. Common problems during nuclide identification

Although nuclide identification is very straightforward with HyperLab, there are a few typical
issues which can be easily addressed by the following tips.

Improper energy calibration

If you experience a poor quality nuclide identification, please always check if
« the linear energy calibration is properly done, and
« you are applying a nonlinearity calibration beside the linear one.

Improper efficiency curve selected

In case of the peak intensities of the nuclear library shows large deviations from the fitted
peaks, always check that you are using the proper efficiency calibration curve, that is, which is
prepared for the same measurement setup, and it is created more or less at the time when your
measurement was taken.

9.4. Algorithm of the nuclide identification

The following sections describe the individual steps taken by the nuclide identification
algorithm.

Loading of basic data

In this phase we are collecting all the information necessary for the actual nuclide identification.
These include
+ Peak list, which contains the spectrum peaks to be identified. Every peak has energy,
energy uncertainty, area and area uncertainty values.
« List of searched components.
« Radiations belonging to the component. Every radiation must have energy, energy
uncertainty, intensity, intensity uncertainty values.
+  Detector efficiency curve.

Preliminary search and filtering of peaks and components

The process of matching of peaks and library lines is the following:

« Searching for all radiations, which may belong to a spectrum peak. This is done by
searching of radiations, where the uncertainty region around the radiation energy, E.q
overlaps the uncertainty region around the peak energy, E ... The uncertainty region is
ESigMult *PeakEUnc for the peak, and ESigMult *RadEUnc for the radiation. The
EsigMult is an uncertainty multiplier, its value is 4 by default.

This search process gives a very broad list of matching radiations, purely by the
energies.

« Calculating the 'spectroscopic strength' value, which is a normalized sum of the
PeakInt * Efficiency values. This gives a rough descriptive number about the presence
about the important library lines for each component. If the spectroscopic strength is
below a threshold value (10% by default), the component will be skipped from the
further analysis.
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Peak merging: the algorithm now merges together the peaks whose distance is less than
MaxFwhmContract * FWHM channels (default MaxFwhmContract=1.5). This is because
the identification is much more robust, if the unnecessarily splitted doublets are joined
again, and their summed areas will be splitted by the nuclide identification algorithm.
Determination of component clusters. If no overlapping peaks exist between two
components, then their activities may be determined independently, thereby reducing
the computation time and increasing stability. Similarly, overlapping detection
introduced for component clusters (a set of components), not just single components,
which can be identified quantitatively in an independent way.

Fitting intensities of components

If a peak is not found in the spectrum at the position of a library line, a virtual peak
created. Its area assumed to be zero, while its area uncertainty is computed from the
efficiency curve, the FWHM and the actual background under the missing peak. This
way a missing peak is also takes part in the activity fit of the component.

Together with the activity fitting, the correlation is also determined between the
components of the cluster. If two component shares at least one spectrum peak, then
they are correlated. If the correlation is very high, exceeding MaxCompCorr value (it is
0.99 by default), then we treat the two or more components non-distinguishable. An
example would be two nuclei, both having only one significant gamma line at nearly the
same energy. In this case, no independent activities may be calculated purely from the
spectrum, by any means. In this case, we collect these highly-correlated components into
component groups, and determine them together.

Another fitting performed on the linear equation system, which tries to describe the
measured spectrum peaks and also accounts for the background under the missing
peaks.

Checking if all of the spectrum peaks is well-described by the sum of the counts
originating from the components' gamma lines. If there is significant difference between
the peak area and the sum of library line intensities for a peak (significance threshold is
4 by default), then we re-fit the problem by allowing large discrepancy at that peak.

Final nuclide identification steps

80

Checking the fitted activities of the components. In case unphysical values (zero or
negative activities), dropping the component in question, and performing the fitting
again.

Filtering the final component list by the activity uncertainties: if that is higher than a
threshold value (35% by default), then the components dropped, and a re-fit is
performed. The components then sorted by the uncertainties of their activity values.
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10. Batch spectrum evaluation

HyperLab provides more automatic spectrum evaluation tools, which are able to silently
evaluate several measurements each after the other, with minimum user intervention. This
makes it possible to perform the routine spectrum evaluation in a semi-automated way, and
may speed up the work of the gamma spectroscopist.

10.1. Database batch evaluator

The database batch evaluator is a special peak evaluation tool of HyperLab Main Module. It is
able to automatically evaluate several measurement entries stored in the database, each after
the other.

10.1.1. Using of Database batch evaluator

To use the Database Batch Evaluator, open the project in Main Module where your spectra are
stored.
Cllck on M@[lsurements node under the _E"_?‘}I HyperLab Main Madule - user HLUserd, instance %1 on WORKSTATIO... EI@

project, then select Batch evaluation task. F; Jpton: b e

Measurements (8 tasks, 11

Number of measurements: 11

HyperLab databases - MNumber of spectra; 22
-l Database HuperLabl on WSSOLHYPERLAB Humber of peak evaluations:...
a7 User projects
4 ) HyperLab sample spectra
-] Measurements
o) D4 kal. 2002, okt 1 [CODOTT1A DAT]
o] 04 kal. 2002, okt 1 [BASS2114DAT] |E
o) D kal, 2002, okt 1 [EUG02574 DAT]
o) D kal, 2002, okt 1 [CO010424 DAT] Tasks =
o] D4 kal. 2002, okt 1 [COES1854 DAT] a
i) D4 kal, 2002 okt 1 [aMe03200AT) | || (EdImeort specirum fies
i) D kal, 2002 okt 1 [C5961474,DAT] [E]Baich evaluation {1:2
o) D kal, 2002, okt 1 [CDO10438 DAT] [E]Remove all peak evalu
) D kal, 2002, okt 1 [MNIT 0414 DAT] [Z] Remove all messurements
o] D4 kal, 2002, okt 1 [RAZTO76S DAT] [E] Expart all measurements
. -] Giealdgial mintak [13_53_31.0NF] (2 Create report
| Analyses i Create report
. s onm | abe and Qamnr|:o . X [E] Gearch data entries
Now an evaluator window appears, listing | & batabase batch evaluation =)
all measurements aSSIgl’led tO thiS pI‘O]eCt Check measurements to be evaluated, adjust evaluation zettings, then press Evaluate button.
Check the list if it is really required to Measurements | Caltrations | Output [ Advanced [ Skipped|
evaluate all spectra. If a measurement is to | || = kel s
7] D4 kal. 2002, okt 1 [CSIE1474 DAT] D4 Setup 70keV - 3. IMey, d=2Bem  H192+8192
be skipped, un-check it. | D4 kal 2002 okt 1[EUB0297ADAT] D4 Setup 70keV - 3.3Mev, d=25cm  8192+8192
V] D4 kal. 2002, okt 1 [MNTT0414.DAT] D4 Setup 70keV - 3.3Mey, d=25om  B192+8192 ~
4 m 3
Select al | | Select none

Counts of selected measurement

QLLERTNE}

10,000

1,000

100 H----- -
103 A

14
01 g
0 1,000

Counts | Dietails |

T T
2000 3000 4,000 5,000 6,000 7,000 §,000

| b Evaluate || @ Close |
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Ef)" Database batch evaluation

=1 B =3

Check measurements to be evaluated, adjust evaluation settings, then press Evaluate button.

Measurements | Calibrations | Qutput | Advanced | Skipped
Energy calibration

| Use each measurement's own calibration, if any
/| Otherwize, use common calibration from database

Lalibration:

| Save Energy calibration for measurements, if differs from current

FudHM calibration

| Uge each measurement's own calibration, if any
| Otherwise, use common FWHM calibration from the database

Calibration:
| Save PwWHM calibration for measurements, if differs from current

Peak evaluation algarithrm

Ewal settings: | Default settings for moderate count rate, regular peaks lz‘
[ b Evaluate ” @ Close |
Eﬂ" Database batch evaluation EI@

Check measurements to be evaluated, adjust evaluation settings, then press Evaluate button.

Measurements | Calibrations | Output | Advanced | Skipped
Database autput

V| Save results inta the database
Repart files

Savein BTF format Savein plain Text fomat

Content template:| Peak list T |

Faormatting st_l,lle'| Defaul HyperLab Repart Style b |

Post-processing reports
Savein Sampo-90 PTF & SPE format
Output file setings
Output falder: C:AUszers\HLU serd\D esktoph

[ D Evaluate ” ‘3 Close |
i 18% - D4 kal. 2002, okt. 1[CD01043A.DAT] =n AR ="
Please wait until spectium evaluation finishes.
Progresz:  Reaion 167 - 202 refining: R<50=7.13
—
Details
IMFO: Comment: -

INFO: Energy calibration's title: Energy cal. from COO10434 DAT

INFO: Energy calibration: E_kew = Ch = 0.41 + 0.094

IMFO: PiHM calibration's title: Pi/H cal. from COO1 0434 DAT

INFO: Pe'HM calibration: Fewhm_Ch = sqrt{ 6.8488 + 0.0040612 = Ch )

INFO: Acquisition start: 2002 Oct 10, 14:21:00.000

INFO: Acquisiion end: 2002 Dct 11, 03:21:00.000

IMFO: Livetime: 46800.000 sec

INFO: Trustime: 4E800.000 sec

INFO: Spectrum part infa: 2 parts

INFO: Type of partfl: 2 [LFC corected gamma spectrum)

INFO: Tppe of part#2: 1 [Mormal HPGe gamma spectrum)

IMFO: Min cnt: 0, max cnt: 78063, sum cnt: 721211 =
INFO: Variahce comector applied: Westphal's corectar + HyperLab zero-count vanance ac|

4 1 3

€ Stop
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Change to Calibrations tab. Set the source
of calibrations according to your
measurement environment.

It is possible to use either the mea-
surement's calibration or an arbitrary one
from another measurement.

Specity evaluation output options under
Output tab.

You can save results into the database; as
well as generate textual reports or Sampo
files for post-processing.

Do not forget to set the folder where your
report files will be saved.

You may also specify some other settings
under the Advanced tab.

Click the Evaluate button to initiate batch
evaluations.

A new page appears now, displaying the
overall progress of the batch as well as
detailed messages for the last few
measurement evaluation.

When evaluation finishes, press Close.
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10.2. Spectrum file batch evaluator

The spectrum file batch evaluator is a standalone utility of the HyperLab System. It is capable of
automatically evaluating more than one spectrum files, each after the other.

This utility does not require usage of HyperLab databases, as it operates on simple spectrum
files, and its results are also saved into disk files. If you want to use batch evaluation for
measurements stored in a HyperLab database, or you want to refine the fits manually, consider

using Database batch evaluator instead.

10.2.1. Using of Spectrum file batch evaluator
Start the utility by selecting HyperLab 2013 / Batch Evaluator 2013.1 from your Start menu.

The evaluator dialog appears now.

Click on Add... button under Spectrum files

tab.
A file open dialog appears now.

Select your spectrum files to be loaded,
which will be listed at the left side of the

utility.

[E=3 EoE =3

— [|& | %

ﬂ Hyperlab - Batch spectrum evaluator - [Batch 1]
G File Window Help
dingly. then press Evaluate.

Add sp files, set ion p

Spectrum files | Eval settings | Calibiations Heport\nglMisc |

Counts of selected spectrum file

Courts | [Dretails |

Select a spectrum file for evaluation

ﬂ Hyperlab - Batch spectrum evaluator - [Batch 1] EI@
7 File Window Help NEE
Add files. set dingly. then press Evaluate.

Spectrum files |Eval zettings | Calibrations | Feporting | Misc |

_____ U] BABEZ1TE DAT Counts of selected spectrum file

W) CODOT116.DAT
L] ELBO297B.DAT

---------

-
4,000

6,000

- -
0 2,000 8,000

[ Counts |Details|

l @f Help

| DEeae | Qome |

Select a spectrum file for evaluation
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__z" Hyperlab - Batch spectrum evaluator - [Batch 1]
&7 Eile Window Help
Add sp

[E=8 EoE *x™)

=

files. set luation p gly. then press Evaluate.

Spectium files || Eval seftings || Calibrations | Reporting I Misc |

Lazz Free Counting [LFC] settings

Spectum type: IDuaI LFLC spectrum files ']

Wariance car.: lW’estphaI's corector v]

Determine file type automatically from spectrum, if possible

Peak. evaluation algorithm

Setting file:  103\Measurement System Settings\PeakEvalSettings_Default hlab o J
LCurrent settings: IDefauIt settings for moderate count rate, regular peaks VI H
l & Help “ P Evaluate H ) Close ‘
ﬂ HyperLab - Batch spectrum evaluator - [Batch 1] E@
&Y File Window Help BEE

=

Add sp

files, et luation p

gly. then press Evaluate.

| Spectum files | Eval settings | Calibrations | Reporting I Mizc |

Energy calibration
I zet, use each spectum file's own calibration values
Usze common calibration from file
Calibration file: | <built-in defzult: ; J
Current En.cal.: | HyperLab's default energy calibration v] H
FufHM calibration
If zet. use each spectrum file's awn calibration values
Usze common calibration from file
Calibration fle: | <built-in default: 5 B
Current Pw/HM cal.:lHyperLab's default Pw/HM calibration V] H
l @ Help “ > Evaluate H € Close ‘
ﬂ HyperlLab - Batch spectrum evaluator - [Batch 1] E@
&Y File  Windaw Help _&]=

Add

pect files, set luation p dingly. then press Evaluate.

Spectrum files | Eval settings | Calibrations | Feparting |Misc: |

Generic reporting settings
Output folder: C:5Users\HLU serd\Dacuments
Mote: specify an absolute path. If you leave the box empty, report will be saved beside the spectum

files.
Browseable reports

Save in BTF farmat
Save in TAT format

LContent template: | Peak list b4 |

Farmatting style: | Default HpperLab Report Style v|

Post-processing reports
Savein Sampo-90 PTF & SPE format

Repart charts
Fit chart gize: 800 « 400 pirels
Resid. chart size: 800 » 180 pixels
l & Help “ b Evaluate H ‘3 Close ‘

Change settings under Eval settings tab.

Most important is to correctly set the type of
spectra: 'Common gamma spectrum files' or
'‘Dual LFC spectrum files'.

You can also set calibrations on Calibrations
tab, if it is missing from the spectrum files.

It is also possible to abandon spectrum files'
calibration values, and import common
energy and FWHM calibration values from
text files.

Set reporting options under Reporting tab.
HyperLab is able to create reports in the
following format:
e Sampo-90 *.ptf and *.spe files
e Plain text files (*.txt), using
HyperLab's report templates.
e Formatted Rich Text report files (*.rtf),
using HyperLab's report templates.
Do not forget to set the output folder of
your reports, otherwise the report files will
be created into the folder of the spectrum
files.
HyperLab's report templates are contained
in separate files, and can be edited, created,
deleted by the user. Rich Text Files also may

contain pictures of the fitted regions, revealing the fine details even for a batch evaluation.
Please select an appropriate report template if you want to check your fits also with region

pictures.
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You can set miscellaneous options under
Misc tab. You can set the folder of log files
here, which is used by HyperLab when
creating log files for the batch evaluation.

Press Evaluate button to start the batch.
HyperLab now evaluates all of the selected
spectrum files, and creates report files as
well as log files about them.

During evaluation, you can minimize the
utility and work with other programs.

After the end of the batch, click Close to
finish the evaluation.

[E=3 EoR =<5

= [|& | x

_'lr?l Hyperlab - Batch spectrum evaluator - [Batch 1]
G7 File  Window Help
Add sp

files. set luation p dingly. then press Evaluate.

Spectrum files | Eval settings | Calitrations | Reparting | Misc
Logging
| Save batch log
Log file folder, C:\Users\HLUserd\Documents\HyperLab\Hyperl ab20034Lo

V| Delete log files older than B0 days
Progress info
Show charts during fitting [slow]
& Help H P Evaluate H & Close |
Start batch evaluation of selected spectra
__‘:}" Hyperlab - Batch spectrum evaluator - [CODOLLIE.DAT] EI@
G7 File Window Help NEEB

Please wait until spectrurn evaluation finishes.
Batch progress: s
Spectium progress: geg | Region 5783 - 5873 refining: R<S0= 0.97

Details

2011-01-30719:51:43 -
IMFO: Measurement 1D: -1

INFO: Measurement name: D4 kalibr. hagyomanyos rendszerel 2002 okt.
8[CODOTT1B.DAT]

IMFO: Short format name: AccuSpec

IMFO: Comment:

INFO: Energy calibration's title: Energy cal. from CODO111B.DAT

IMFO: Energy calibration: E_kew = Ch * 0.27 + -0.138

IMFO: Fw/HM calibration's title: FsHM cal. from CODO111B.DAT

IMFO: PvH calibration: Fwshm_Ch = sqitf 8.9437 + 0.0070385 % Ch]
INFO: Acquisition start: 2002 Oct 07, 16:17:00.000

INFO: Acquisition end: 2002 Oct 08, 05:17:00.000

IMFO: Livetime: 4£800.000 sec

INFO: Truetime: 465300000 sec

INFO: Spectrumn part info: 2 parts

INFO: Type of part#1: 2 [LFC corected gamma spectum)]

IMFO: Type of partz 1 [Mormal HPGe gamma spectium)

INFO: Min ent: 0, max cnt: 739114, sum cnt: 62908134

INFO: Variance correctar applied: Westphal's carector + HyperLab zero-
count varance adjustment

m

i & Stop

Start batch evaluation of selected spectra
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11. Advanced database manipulation

Although HyperLab utilizes relational databases as primary data storage method, there is no
need to interact with its raw data in the course of your daily work. There are cases, however,
when an advanced user requires direct access to the data contained in HyperLab databases.
As the following sections will contain several database diagrams, we provide a quick overview
of database terminology and the database diagrams used within HyperLab documentation.

11.1. Database structure basics

Relational databases use a strict, well-defined hierarchy for data storage and retrieval.

Databases

The database is at the top level: it is a standalone entity encompassing all data that may be in
connection to each other by any means.
Databases contain several data tables (e.g. Nuclide, Spectrum and Peaklist tables).

S
-

Peaklist

Data tables

Database tables consist of a header and data rows, and each row has exactly identical inner
structure. Data rows are also called records in database terminology.

NUCLIDE_ID A Y4 Symbol
51124 124 51 124Sb
51125 125 51 125Sb
52126 126 52 126Te

This figure contains a small part of the Nuclide table. Several data records are contained, and
each row describes a unique Nuclide entity. Records may be queried, updated, inserted or
deleted in a data table.
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Data fields

A record comprises of several fields. All records in a table must have fields of identical name
and data type. For example, a Nuclide record contains the following data fields:

Field name Field value Type of field
value
NUCLIDE_ID 51124 integer
A 124 integer
4 51 integer
Symbol 124Sb string

The values of the data fields may be queried or updated individually in a record, if the record is
identified by its primary key (see below), and the field is identified by its name.

Primary keys

Database management systems are required to retrieve, insert and delete records efficiently. To
accomplish this task, each record must be unique, that is, must be identified unequivocally
within a table. For identification purposes, one or more field values are used together, thus
forming an identifier, or primary key.

For example, unique identifier of the nuclide table is a special field named NUCLIDE_ID. As it
is declared unique, the database management system guarantees that duplicated
NUCLIDE_ID will never be kept in the Nuclide table.

Please note that the A, Z field combination also would have been used as a primary key, but a
single primary key was chosen because of its simpler usage.

11.2. Database diagrams

Database diagrams provide information on database tables, fields, and logical relationships
between tables.

The rectangular objects with heading |nucLIDE -
depict database tables, where the heading |# MUCLIDE_ID
contains the name of the table (e.g. |¥ # MUCLEWVEL hd
“NUCLIDE"). 9z F MUCLEVEL_ID
. . G SYMBOL @ MUCLIDE_ID (FK)
The rows under the heading list the data |, -t o E
fields in a specific table (e.g. “A” or “Z” |4 EMPLOYEE_ID & EUNC
means mass number and proton number |@ CREATICNDATE @ T12
for a specific nuclide. G NUCLDATASOURCE_ID @ T12UNC
@ MUCLDATASOURCE_ID

The graphical symbol before the field name shows additional information about a field.
&  Regular data field.
%  Primary key data field; all primary keys together will uniquely identify the record.

« Foreign key data field; references to a record of another table.

-< One-to-many relationship; depicts that many records of the second table may have
reference to the same record of the first table.
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In our example this means that more nuclear level entries may refer to the same nuclide.

11.3. Nuclear data structure in HyperLab databases

HyperLab databases contain nuclide, nuclear level, isomer, decay and radiation information.

NUCLIDE -
§ NUCLIDE_ID
% NUCLDATASOURCE_ID MUCLEVEL -
@A # NUCLEVEL_ID
@z @ WUCLIDE_ID (FK) ISOMER -
@ SYMBOL @ E % ISOMER_ID
% EMPLOYEE_ID & EUNC @ NUCLEVEL_ID (FK)
< CREATIONDATE & T12 @ SYMBOL
& CMT @ T12UNC < [SOMERNUM
@ NUCLDATASOURCE_ID & HALFLIFE

< HALFLIFEUNC

& CMT

% EMPLOYEE_ID

% CREATIONDATE

@ NUCLDATASOURCE_ID
DECAY =
¢ DECAY_ID
@ ISOMER_ID (FK} RADIATION i
% TRAMSITIONTYPE_ID F RADIATION_ID
& NAME & DECAY_ID (FK) RADUSAGE %
< DECAYERANCHING & RADIATIONTYPE F RADUSAGETYPE_ID
< DECAYBRANCHINGURNC & E F RADIATION_ID (FK)
& CMT @ EUNC & CMT -
< EMPLOYEE_ID @ INTENSITY & EMPLOYEE_ID
@ CREATIONDATE & INTEMSITYUNC & CREATIONDATE
% NUCLDATASOURCE_ID & CMT

@ EMPLOYEE_ID

< CREATIONDATE

@ MUCLDATASOURCE_ID
@ REACTION_ID

& TRANSITION_ID

< TRANSFORMCHAIN_ID

For diagram legend, see section Database diagrams.
HyperLab's nuclear data tables are the following;:

Nuclide Contains basic information about a nuclide (isotope). Its primary key
is the NUCLIDE_ID, which is composed from the mass number and
proton number.

E.g. nuclide with NUCLIDE_ID=51124 is 124Sb.

NucLevel Describes one nuclear level of a given nuclide. Contains level energy
and lifetime information, and refers to its belonging nuclide.

E.g. level with NUCLEVEL_ID=511240002 is the E=10.86 keV level of
124Sb with HALFLIFE=93 sec.

Isomer Describes one specific isomer level (a nuclear level with practically
significant life time). Contains a symbol for that isomer (e.g.
“124Sb_m1"). Refers to the nuclear level which it belongs to. At most
one isomer level may belong to a specific nuclide level.

E.g. ISOMER_ID=511241 refers to the isomer level of 93 sec
mentioned before.

Decay Describes one decay which starts from an isomer level. Also contains
a descriptive name for that decay, e.g. “124SB IT DECAY (93 S)”.
Zero, one or more decay may belong to a specific isomer.

E.g. DECAY_ID=5112410 is the isomer transition, and
DECAY_ID=5112411 is the (- decay, both originating from the same
93 sec isomer of 124Sbm1.

Radiation Describes one radiation for a decay (or for another nuclear event).
Contains energy and intensity information, and refers to its parent
decay.
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E.g. RADIATION_ID="D05112411000001" is the 602.72 keV radiation
of the 124Sbm1 isomer's (3- decay.

RadUsage This table contains radiation usage flags. One RadUsage record
designates if a specific radiation may be used for a given task in
HyperLab.
Usage types include “Energy calibration”, “Efficiency evaluation” etc.
About their manipulation, see more details in Nuclear data library
management.

11.4. Nuclear data library management

HyperLab inserts significant amount of nuclear data into each HyperLab database during the
installation. This section describes the most important database editing tools regarding nuclear
data. See also detailed information in section Nuclear data structure in HyperLab databases.

11.4.1. Editing radiation usage flags

HyperLab makes it possible for you to decide if a radiation may be used for a particular
purpose, e.g. for energy calibration, efficiency determination and so on. This is achieved
through the radiation usage flags, which can be conveniently edited on the given radiation's
property page.

In our example we show a method that is applicable to permanently disable the 443keV lines of
152Eu isotope for efficiency calibration purpose (these lines are improper for efficiency
determination purposes because the level scheme results in two overlapping 443keV peaks).

Locating the given radiation

Open your database in Main Module.

Double-click on Nuclear and component data | &l Hypeitab Main Module - user HLUserd, instance =L on WORKSTATIO.. | o || &) )
. g File  Qpti Hel

node, then select Nuclei, decays & radiations. | o

ir Selected item: Muclei (3 tasks,
. .. . 0 sub-it
The list of nuclei is displayed now. e 5
4 I HyperLah databases -
4 | ) Databaze HyperLabl on AMSSOLHYPERLAR
. . . . - 1
To quickly locate a given nuclide, click a S FomenL ot sample secha
. . » iy Measuing environment
nuclide node, e.g. “1H”, then quickly start ,....ef Mudloar and somponent data
. . /@ Mucki, decaps & radiati =
typing the symbol of the searched isotope. Ao o Tasks |Subitems
..® 2H . Create report
In our case, type “152”. The data browser ® e %Importmissingdeca}ldata
. . . @ 4H =] Impart reaction data files
now locates the first nuclide with the typed Sy
. @ 7L
mass number. o e
. @ TBe
. 10B
@ 11B
.. 120 &
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ﬁ’ff HyperLab Main Module - user HLUserd, instance =1 on WORKSTATIO.., EI@

File Options Help
? Selected item: Radiation {4
tasks, O sub-item)
Id: D06315200000039
- @ 151Eu - Ernergy: 443.9650 ke +0.003...
4--@ 152Eu Intensity: 283 +0.81 %

4 Q: lsomers and decays

4 @: 152Ew T1/2=13537 y, LevelE= 0.0000 ke
4@, 152EU EC DECAY [13.537 )

Ll‘ Energy: 121.7817 keV, Int: 28.68

Energy: 1408.0060 ke, Int: 21.0 Taszks __'
é Energy: 964.0790 keV, Int: 14.64 g _SUh “emé
-y, Enengy: 11120890 ke, Int: 136 iadiation propetfies
2, Energy: 1085.8890 ke, Int: 10.2 New Radiation
-y Energy: 2446975 ke, Int; 7606 || 2% Delete Radiation enty
"y Energy: 8673730 ke, Int: 4.258 15 Create iepart
‘1‘ Energy: 443.9650 ke, Int: 283 [
“?‘ Enerngy: 121293480 ke¥, Int: 1.42
‘1“ Energy: B88.6700 keV, Int: 0.853
‘1‘ Energy: 10052720 ket Int: 0.64
"L Frerw 14R7 R4A0 ke Ik NAN T
1 3

Editing radiation

Double-click on 152Eu node, the open its
13.5-year 152Eu isomer and its

152Eu EC decay.

If you check the list of radiations, you can
observe the two 443-keV gamma lines of
this EC decay.

Click the first 443-keV radiation in the list,
and select Radiation properties task at the
right.

The radiation's property editor window
appears now.

You can see the various usage types at the bottom of the radiation property editor window.

Radiation properties oo =)
Selectsd radistion - pg 1 | Selected radiation - pg 2 | More radiation entries |
RADIATION ID DO5315200000039
RADIATION TYPE G
EMERGY 443,965 ke +- 0,003 kev
INTENSITY 2929994 +- 002299718
DECAY | 152ELl EC DECAY (13.537 ¥) BEEEL)
REACTION EH®% 6
TRANSFORM, CHAIN BiERaN-]
TRANSITION EH®% 6
RADIATION USAGE | ¥ Energy caiibration
[¥ Fwhm calibration
¥ System nonlinearity calibration
[¥| Detactor efficiency calibration
[¥ Detector resalution determination
[V Quantitative analysis
[¥ Background calibration
| @ Hep H & ok ‘ | € cancel | A apply

If a check mark can be seen beside a
specific usage type, then this radiation will
be used for that selected purpose.

Remove the check mark beside “Detector
efficiency calibration”.

When you click this check box, the change
will be immediately stored in the database,
and next time the efficiency analysis
module will not use this radiation.

Click OK, and repeat this editing for the other 443-keV line.
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11.5. Importing data into external applications

HyperLab databases contain all the data resulting from peak evaluations and various
measurement system analyses. This section contains an example of the retrieval of such
information. First create an ODBC data link for your database, if it is not created yet. See
“Creating an ODBC data source” for further details.

11.5.1. Importing peak lists

This example shows the importing of a specific peak evaluation into Microsoft Excel.

1.

First you have to know the
PEAKEVAL_ID number of the peak
evaluation for which you want to query
the evaluated peaks. You can find it as
“Id” in the Detail lister window of the
Main Module, when you click on the
peak evaluation data node at the left.

In this case the Peak Evaluation Id is
3717.

ﬁ‘ﬂ HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATIO... EI@

File Options Help

.ﬁ-

AypeiLab databaszes -
B Database HyperLabl on AMSSALHYPERLAE

47 User projects

o 7 HyperLab sample spectia

4 ) Measurements

§ betu) D4 kal 2002, okt 1 [CODDINADAT
4 bug) D4 kal 2002. okt. 1 [BABS2114.DAT]
|, Peak eval of D4 kal 2002, okt

m

- )| Peak eval of D4 kal 2002 okt
> W] Spectra i

4 n 3

Selected item: Peak evaluation
entry {7 tasks, D sub-item)

Id: 3717

| Mame: Peak eval. of D4 kal. 20...
Last modified at: 1/30/2011 7....

| Last modified by: Database ad...

| Mumber of regions: 24

| Max XS0 of regions: 18118

| Mumber of peaks: 40

| Max peak area: 872379

[ Open with peak evaluatar o

B Craate mew neak swahstion

Tasks

Start Microsoft Excel and select its Data / Get external (ST I =

data / New database query menu.

Select the ODBC alias you have created previously.
Make sure that the Query Wizard check box is checked

at the bottom, and click OK.

Microsoft Excel tries to connect to the
database, and displays an SQL Server

login dialog box.

For default HyperLab installations, un-
check the Trusted connection check box,
and type your user name “sa” as well as

the password. Default

HyperLab 2013  product line

“Hlpwd2013” (in case of an upgrade, try

password  for
is

Databazes | Queriesl OLAP Cubesl 0K

<Mew Data Sournce:>
dBASE Files®

Eucel Files®

M5 Access Databage®
iy Hyuperl ab databaze”

Cancel
Browse...

Options...

AU

[Delete

2

¥ Use the Cuerp wizard to create/edit queries

=
g Connecting to data source. ..

SOL Server Login

Data Source:;

iy HyperLab databaze ak.

Cancel

Login 1D:

Help

Password:

Optiong »>»

hlpwd2002, hlpwd2005, hlpwd2008 or hlpwd2009). Click OK when you are ready.
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4. The Query Wizard appears now, where
you can select the data table from which
the data to be imported. Select PEAK table
from the list of tables at the right, then
click on the arrow button (“>") pointing to
the right, in order to add all fields of PEAK
table to the list of queried fields.

When you are ready, click Next.

Query Wizard - Choose Columns [ ]
‘What columns of data do you want to include in your querny?
Avvailable tables and columns: Lalumns in your query:
PEAKEWAL ;I i j
-
<
PEAKEWALCAL —I J
PEAKEYALCALPARAM ey i |
PEAKEVALCALPARAMLIST
PEAKEVALMETHOD
[+ _PFAKFWA] PEAE LI
Freview of data in selected column:
@l Ereview How | DOptions... | < Back | Hest > | Cancel I
Query Wizard - Filter Data | x|

Filter the data ta specify which rows ta include in your query.
If pau don't want ta fiker the data, click Mext

LColumn ta filker:

Only include rows where:

PEAKEYAL_ID

quuals 3717 j
& And O
| [ | I
€ hnd 000
PEAKEVALPEAK_ID
GAUSSPwWHM I = |
GAUSSPwWHMUNC j Clhnd £
@I < Back I Hest » I Cancel |

Now the very important filter window
appears. Here you can select a small subset
of the records from the huge amount of
peaks stored previously in the database.

Filtering is performed via specifying a
filter condition on the field values of the
peak record. Only those peak records will
be selected where this condition is met. In
our case the condition requires that the

peak evaluation of the peaks equals to

3717. To specify this condition, select PEAKEVAL_ID field on the left, “equals” operator at
the middle, and type in “3717” to the value field. When you are ready, click Next.

Query Wizard - Sort Order

Specify how you want pour data sorted.
If wou don't want bo sort the data, click Mesxt.

Sart by -
IE ﬂ {* Azcending j

" Descending
Then by

" fizcending
| Descending

! [

vI

< Back I Mext = I

Cancel |

a)

Query Wizard - Finish

6.

At the next step you can specify the sorting
criteria. In our case it is advisable to select the
energy field “E”, which sorts the peaks of a
specific peak evaluation by their peak centroid.
When you are ready, click Next.

7. At the last step of the Query Wizard,

—What would you like to do next?

& Retun Data to Microsoft Excet

" Wiew data or edit query in Microsoft Query

 Create an OL&P Cube from thiz query

Save Query... |

simply click Finish button in order to
return the queried data to Microsoft
Excel.

@ cBack [ Finisn |

Cancel
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8. Excel's worksheet displayed again,

requiring you to specify a desti- J Eile Edit Wew Insstt Format Tools Data MWindow Help

nation for the queried data.
Specify the target location, and click
OK.

IDedH|ERY | iaRF| - |a= %
Al | =
A | 8 | ¢ | o | E | F
....... ]
Returning External Data to Microsoft Excel E

|-
=

{* Existing worksheet:

Where dao wou want to put the data?

™ Mew warksheet
' PivotTable repart

[T

Cancel |
Properties... |
Parameters... |

9. Finally, the retrieved data is

displayed in Excel, where further
processing may be performed on it.

File Edit ‘iew Insert Format Tools Data ‘Window Help

DEEERY iBBC v-o- @3 A 2 4|l
L2 | =]
A B [ C | E | G [ H

| 1 |PEAK_ID PEAKEVAL_ID  POS E AREA AREAUNC

| 2 | 247519 37 52.69 33.63 1910 202.9
| 3| 247620 77 85.82 34.31 20119 3740
| 4 | 247621 77 87.95 35.78 5665 259.4
| 5 | 247822 717 11013 4487 2014 831.3
B | 247623 77 12087 49.36 &70 276
| 7| 247624 7 123.57 50.37 1322 370
| B | 247825 37 125.89 51.32 1919 456.5
| 9 | 24762 77 130.49 53.20 26015 1478.9
10| 247827 77 154.22 62.92 1227 4323
(11| 247628 717 171.16 £9.86 1468 4713
12| 247629 77 130.44 7775 94235 140768
(13| 247630 7 134,95 79.60 15452 1406 6
14| 247631 37 198.41 720000 4043.0

g1.01
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12. Database maintenance

The following sections describe the common tasks regarding HyperLab databases.

Generic information

HyperLab installs the Microsoft SQL Server database management software component by
default.

HyperLab databases are kept in disk files, containing all measurement and evaluation
information used by the spectroscopist. These database files are installed in your
“My documents \ HyperLab \ Databases” folder by default.

These are the data files which contain your data, and you need a continuously running server
application, which provides these data in a structured manner to every application that
requires them. This is the Express Edition of Microsoft's SQL Server, which is installed as a
service application for Windows 2000 systems and above. These service applications are started
automatically by Windows upon the boot process, even if no user is logged in to the computer.
This way a properly installed and configured SQL Server application is ready to serve remote
requests when the computer is switched on, so no special actions are needed on computers
which are used as a central HyperLab database server.

12.1. Database creation

It is necessary to create new HyperLab databases when
e you start using HyperLab, or
e it is advisable to separate measurement and evaluation information into two or more
independent databases. This latter scenario is used e.g. when two spectroscopists work
independently of each other, and keep their work separately; or when an institute
working on two unrelated research fields.

To create a new HyperLab database, follow the instructions below.

Click Local database server node, then on
Specily login name and password for the local database server, then dlick Next. the task Create a database. Database crea-

ting wizard appears now. Enter login
OB s 21 | name sa and password for the database

administrator.

Note: Default database server password
is Hlpwd2013 for the HyperLab 2013
product line (after an upgrade, you may
also try hlpwd2002, hlpwd2005,

ceack [ we | oo | hlpwd2008 or hlpwd2009).

When you are ready, click Next.

94 HyperLab Reference Guide



Database maintenance

Specify the name of the new database,
then click Next.

An automatic database creation process
is started, which also incorporates the
copying of large amount of nuclear data
to the new database. The process may
take several minutes. When the copying
process ends, click Finish.

12.2. Database registration

=]

.F,S‘,’ Creating a HyperLab database

Specify parameters for new database and initialization data, then click Mext,

New database name: IHyDerLab]

Location of new database: IC “Documents and Settings'HLU ser3 My DocumentsiHyperLabh

Existing databases:

Initialization data

Basic data file: IC “Documents and Settings'HLU ser3 My DocumentsiHyperLabh

Muclear data file: |C \Documents and SettingsSHLU ser3\My DocumentstHyperLab'

< Back | Mexst > I

Cloze |

[[=] 3

F¥ creating a HyperLab database

Database successfully created at the local database server. Click Finish ta close wizard.

Meszages:

DocumentsyHyperLabhD atabases\HyperLabl.mdl’ created successfully
== D atabase 'HyperLabl' successfully opened

== Creating database tables...

== T ables successhully created

== B asic data file successhully opened

== |nzerting basic data records...

== B asic data records successhully inserted

== (pening huclear data initialization file. ..

== |ngerting huclear data records. ..

532 nuclides and 531 decays will be stored

== Muclkear data for 532 nuclel successfully stored
== 532 radiation library entry successfiully stored
= Nyckear data records successfully ingerted

< Back Hext >

When you create a new HyperLab database, SQL database server will be its owner. However,
sometimes HyperLab will not be aware of this new database without registering it. During
registration, an entry is created in the file My Documents \ HyperLab \ HyperLab2013 \
RegisteredDatabases.xml, which will direct HyperLab to display the database in the Main
Module's database browser tree, under HyperLab databases node. In order to register a newly
created local database, follow the steps detailed below.

e C(lick on the HyperLab databases root
node in the database browser tree of
the Main Module, then click Register
a local database task from the Tasks
window.

=1 E3

[ HyperLab Main Module - user HLUser3, instance #1 on workstation3/1...

File Help

5
8 Hyperlab databases
] Local Database Server

Selected item: Databases [2 tazks. D sub-item)

Tasks

Sub-items

local database

Fegister a remote databaze

|Selected item: Databases (2 tasks, 0 sub-item) ]
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£ rRegistering a local HyperLab database M=] E3
S pecify login name and password for the local databaze server, then click
Mext.
MSSOL login name: ISa
MSSOL password: ||
< Back | Mext » I LCloze |
Req 0 D DE b d 1 - |0 =
Specify databaze name, then click Mext,
Databaze name: |HyperLabi j
< Back | EMests Close |
frﬁff Registering a local HyperLab database [0

Local databasze successfully connected. Pleaze change itz description, if
needed, then click Finish ta register it.

Descrption; |HyperLabl database on local machine

Additional info:

Databaze name: HuperLabl ;I
Databasze zerver WORKSTATION3

Database server version: 800,760

Databasze zerver level: SP3

Databaze server edition; Deskiop Engine

Database zerver collation: SGL_Latind_General CP1_Cl_AS

=l

< Back | Hext = I

Frish |
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e The local database
wizard appears now. Enter a valid

registering

database user name and password,
then click Next.

e Select a local database that is not
currently registered, then click Next.

e If the selected database is accessible
on the local database server, you can
specify a for the
database. This description will be
displayed in Main Module's data-
base browser tree, under HyperLab
databases node. Also some attributes
of the local database server are
displayed.

description

e When you are ready, click Finish.
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12.3. Database backup

Regular backup of your working environment is essential if you want to avoid a dreaded data
loss accident. Fortunately, as HyperLab stores every important piece of information in a
database, this is reduced to just two simple steps:

« back up the database,

-+ move the single backup file to a safe location. This must not be on the same computer!

To initiate a backup, select Database Server £ Hyperlab Main Madule - user HLUserd, instance %1 on WORKSTATION... | o || =) |5
. . File Options Help
item on the left, the click the task Backup a 5 P T I —

tasks, 0 sub-item)
database on the Tasks pane.
4 ¥y HyperLab databases
i 4| Database HypeiLabl on AMSSAOLHYPERLAE
47 User projects
: » ) HyperLab sample spectra

; i i Task: il
N Measuring ervitonment asks | Sub-items

- @ Muclear and component data Il Create a database
» 7] Genenc data [E]Manage datshase server
| _’ D atabase Server [Z] Attach a database file

El Detach a database file
EI Backup a databasze

. r - Il Festore a backup

Specify database user name and password, | & Backing up a Hypertab database [E=SEoR =
and Clle Ne'Xt' Specify login name and password for the local database server, then click Mest.

SOL Servername: \MSSOLHYPERLAR

MSSOL Jogin name:  2a
MSSOL password: sesessses
< Back Mest » | | Lloze |
Select the database to backup. In this {0 Backing up a HyperLab database E=NE=R
example’ we haVe Chosen the HyperLabl Select database to backup. then click Next.
database.
D atabase to backup: | HyperLabl -

The name of the backup file is
automatically generated, so you do not
have to modity it.

If you are ready, click Next.

Backup file name: rLab\Database Backups\HyperLab1_2011-01-30-22h04m1 9. hibup

| < Back || Mext » | | Lloze |
NOW the baCkup Operatiorl Starts. -_g,"f)'l Backing up a HyperLab database EI@
It Should flnlsh Within a feW minutes for even moderately D atabaze backup file successfully created. Click Finish to cloze
wizard.

sized databases.

After backup ended, a message appears in the backup — s e
window. Click Finish to acknowledge it. _ E _

Do not forget to copy your database backup file to a safe place (e.g. to a DVD) !
a Do it immediately after you performed a backup, otherwise it is pointless.
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12.4. Restoring a database from backup

Database backup files has essentially two usage in case of HyperLab:

«  Protect your precious measurement and evaluation data against being destroyed,

« Provide a simple mean to transfer your complete work from one workplace to another.
The process of taking a previously created HyperLab backup file, and turn it back to a usable
database called Restore.

{4 HyperLab Main Module - user HLUserd, instance =L on WORKSTATION.. [ == [#=| | To initiate a database restore, select
lEl; dpons Heb TR —— Database Server item on the left, the click
the task Restore a backup on the Tasks pane.

tasks, 0 sub-item)

4 HyperLab databases

i a4 Database HyperLab1 on AMSSALHYPERLAE
4 |7 User projects
; -] HyperLab sample spectra

: i i Task: -i
g Measuring ervironment asks | Sub-items

- @ Muclear and component data Il Create a database
: -] Generic data [E] Manage database server
o] _’ Database Server [Z] Attach a database file
zl Detach a database file
[Z] Backup a database
e = ' II Restore a backup
i Restaring a HyperLab database from backup = = Speley database user name and
Specify login name and password for the database server, then click Mext. password/ and Clle Next-

SOL Server name: \MSSOLHYPERLAR
MSS0L Jogin name:  sa

MSSOL password ssesessss

< Back Hest » ] | LClose |
i Restaring a HyperLab database from backup = Eoh <= SeleCt the baCkup flle by Cthlng on the
Select database backup file and specify name of new database to be created from backup file, then folder ICOn at the rlght
click Mext

Backup file name: rLabh\Database Backups\HyperLabl_2011-071-30-22h04m19. hbup

The New database name contains the name

Mew databaze name:  HyperLablRestored

Falder for new database;  C:\UsersHLUserd\Documents\HyperLab\D atabases's Of the database that Wlll be Created fI'OIn
that backup file. You are not allowed to
Ewisting databases; | HyperLabl Mote: specify a name for the new . . . X .
e st ey specify an existing database, otherwise it

would be overwritten.

cgack | me> | [ o= ||| If you are satisfied with the restore
parameters, click Next.

{2 Restoring a Hypeilab database frombackup [ = [ = [#5] | After acknowledging an information window, restore
process starts. Finally a dialog appears, showing the
status of the restore operation. Click Finish to close

[ ook ][ ten> the window. After you registered the new database in
your HyperLab application, you can start using it.

Databasze file successfully restored. Click Finish to close wizard,
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12.5. Configuring remote access

Please note that a newly installed SQL database server will not be accessible from the network
unless you enable TCP/IP networking protocol for the SQL Server application. This is due to
security reasons: virtually every remotely accessible service may lead to a system compromise.
Note: If you are using a database only from the same computer — in other words, you are using
‘Local database' topology — you should not enable remote connections.

Enabling TCP/IP networking protocol for the SQL Server

If you want to enable remote HyperLab Main Module instances to connect to you database
server, enable its TCP/IP networking protocol by performing the following steps:

Please start SQL Server Configuration | Games
Manager manually from the start menu to + Hyperlab Games
configure network protocols  Mantenance

gu p : . Micrasoft SQL Server 2008 Computer
Start this utility by click on start /211 | Micresoft SQL Server 2008 R2
Programs /[ Microsoft SQL Server 2008 4 Import and Bxport Data (32-bit) Gontialiian =

) ) , Configuration Taols

R2 / Conflguratlon Tools shortcut. E S0L Server Configuration Manac Devices and Printers

This requires Administrator privileges. 5] SOL Server Errar and Usage Rep
5 SOL ServerInstallation Center = Default Programs

When the configuration utility starts, open Sq Server Canfiguration Manager ===
the SQL Server Network Configuration node on ;}'*@th”' ée‘” |ﬂ
. 2alNENES
the left, then click on Protocols for —
. @ SOL Server Configuration Manager (Local) Pratacal Mame Status
MSSQLHYPERLAB item. E SQL Server Services W~ Shared Memory  Enabled
. . a G SOL Server MNetwork Configuration (32bit) . .
Check at the right if the status of the TCP/IP & Protocols for MSSQLHYPERLAB
. . . = . . " . ; [ 15able
is Enabled. If this is the case, then the £ 501 Native Client 10.0 Configuration (3201 | o 7 Disabled
database server is accessible from other o '
computers via TCP/IP networking, so you
can skip the further steps.
If the status is Disabled, then right-click on it, | & saseverConfigurstion tanages [E=H[E=H S
. Eile  Action View Help

and select Enable. A message will pop up, €3 2B 00008
notifying you about that an SQL Server ‘Q SOL Server Configuration Manager {Local) Mame State

: . P B S Server Sevices
restart is required to the changes coming into | -« & . st Confasion B | 1 e e (SCLHOPERLAT) St

Protacols for MSSOLHYPERLAB N ) .

effect. + B SOL Native Client 10.0 Canfiguration (32bit) LSO Server Browser Running
To restart SQL Server, click SQL Server g r—— 5
Services at the left, then right-click over SQL

Server (MSSQLHYPERLAB) on the right. Choose Restart from the popup menu, and wait until
it completes.
You can access your HyperLab databases from other computers now.

Enabling communication through firewalls

As a networked SQL Server accepts TCP/IP requests through the network, it requires
appropriate network ports opened on your firewall. For default installations, the TCP port 1433
should be enabled.
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Note: Opening a port on your firewall poses severe threat to your computer system. Open
the port only for the computers on your LAN, and only if remote access is really
required.

See http://support.microsoft.com/kb/841252 for details.

12.6. Database upgrade

The inner structure of the HyperLab databases is rarely changing with newer versions of
HyperLab, and these minor changes are transparent for different HyperLab versions — that is,
the HyperLab 2002, 2005, 2008 and 2009 branches are able to use the same databases.

However, from HyperLab 2009, advanced database functions are introduced — for example the
P/T (peak-to-total) analysis. These new functions of HyperLab require at least the 2009.1 version
database.

Several bug fixes and serious speed enhancements (e.g. significantly shorter saving times in peak
evaluation module) are also incorporated in the 2005 or 2008 version of databases, so it is
always advisable to upgrade at least to this format.

You are not required to create a new database in order to utilize these new functions, as
HyperLab Main Module provides you with a Database Upgrade tool, which is capable of
performing these changes in-place.

To upgrade your database to a newer version, please follow the steps below:
1. Always create a backup of your database before the upgrade. This way you will not
suffer any data loss should the backup operation fail.

EE HyperLab Main Module - user HLUser2, instance #... _[Ol=x0l|l 1. Start HyperLab 2013, and open the
de L database you want to upgrade.
-Ir Selected item: Databasze [3 .

tasks. 0 sub-item) Please note that the version of the
£ @ Hyperlab databases Description: My Databass on ... |2 database is displayed at the right

=1 My Database on lacal machine Server name: [local maching]
Databaze name: Myl atabase
Statug opened

Databaze version: 20081

----- [ Generic data Murber of users oggedin 1 [<] 2. Select Upgrade database task. A

wizard page appears now. The
upgrade information panel contains
the possible upgrade steps. Click
Next.

panel.

Tasks | Sub-items

iz Create report
parade database
Repair databaze
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3. DPlease wait while the database up- f# Upgrading a HyperLab database M=1 E3
grade is in progress, then click Next,
and Finish on next page. When you
open your database next time, it will

Fleage wait until databaze vergion number updated, then click Finigh.

Werzion updade log;

Correctly indicate the new version Performing databaze wersion update... ;I
number. [atabasze succeesfully updated to version 20082
< Back Hest =

12.7. Moving databases between computers

HyperLab makes it possible to transfer all your data in your databases from one computer to

another. There are plans to implement an export — import utility, which will be able to transfer

standalone data items between databases, but it is not implemented yet: only complete
databases may be transferred.

There are basically two methods for transferring databases between computers:

« Backup the database and restore it on another computer. This way one single backup file is
created, which can be easily transferred to another computer where it is restored as a new
database. This is the preferred method.

« Detach and attach database files from the local database server. This method makes it
possible to make a copy of the *.MDF (data) and *.LDF (log) files of the database and
transfer it to another SQL Server. Use this method only if backup fails.

12.8. Detaching and attaching databases

When a database is used by SQL database server, it is locked: you are not able to even view into
it, nor make a copy of it. This is due to data protection reasons. Detach operation will break the
link between the database server and data files, while attach will rebuild this link again.

Detaching database files

You can detach a database from the database server, and this way it will stop using it. Now you

can make an exact copy of the database, or delete the database files, if these become

unnecessary.

1. To detach a database from the server, click Local Database Server icon at the left, then select
Detach a database file task from the right.
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E_P‘;J Detaching a HyperLab database

fo o =]

Specify login name and paszword for the database server, then click Mext.

SOL Server name: MMSSALHYPERLAR
MSSOL login name: 22
MSSOL pazsword: seseesees

< Back Mesit » | | Cloze |
E_P‘;J Detaching a HyperLab database EI@
Select database to be detached from server, then click Next.
Databaze to detach: | HyperLabi [
< Back || Mesit » | | Cloze

_3,_':’:" Detaching a HyperLab database EI@

Database fle successfully detached from databaze zerver.
Click Firizh to cloge wizard.

< Back

Heut >

Attaching database files

2. A detach wizard appears. Enter 'sa'
database administrator name and your
password to local database server, then
click Next.

Note: Default database server password
is Hlpwd2013 for the HyperLab 2013
product line (after an upgrade, you may
also try  hlpwd2002, hlpwd2005,
hlpwd2008 or hlpwd2009).

3. A database selection page appears now.

Select the database you want to detach,
then click Next.

4. Click Finish to close the wizard.

If you have a previously saved data file — log file pair, you can attach them to your local
database server. After attaching, the server always search them at the specified location.
Therefore, it is not advisable to attach files residing on removable media, e.g. on a USB key or a

network drive.

ﬁ")‘ Attaching a HyperLab database

Specify login name and paseword for the local database server, then click Mext.

SOL Server name: \MSSOLHYPERLABR
MSSQAL Jogin name: sa
MS50L password: sssssssss

< Back Next > | ‘ LClose ‘
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[=ll=Es To attach a database to the SQL database server,
click Local Database Server icon at the left, then
select 'Attach a database file' task from the right.

A detach wizard appears. Enter 'sa' database
administrator name and your password to local
database server.
Note: Default

'Hlpwd2013' for HyperLab 2013 product line (in
case of an upgrade, you may also try hlpwd2002,

database server password is
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hlpwd2005, hlpwd2008 or hlpwd2009). If you are ready, click Next.

A database file selection page appears Nnow. | @ AttachingaHyperlab dstabase ===
When you SUCCQSSfuuy SeleCted the MDF Select databaze filez and zpecify name of new database, then click Mext.
file, the wizard will automatically fill up the
LOG flle name fleld as Well as the MDF file name to attach:  C:\FromOtherPCyHyperLab. mdf

. . LDF file name to attach:  C:\FromOtherPCYHyperLabl_LOG LDF
descriptive database name. Change the LOG

Mew database name; HyperLabl

file name if it does not match your real file e
name. You can also modify the descriptive

database name. When you are ready, click

Next.

< Back || Mext > | | Lloze
Now the attach process starts. {1 Attaching a Hyperlab database |- || =) |[m]
If an error message pOpS llp about that the SQL Server Local database file_ suu:u_:e_ssfully allachn_ed to databaze server.
has no right to access to the specified directory, then Lliek Finish to close wizard

you should add Full access right to the predefined
NETWORK SERVICE user over the folder and its <Bak [ e

content. Click Finish to close the wizard.

12.9. Creating an ODBC data source

ODBC data sources or data links are a set of parameters stored in Windows. Various
applications use these parameter sets to connect to a specific database.

As opposed to HyperLab 2002 product line, later HyperLab versions do not require the creation
of an ODBC data source for a HyperLab database in order to use it with Main Module.
However, when an external application requires connecting to a HyperLab database, in most
cases the simplest way to perform the data transfer is via a newly created ODBC link.

This section contains the detailed steps necessary to create an ODBC data source for a specific
HyperLab database.

In your Control Panel, go to System and Security / Administrative Tools, then double-click [~ -
Data Sources (ODBC) icon. Y

The ODBC Data Source Administrator window 3/ ODBC Dt Source Aduminstrstr ==
User DSM | Systern DSN I Filz DSN I Drrivers I Tracingl Connection Paaling I Aboutl

appears now. Click on its System DSN tab, and then
on the Add button.

User Data Sources:

Mame  Driver Add...
BRemove

LConfigure.

the indicated data provider. A User data source is only visible to pou,

E’ An ODBC User data source stores information about how to connect to
and can only be used on the curent machine.

Cancel Apply Help
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Create New Data Source =] A database driver selection window appears now.
Select a driver for which pou want to set up a data source. SeleCt the SQL Server ltem, then Clle Flnlsh.
Marne Wersion Camn
E S er E.01.7600.16385  Micn
_J'_ SOL Server Native Client 10.0 2009100160001 Micn)
—_—t—
) nm 13
< Back Cancel
sl =4 Specify the basic parameters of the new database:
hrreato Sl ey e asetaesemiE L type in a name for it and specify the SQL server.
‘What name do you want to use to refer to the data source? . .
E‘I ’ If you are still using MSDE database server
> Mame:  ODBC link to HyperLab1 .
— version (from HyperLab 2002 or 2005), you have
How do you want to describe the data source?
Descipin: to specify only the computer name. In case you
‘which S0L Server do you want to connect to? are uSIHg SQL Server/ a hame required ln the
Server: WORKSTATION4WSSOLHYPERLAB -
format Computer \ MSSQLHYPERLAB.
then just type a dot (“.”) into the Server box.
Description field may be omitted. Click Next if
Finigh ” Hest s | | Cancel | ‘ Help | d
you are ready.
T =4 A client configuration window appears now.
How should SOL Server verify the authenticity of the login ID? SEIGCt the SQL Ser,ve,r authentiCﬂtiOﬂ methOd, and
‘ I INdows authenticalion usin: e nelwork 1ogin . . .
= 1 i_‘:;’"mds M h"‘ et g‘lh _ ‘tD :' an | type “sa” as user name to log in into the server, as
B 8 ith 51 erver authentication using a login D and passwaor
_— ety e e well as the database password. Default password
T_n :hange the r_vetwn_rk library used to communicate with SOL Server, . .
el et Conlgaaton is “Hlpwd2013” (in case of an upgrade, you may
Client Configuration..
LConnect to SOL Server to obtain default settings for the also try hldeZOOZ’ hlde2005’ hlde2008 or
additional configuration options. hlpwd2009)
LoginID: sa :
Bassmard swsevsens Finally click Client configuration button for
detailed connection parameters.
< Back ” Mext » | | Cancel | ‘ Help |
f =%l The Client configuration window appears
.L%? Server glias: WORKSTATION4AMSSOLHYPE I'lOW. Select TCP/IP network library.
“et:“k ':F BaraEnEaED Please note that in order to make TCP/IP
lamed Fipes R RETE WORKSTATIONAMSSOLHYPER N .
o ICPHP § connection work TCP/IP network library
Multiprotocal | Dynamically determine port . . .
M ik [P/ T must be enabled. See details in section
AppleT alk 1 . . “” .
S Configuring remote access” on enabling
;:: this.
5 (5 ] s | | Click OK'when you are ready.

The Client configuration window appears again. Click Next.

104 HyperLab Reference Guide



Database maintenance

Place a tick mark beside check box “Change the
default database to”, and select your SQL Server

database from the drop-down list, then click Next.

Another database connection option window
appears now. Change values if required, then
click Finish.

A summary page appears now, informing you about the ODBC Micrasaft SQL Server Setup ==

ODBC alias created.

As it provides a testing facility, click Test Data Source
button to initiate the testing of the newly created ODBC Data Source Desciption:

link.

Create a New Data Source to SOL Server @

/| Change the default database to:
HyperLabl -

E. h Aftach database filename:
2
i

LCreate temporary stored procedures for prepared SO0 statements and
diop the stored procedures:

Onlp when pou disconnect.

Wihen pou dizconnect and as appropriate while pou are
connected.

V| Use &NS| guoted identifiers
V| Use &NSI nulls, paddings and warnings.

Use the failover SOL Server if the pimary SOL Server is not
available.

<Back || Mest> || Cancel H Help

Create a Mew Data Source to SOL Server @

iChange the language of SOL Server system messages foi

= | Englsh
/l Use strong encryption for data
B e
| Perform tranglation for character data

Use regional settings when outputting currency, nurbers, dates and
times.

Sawve long running queries to the log file:
C:hUzershHLU serdvAppDiatailocalhTemphGOUERY. Erowse...
Long queny time (milliseconds]: | 30000

Log ODBC driver statistics to the log file:
C:hUserssHLU serdvéppDatatlocalsTempiSTATS.L Erowse...

< Back ” Finish || Cancel ‘ ‘ Help

A new ODBC data source will be created with the follawing
configuration:

Microsoft SOL Server 0DBC Driver Verzion 06.07. 7600
Data Source Name: ODEC link to HyperLab1

Server: WORKSTATION4MASSOLHYPERLAR
Databaze: HyperLabl

Language: [Default)

Translate Character Data: Yes

Log Long Running Queries: No

Log Diriver Statistics: Na

Usze Regional Settings: Mo

Prepared Statements Option: Drop temporary procedures on
disconnect

Use Failover Server: No

Uee ANS] Quoted [dentifiers: Yes

Usze ANSI Mull, Paddings and Wamings: Yes
Data Encryption: Mo

| Test Data Source... | Ok | | Cancel |

HyperLab Reference Guide 105



Database maintenance

Test Results

Microsaft SAL Server DDBC Driver Yersion 06.00.7600 -
Runring connectivity tests...

Attempling connection

Cornection established

“Yerifying option settings

Digconnecting from server

TESTS COMPLETED SUCCESSFULLY!

SOL Server ODBC Data Source Test @

E-. ODBC Data Source Administrator

==l

User DSM | System DSM | File DSH | Dirivers I Tracing | Connection Pooling I About |

Swstem Data Sources:

Diiver
(G (B SOL Server

on this machine, including MT services

A0 ODBC Systemn data source stores information about how to connect to
the indicated data provider. A Spstem data source iz visible ta all uzers

Add..
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A message box appears now, and provides basic
information on the ODBC link status. If the “Test
completed successfully” message appears here, your
ODBC data source is ready to use by an external
application.

Click OK to close this window, and click OK again to close
the summary page.

The ODBC Data Source Administrator window
appears again, but now its System Data Sources
list contains the new ODBC data link entry.
Click OK to close this window.

Now ordinary third party applications are able to
access your HyperLab database.

This way e.g. complex evaluations, say, a
Microsoft Excel-based activity calculation
application can be developed.
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13. Importing sample spectra

In order to perform a sample nonlinearity, efficiency and resolution analysis, HyperLab
provides some sample spectra. These should be imported to HyperLab database before

performing any of these analyses.

HyperLab arrives with sample sets for two measurement systems. These are assembled from
the same devices, but using different energy ranges. Our description will only deal with
HyperLab's sample spectra set for the system of 70 keV - 3300 keV range.

13.1. Importing steps

First create a project node in Main Module, which will contain all the sample measurements

and their evaluations.

Then initiate the import of the sample
spectra by right-clicking the Measurements
node under the project and the select

Import spectrum files from the pop-up menu.

Spectrum file importer window appears
now.

Click Add files button, and select 10 sample
Accuspec spectra with “A” ending in their
file name, as can be seen in the picture.

Do not forget to check the settings under
the Main settings tab.

Eff HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATION... EI@
File Options Help

Sy e

? Measurements {8 tasks, 0
Nurmber of measurements...
Mumber of spectra; 0
Nurnber of peak evaluatio

4 U HyperLab databases

4 | Database HyperLabl on \MSSOLHYPERLABR
4] User projects
=) HyperLab sample spectra

| 1l) Measurements

Import spectrum files L\\, Tok
asks _Sub-ilems

Elmpolt spectrum files

'B Batch evaluation

[E]Remove al peak evalua...

EHemove all measurements

EExport all measurements

Batch evaluation
Remave all peak evaluations
Remave all measurements

Expaort all measurements

>0 Generit (4 Create repart -
> Database Server| 1 1 Create repart
- i3 Create report

[E]5earch data entries

Create repart
[E] Search data entries

_Efff] Spectrum file importer EI@

Select spectium files to be loaded, adjust load settings, then press ‘Load files' buttan,
Spectrum files | Main settings I Calibrations I Sample I Advanced

# Spectium type File name Fils falder -

7 AccuSpec CS961474.DAT C:\J sers\HLUserdhDocuments. .

g AccuSpec EUE02574.DAT C\Uzers\HLUzerdM\D ocuments. .

q AccuSpec MNOT041 A DAT C:A\Jsers\HLUserd\Documents... | =
(10 AccuSpec RA37076A DAT CiUzers\HLUserd\Documents, . | +

== Remove J I = Remove all

[ Addiies.. |

Dretails of selected spectrumn file

] 2000 4000  B0O0 8000 10000 12000 14,000 16000

Courntg | Details

I b Load files “ g Cancel ‘
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£ Spectrum file importer [E=REcR=<=
Select speciium files to be loaded, adjust load setfings, then press ‘Load files' buttan.
| Spectrum files | Main settings | Calibrations | Sample | Advanced|
File type
File content [Dual spectrum: LFC-conected ahd nomal spectium halves e
Type of 1sthalt  LFC canected gamma spectum
Type of 2nd halt Nomal HPfie gamma spectum
Determine file type automatically from spectium, if possible
Measurement setup
Mess. setup | D4 Setup 7Okel - 3 3Mev, d=Zicm @A x
[7] Determiing meas. setup automaticaly from spectrum, if possible
Flules for auto determination
Text in spechum fil Assigned measwement selup =
4 New
= Delele
Other measurement details
Meas. method | Diecay-gamma measurement =]
Measuredby | Database administiator [~
I P Loadiiles H € Cancel I

Here you should specify the Dual LFC
spectrum evaluation mode first, as these
measurements are created using an LFC
module, allowing compensation for count
losses due to varying or high count rate
situations.

At the Measurement setup combo box, you
should select HyperLab's sample
measurement setup. This is an important
setting, because all calibration analyses, e.g.
the nonlinearity will belong to a specific
setup, thus the calibration assignment can
be automatic.

If the sample setup can not be found in the

list, create it by clicking on the New entry button beside the combo box.

Measurerment setup properties E@
Selected measurement setup - pg 1 | More measurement setup entries
MEAS, SETUP 1
DETECTOR | D4 E ’
MEASPOSITION | d=25 cm l@%
MEASRANGE |70 - 3300 kel E ’
MAME D4 setup, 70kev - 3.3Me¥, d=25 cm
Apc @
STORED By Database administrator
€ Help H @ oK ] \ €3 Cancel ‘ \ a opply ‘

If creating of a new measurement setup is
necessary, this entry editor will pop up. The
editing can be done on the regular way, as
described in the Importing spectrum files
section of the Main Module Quick Start Guide.

When you are ready, click OK. The
spectrum import form will appear again.

You should check the Calibrations tab now, where the source of FWHM and energy calibrations
should be set to Spectrum files' own calibration values.

Click Load files button in order to initiate the spectrum loading.

Eﬁ" Spectrum file importer

Please wait until spectrum importing finishes.
Progress:

Details

INFO: Energy cal.: from spectium file [E_keW = 0.09393535967513 + 0.4093935336424 = Ch)
INFO: FivHM cal.; from spectium file [Fyhm_Ch = sqiff £.8488 + 0.0040612 * Ch ]

INFQ: Loading AccuSpec spectium file C: 4 sershHLU serdYDocuments\HyperLabYHyperL ab200945 am
INFO: Measurement setup determined: D4 setup, 70keV - 3.3MeY, d=25 cm (ID=1]

INFO: Spectrum stored in database [MEASUREMENT_ID=10, SPECTRUM_ID=19-20, ECAL_ID=13-21
INFO: Title: D4 kal 2002 okt 1 [RAIFO7ER.DAT]

INFO: Energy cal.: from spectum file [E_keW = 0.0939993967513 + 0409393396424 * Ch)

INFO: PHM cal.: from spectum file [Fyhm_Ch = saqit £.8488 + 0.0040612 * Ch ]

Loading of 10 spectrum files finished at 1/23/2011 B:5215 PM

< mn 3

4 [m

\ q Back “ & Close

(=N M= )
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All selected spectrum files will be loaded
now, and the importer will provide basic
information on the loading process.

Click Close to finish loading.
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The database browser now displays the
imported spectra. Now we will complete
their missing sample settings.

The sample is important presently only for
calibration measurements, serving as input
for later nonlinearity, efficiency and
resolution analyses. These analyses will
identify gamma lines by using isotope
information, which is in turn supplied by
the user, during the sample definition.

Radioactive source details

E_r‘? HyperLab Main Madule - user HLUserd, instance =1 on WORKSTATION... EI@

File  Options Help

? Selected item: Measurement
entry {7 tasks, 0 sub-item)
Id: 6
HyperLab databazes - Mame: D4 kal 2002 okt 1 [

B Databasze HyperLabl on AMSSALHYPERLAR
4 -] User projects

4 -] HyperLab zample spectra

4 -] Measurements L

Started ab: 2002 Oct 01, 14:5..
Finished at: 2002 Oct 02, 03:...
Mumber of peak evaluations: 0

-\t D4 kal 2002 okt 1 [CODOT11A.DAT]
»-t) D4 kal 2002 okt 1 [BABSZ114.DAT]
tug) D4 kal 2002 okt 1 [EU202974 DAT]
»otag) D4 kal 2002 okt 1 [CO010428 DAT]
»-t) D4 kal. 2002 okt 1 [COB51854.DAT]
tug) D4 kal 2002, okt 1 [AMB03204.DAT]
»taig) D4 kal 2002, okt 1 [C5961474.DAT]
»-t) D4 kal. 2002 okt 1 [CDO10434.DAT]
tug) D4 kal 2002, okt 1 [MNOT0414 DAT]
-] D4 kal 2002 okt 1 [RAZ70764.DAT] -
4 m 13

Tasks | Sub-items

[2] Create new peak evaluation

Meazurement properties
New Measurement

X Delete Measurement entry

i Create report

[E] Remove all peak evaluations

II Expart inta spectrum file

HyperLab's sample spectra are taken with the following radioactive sources:

Spectrum file Source name Activity Act. unc. Ref. date
AMS80320A.DAT Am-241 OMH 80-320 221.50 kBq 1.0 % 1 Oct 1980
BAS85211A.DAT Ba-133 OMH 85-211 456.40 kBq 1.5 % 1 Oct 1985
CD01043A.DAT Cd-109 OMH 2001-043 100.44 kBq 0.5 % 1 May 2001
CO01042A.DAT Co-57 OMH-01-042 32.63 kBq 0.5% 1 May 2001
CO85185A.DAT Co-60 OMH 85-185 434.60 kBq 0.7 % 1 Oct 1985, 12:00
CODO0111A.DAT Co-56 (Ref.:2001/11/1) - - -
CS96147A.DAT  Cs-137 OMH 96-147 20.75 kBq 1.5 % 1 Dec 1996, 12:00
EU80297A.DAT Eu-152 OMH 80-297 250.30 kBq 2.0% 1 Dec 1980
MNO01041A.DAT Mn-54 OMH 2001-041 18.98 kBq 0.5 % 1 May 2001
RA37076 A.DAT Ra-226 PTB 370-76 112.00 kBq 0.667 %  1]Jan 1978

The corresponding radioactive sources must be created and assigned to the proper imported
measurement. When no activity data is indicated, no absolute activity value is known.
However, as only detector efficiency analysis uses intensity values of radiations, this may be

disadvantageous only in that case.

4 HyperLab Main hModule - user HLUserd, instance #1 on WORKSTATION... |- = || = |5

To define a source, click the measurement and
select its “Measurement properties” task. The
measurement's property editor window appears
Now.

Please check if its Source field is set. If there is no
reference to an existing source, or the
Measurement object type field does not set to
Source, then changes have to be made.

Eile Options Help

ir

4] Userpr
H ) Hi

- D
.j B

a0 R

.

[ ik

A
A
A
&

4 --[) Database HyperLabl on AMSSOLHYPERLAB  ~

rojects
ypeiLab sample spectia

4 j Measuring environment

evices

asic sethings

adioactive sources

) Ra-225 PTB 37076
Mn-54 OMH 2001-041

A Eu152 OMH 80-297

A Cs-137 OMH 96-147

A CoBf (Ref:2001414)
A CoE0 OMH B5-185

A Co&7 OMH-01-042

.

,3;’3 Cd-103 OMH 2001-042
> -,3:"3 Bia133 OMH 85211

- A% Am-241 OMH 80-320

ehins and their assianments

SEIELLEU ILENE KauludLUYe
source entry {4 tasks, 0

Id: 10

Mame: Fa-226 FTB 370-76

Tasks | Sub-items

Radioactive source prop..
% Mew Radinactive source
X Delete Radioactive sour

i Create report
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Measurement properties EI@
Selected measurement - pa 1 | Selected measurement - pg 2 | Spectra | More measurement entries |
MEASUREMENT ID 1
MEAS, METHOD | Decay-gamma measurement =]
MEAS. SETUP | D4 Setup 70keY - 3.3Mev, d=25cm HEH
PROJECT |HyperLab sample spectra =] 2
MAME D4 kal. 2002, okt. 1 [AMB03206.DAT]
MEASIURED BY | Database administrator = »
MEAS. OBD. TvPE |FEELE: B
SOLRCE | Am-241 OMH 80-320 HE Y
STARTDATE 2002 Oct 10 [@~ 122400 % 001 msec A2
EMDDATE 2002 Oct 10 [~ 1z:3400 4 000 msec 2
EXPORT FILE HAME AMBO3204
’ @ Hep H @ ok l [ € cancel l Apply

“Source properties editor window”.

Set the Measurement object type field to
Radioactive source, and check in the list of
Source field's combo if the searched source is
already defined. If it is already in the list,
then select it, and click OK to finish editing
of measurement entry.

If the source list does not contain the
searched source, click the Create new source
entry button beside the combo box. A source
record editor page appears now. For further
details on source entry editing, see section

Note: Alternatively, instead of batch file importing, we could have loaded the spectra one by

one, while supplying the sample information under the Sample tab for each spectrum file.

When all source data is properly set for each sample measurement, the loading of sample

spectrum set is finished.
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