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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 T

to information stored in one or more databases. Spectrum

files
This Installation Guide describes two possible setup

types: one is necessary to setup HyperLab Main Module W A/ Databases

application, the other is to install Spectrum File Batch
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

1.1. Benefits of database usage Report 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.
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System architecture overview

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.

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

Database

coo

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
MSDE 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.
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e Start using your newly registered local database.

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

Database
Database

soo ) ono ()

Local computer Remote computer

Advantages of remote databases

e Remote databases may be shared between working group members
e Database files and the MSDE 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 MSDE database
server.

e 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 MSDE database
server.

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

HyperLab 2005 Reference Guide 7



System architecture overview

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

® 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.

Main Module Database

ooo () oo
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 MSDE database
server.

e C(reate 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 MSDE database server.

® 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 2005.2 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 [ HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKSTATION... [Hi[=] B3
. AT . . E= 5p
hierarchic listing of objects stored in 5 Selected item: M it entry
. . [6 tasks. 3 sub-items]
HyperLab databases. The items displa- =g metsawe & 375
3 . [l Local MyDatabase database Name: Alumina [500q44a.dat]
yed in this tree are called nodes. B3 User projects Started at: 2002 Feb 11, 140700

Detail lister [2] shows common details E """ [ Testprojsct Finished at: 2002 Feh 12, 03:07-00

..... \
El tN.] Measurements Mumber of peak evaluations: 3

Alumina [500g44a.dat
lunina [Si0ghe dat MNumber of peaks: 475
Analyzes

= Lotz and samples
+ | Iradiations Taszks |Suh-ilems

for the item which is currently selected
in the browser tree.

Tasks and Sub-items panels [3] also o [5) Dther projectrelated iters — .
. | R S - [ Test project 2 reate new peak eva.luatlon
refresh their content according tothe | = & 9 Calirations ] Messurement properiss
. -1 Measuring ervirorment | New Measurement
data entry you haVe SeleCted m the W@ MNuclear data 7 Delete Measurement entry
. B[ Generic data -3 Create report
database browser tree. Tasks prOVIdeS -l Local £3 databaze % | Remove all peak evaluations

you Operations Wthh may be - :_i Local Database Server

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

|Selected item: Measurement entry (6 tasks, 3 sub-items) &

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 Tield 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.

Measurement properties !EI

Selected measurement - pg 1 I Selected meazurement - pg 2 I Spectra I More meazurement entriez I

MEASUREMEMT IDv 403
ME&AS. METHOD IDecay-gamma measurement
ME&S. SETUP ISETUF‘ 1 [d4, d=25cm, Range 50 - 2200 ke
FROJECT [HL 2005 test project
MAME IBuu:Ia prof geol. zamples 98 jan 13 [275031_1.dat]

Lefledle]
MER

£

&

MEASURED B IDatabase adminiztrator
MEAS OBJ. TYPE IUnkann # undefined

Lefled e Ll
FMEMNER

SOURCE | 9
SOURCE LIST | 9
SAMPLE | e
STARTDATE | 1398 Jan 13 ~||oz07.00 == |oon msec %)
ENDDATE | 1998 Jan 19 ~||1:07.00 = {000 msec .2
EXPORT FILE NAME [275931_1
& Help | W OK €3 Cancel 9 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.

10

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.

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.
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) The current date and time setter button sets the value of the belonging date/time field to the
current time.

Tab for additional records

The last tab of property editor pages lists additional records.

You can initiate the editing of any Measurement properties M=l E3
record, lf you Select it on the record list, Selected measurement - pg 1 I Selected measurement-pg2| Spectra  Maore measurement entries |
MEASMETHOD_ID[MEASUREMENT_ID|MEASSETUR_ID[NAME [«]
and preSS the SeleCt bUtton' | | 1 1 1 Buda 275 series [275aul.dat]
o 1 2 1 Buda 275 series [275fe1.dat]
o 1 3 1 Buda 275 series [275q31_1.dat]
1 4 1 Buda 275 series [275q31_2 dat]

an

dat]

| - Y™

1 E 1 Buda 275 series [275q32_1.dat]
o 1 7 1 Buda 275 series [275q32_2 dat]
o 1 8 1 Buda 275 series [275q32_3.dat]
| | 1 9 1 Buda 275 series [275zr1.dat]
4 I I 3
A « | > | |
Eilter...
) Help | N OK 6 Cancel | 20| 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 MEEEIEIZ I I =3l
. . lzomers | Mare source entries
source entry, the source editor window
SOURCE ID 21
appears. NAME [CoB0 OMH 5185
Specify a descriptive name for the source DWNEF‘I
. . . STORED BY |Database administrator
in the Name field, then click Isomers tab to STORED &7 [E008 Dec 18, 224558
define the contained isotopes. EIIET

@ Help | @ 0K | €9 Cancel 2 Apply
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Source properties

I tore source enlrlesl

Selected source - pg 1 ¢ lse

M= E

—lzomers assighed to this radicactive source

Isomer  |Calbrated?|  Activity [kBq] Activity unc. [kBg]

>
41 |

o Add isomer... |

CalibiD ate:

2

== Hemave isomer |

Properties of zelected isomer

© Hep | W OK € Cancel |

2 Apply |

£¥ select one or more isomers M=l 3
Available izomers:

- l'a 560

9.04 h)

L b

Em sncua DECAY [1925.3 D) (100%)
---‘11 13324920 ke, Int: 39.98
My 1173.2280 ke, Int: 93.85
-"y B26.1000 ke¥, Int; 0.01

-y 3471400 ke¥, Int, 0.01

---‘11 21585700 ke¥, Int: 0.00
[ ‘g 2505.6920 keV, Ink: 0.00

l l'a BOCo_m [10.47 m]

e’ CEM D E L

=l

r~Details of selected item

lzamer Id 270600
Halflife: 52y
Halflife une. 0.001 »

6 Cancel |

Source properties

Selected source - pg 1 | More source entries I

In HyperLab terminology, the source 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 all possible
decays which are originated from an isomer
state.

To add a new isomer entry to this source,
click Add isomer button.
The isomer selector window appears now.

For our sample source, select 60Co isomer with 5.27 year
half-life. To speed up the selection process, quickly type
in the first few letters of the isomer, and the list will
scroll to the specified position.

You can also browse the decays and the associated
gamma radiations for the isomers.

When you are ready, click OK.

—lzomers azzighed to this radicactive source 1
Activity [kBq] Activity unc. [2] CalibiD ate
0 071 12:00:00
2 Add isomer... | == Remave izomer |
Properties of selected isomer
v Activity is calibrated
Activity (4346 kBqg +-|D 7 4 (1 sigma uncertainty]
Caliorated at [1985-0ct-01  >|[120000 =
Calibrator
Comment J=|
© Hep | W 0K Q Cancel a0 Apply |
Notes:

The source editor's Isomer page appears
again, and the list of assigned isomers
contains the selected item. Now place a check
“Activity is calibrated”, and type in the
certified calibration values. For the “Co-60
OMH 85-185" source of the sample spectra
set, specify 434.60 kBq activity and 0.7 %
activity uncertainty, then 1 Oct 1985 12:00 as
the calibration date.

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.

12

HyperLab 2005 Reference Guide



FWHM calibration

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 HyperLab, FWHM is a peak width function with the following formula:

FWHM =VA+B-Ch
and the resulting FWHM value is in channels. This expression depicts a linear dependence
between the peaks' channel position (or energy) and their squared width.
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 function.
Note: A few HyperLab users argued that this formula is not able to describe the FWHM
properly in case of broad energy ranges (e.g. above 5 or 10 MeV). We are investigating this
issue, which may result in more complex FWHM function in the future versions.
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.

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.
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4.1. Calibration points tab

This tab contains the numerical data necessary to overview the calibration.

These comprise the current status (modi-
e ’ fied or unmodified), and the calibration
Unmocfied calibration: FwHM cal. by Database administrator, st 20051210 21:08: 28, for D4 kal 2002, okt. 1 pOiI’lt hst as well The pOiI’lt liSt contains
Fuhm_ch = SORT[ 2. 2785 + 0.00458318 * Ch ] . 1 i . .
e two or more editable calibration points,
F‘t.No.| Pas [ch] IPosunc[c:h]I Fwhm [ch) Ithmunc. [c:h]I D escription - tO Wthh a llneal‘ fit lS performed, thus
4 1 597.93 0m 247 0.m o .
| 2 ams s e oo determining a channel — channel FWHM
3 356033 0.08 4.43 014 3 . . .
N e o 1t o1 calibration line. If only two points are
| 5 TEen oo fac oo used, the line will necessarily go
|| E 1691.66 0.05 330 01
[ 7 ez oot 262 002 through the points. If more than two
| ] 8 2651.67 0.01 4.02 003 . o L.
1 s e 000 217 0.00 points are specified, a least-square fit is
= performed, in order to determine the
T\ tdd new.. Delet . . . .
fissgen. | Kowe | optimum calibration line between
o | @cna | scattering points.

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.

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
completely 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.

Paints for the Pa/HM calibration To edit the value by hand, just click on the

Pt No| Fos(ch] | Fosunc(ch) | Fwhm(chl |F channel number value, and type the new
> 1 R 001 247 number. To borrow, you should use the
1 2477 91 nm 452 borrow button of the FWHM field.

Modifying FWHM values

FWHM values may also be modified by either manual editing, or by getting the exact fitted
FWHM values from the active HyperLab spectrum. Manual editing may be initiated by simply
clicking on an FWHM value and typing its new value in channels.
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FWHM calibration editor

If you want to borrow a fitted peak width i
value from the current spectrum, click on the 10,000
FWHM value, then on the ellipsis [...] button

beside the number. The spectrum fitting

window appears now. 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 calibration point. Should you want to cancel the
borrowing process, press Esc key.

Note: after borrowing, the channel position of the FWHM point is also updated to the
position of the fitted peak. This behavior is different from what you can experience in the
energy calibration editor.

Adding new points by visual selection

HyperLab also makes it possible to add a new calibration point via a convenient method. If
you click New button under the list of calibration points, HyperLab displays the spectrum
evaluation window, where you can click a fitted peak for FWHM. After clicking, the fitted
peak position and peak width values are used as a new calibration point. This way addition of
a new calibration point may be accomplished rather quickly.

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, the formula changes to the following:
E=A+B-(Ch+ NonlinShift)
This second formula contains the NonlinShift parameter, which is computed from the system's
nonlinearity curve.

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.
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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
Linear & nonlinear data | | Feplace | advanced] linear energy calibration is used for a
Bl 7] 2] typical measurement system. This is a
Mo . = || measurement of a 152Eu source, in the

3 EEE ' 121 keV — 1408 keV range.
%-0-05- The green squares depict the difference
%E:g i ) (the residual) of the calibration points'
TR 0 U U N S position from the linear calibration (red

Sorp e | ine),
Eszz Despite multiple calibration points, a
SD:D 1EI:DD 15:00 20:00 25:00 SD:DD 35:00 4D:EIEI 45:EIEI SD:DEI. Clear tendency ShOWS that the SyStem has
Restioglicane] a significant nonlinear response, which
@ b ”Tl © Corcel | ;Zz;hESVOBS keV at in the vicinity of
eVv.

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, serving 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 may be used.

£ Energy calibration editor M=] E3 ThlS figure ShOWS the effect Of applylng
Linear & nonlinear data Fleplac:el Advancedl a real nonlinearity curve in addltlol’l to
Bl 7] 2] the same linear calibration as seen on

0.3 | the figure in section “Linear and

00z 4-4 nonlinear calibration”.

03 - Please note that the nonlinearity
virtually disappeared throughout the
whole energy range, and much smaller
unwanted shifts may be observed in
peak positions.
SD:D 1U:EIEI 15:00 QDiJD 25:00 SD:DD SSiJD 4U:EIEI 45:00 SDiJD AS you can see the abrupt Change Of the
S green 1o error curve after the last
S ”Tl © caron | calibrati(?n po'int, HyperLab does not
use nonlinearity curves for
extrapolation. When a nonlinearity value is requested for an energy, which is outside the

0.00

00t -4
0024+

0.034--

Difference from calibr curve [ke']

004 -
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energy range of the linear calibration points, the nonlinearity value of the closest point (first
or last linear calibration point) will be used.

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

- itis 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.

The point list contains two or more editable
calibration points, to which a linear fit is f'.b.mdfdhy

performed, thus determining a channel — keV | eiev=cisuns osssie-cn

calibration line. If only two points are used, |[Tasl ae oo oo osi .
the line will necessarily go through the B o5& e drs oo come j
pins. I more than o pontareseciieda {55 B OEEE
east-square fit is performed, in order to [ ,
determine the optimum calibration line N tew. | Kook |

between scattering points. e e

The nonlinearity curve provides a fine tuning, [Herivesity sobiic 20061210 2201 57 -

to compensate system nonlinearity. See further e X Qourcd |
details in section “System 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 1 (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.

Paitts for the linear energy calibration: To edit the value by hand, just click on the

PL#| ChPos |ChPosne] Erery | E channel number value, and type the new number.

| 1 EEHEE [ 0.002 121.7817 To borrow the exact peak position value from a
ol RA7 97FR nnnr 244 F97R

fitted spectrum peak, click the ellipsis [...] button
beside the channel value.

200,000 The spectrum fitting window appears now.
. Click with the position retrieval tool on a peak.
The energy calibration editor appears again, and
o Cnonad the clicked peak's fitted position will be used as

the channel value of the calibration point. To
286 285 200 292 294 296 288 300 302 304 306 305 310

cancel the borrowing process, press Esc.

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.

Puaints for the linear energy calibration; If you want to use a value from the nuclear
PL#] ChPos | ChPosine|  Energy g database, click on the energy value, then on the
CHR 297.854 nooz (BREE | ellipsis [...] button beside the energy value.
2 RA7 A7F, M e 244 FA7R
f,ﬁ‘fSelect calibration line JS[=] B3 The Callbrlltlon llne S€l€Ct01’ ZUlVldOw
By decay I By energy | It t . d d
el cocas st et appears now. It contains decays an
Duick st | - Soby @ Intensiy O Enery radiations from the database.
'Q Sm ;I Ener [keV]l InteLsilyl En. unc. [keV]' Int. unc | = : : :
Se B e Emammmey When this window firs appears, you
152EU EC DECAY (13.537 ] 1408.0080 21.063 0.00z0 0102 = . .
& 152ELl B- DECAY [13 537 7) 40730 14.643 oolgn 0072 can type in the first letters of the
@, 152EU ECDECAY (3.3116 H) 1112.0890 13.685 0.0030 0.068 . .
@, 152E0 B- DECAY (93116 H) 129535395%9 1550378 ggggg ggig element, when the decay lister will
@, 152EL1IT DECAY [36 M) J 867.3730 4,258 0.00z0 0.027 1 h 3 1 Af h
&, 154E0 EC DECAY a0 2530 T D003 | 003 select the appropriate element. After the
@, 154EL B- DECAY 12129480 1426 oot 0008 . . s e
., 15460 1T DECAY [45.0M) BB3E700 | 0859 OOOAD | 0003 element is selected, open it by Chckmg
@, 155ELl B- DECAY (476117 1005.2720 0.643 0.mvo 0.005 .
= lussen  oms o o x| on the [+] at the left to show up its
Q Qcwea | decays. Now click on one decay and its

radiations will be listed on the right.
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To select a radiation, 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.

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 I M=
top, and a peak list at the bottom. Linear & nonlinear data | Replace | Advarced |

The chart shows the calibration points' Bl F[a

difference from the energy calibration line s IR L 7
as filled green rectangles; the calibration 3102 ' :
line with red, and the standard uncertainty 000 { At e
of the calculated energy values. byt (RN
The peak list may be used to add new =

points quickly to the calibration. The

peak list is filtered to display the

015 4

020 4 T T T T T T T T T T t T §

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 G500
Posttion [channel]

Difference from calibr curve [kek

. . Fitted spectrum peaks
significant peaks only: only the peaks N e e e et S I
with less than 0.5% peak area o2 0021 43521 10

. . . . 2 104.8 4274 1264 35 j

uncertainty will be displayed — however,
this value can be edited under the list. If :
you find too few peaks in the list, change 0w | o Qo |
this value to, say, 5%, and all the peaks
above this limit will be listed immediately. To add a peak to the calibration, select it by clicking
on its row, then click the Add button beside the list.
On the chart, gray triangles depict the positions of the fitted peaks, which are listed in the
peak list table. When you click on a peak, its point will be shown with bolder line, and the
corresponding data row will be selected. The difference of the fitted peaks are zero from the

Show spectrum peaks with less than I'I ] % of area uncertainty

calibration curve, as the peak energies are computed from their channel value. When a peak is
used for calibration, a matching library peak is selected for its fitted position, so a real
difference may be computed.
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Notes:

e The gray triangles may help you to notify if you are using dangerous extrapolation: if

the last green calibration point is too far from the last fitted peak — that is, from the last

gray triangle —, its energy value may be rather uncertain. In this case, it is advisable to

use another, 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+Bx*Ch

formula is used. In case of nonlinearity correction, the

E=A+Bx(Ch+ NonlinShift)

formula will be applied, where NonlinShift is computed from the orthogonal polynomial of

nonlinearity curve for a given channel value.

éﬁ' Energy calibration editor

Linear & notlinear datal Calibration chartl Replace A

I[=] E3

r—Calibration equatior

E_kev = 0160222 + 0409495 * (Ch + -137.355°0.0158458°T [2]
+18 0386+0.031 2849+T [3] +12.175+0.075267+T [4] -10.2827+0.14987-T[5]
-0,7534220 284826°T[6])

% = -1.07736 +0.000253707°Ch

T[0]=1.0

T[] = ¥ +0.584249

T[2] = [4 +0.207585*T[1] -0.0439527+T (0]

T3] = [ -0.298456 T [2] -0.281 261°T[1]

T[4] = [ +0.23965[T[3] -0.25661 2°T[2]

T[5] = [ +0.1 00881 FT[4] -0.172767-T[3]

T(6] = [ -0.2246457T 5] -0. 252221+T 4]

Far nonlin shift calculation. Ch iz limited to the 257,88 - 3438.91 channel range.

3

-

Outzide of thiz range the bounding point's shift will be uzed.
—Single-point calculatar
Pazition I'I 00.0 - ID.'I channel
Energy I + I kel
@ Help | W 0K €9 Cancel

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
determination.

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,
possibly its absolute 1o uncertainty. The

and

belonging energy value will be automatically displayed in keV, together with its computed

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.

6.1. 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 [l system nonlinearity evaluator - Max nonlinearity: 0.0305% at 5658 ch, RX5Q: 2.60... [H[=] E3
File Edit Search Yiew Data Fit Options

of HyperLab's Nonlinearity module for e B
H| S R sleu| X
the 152Eu lines of a calibration 4 BBETTE =

Input data ~ Fit | Meszages I

measurement.

The curve itself is depicted by a red line,
its 10 limit with blue lines, while the
data points are from the centroid shift of
the fitted peaks.

The green triangles show the points
where the curve reaches the zero .
nonlinearity value. 4. S T T R Ny ®- |

= 152EJEC DECAY (13537 ¥)
= 152EUB- DECAY (13.557 )

nonlinearity: 0.0305% at 5658 ch, RXSQ: 2.60 - Nonlinearity analysis - 7/3/2006 12:34:5!

System nonlinearty [ch]

In HyperLab, the system nonlinearity

curve always uses the channel-channel

1,000 2,000 3,000 4,000 5,000

Scale, as Wlth these unlts the nonlinearity Measurement position [ch]
characteristics are supposed to be slowly | [ onpeaks =]
Varyjng with the time. |0.426 (3.5%) ch at 1704.5 ch 152E - 5658.3 ch (Chi= 1.1%) alid fit displayed y

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.

6.2. 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.
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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.

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
lines normalize together the individual measurements so that the common chi-squared
is at the minimum.

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.

6.2.1. 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).

£¥l system nonlinearity evaluator - Max nonlinearity: 0.0102% at 2549 ch, R%5Q: 2.60... [H[=] E3 The user can SeleCt from Optlmu m, Lineﬂ]’

File Edit Search VYiew Data Fit Options ft u df d . t t, ( b l )
it or User defined intersection (or baseline

Bl @&l Bk Bl wlelwl X T ]

Inputdta FR | Messages | determination modes. The figure shows

nonlinearity: 0.0102°% at 2549 ch, RXSQ: 2.60 - Nonlinearity analysis - 7/3/2006 12:34:5 the Same nonhnearlty anaIYSIS as

System nonlinearity [ch]

7]/ A— — HRN——— R S AR W |

D5 boooeees B 152E0ECDECAY (13537 ) |-~~~ + -------

075 f==ms P ST + S S section “Nonlinearity curve”, but with
S e S + ____________ ] Optimum baseline instead of Linear fit.

HyperLab uses the Optimum mode by

025 --onmmnoen foesee A 3 R TRt EEPRLEPLRPS foeemeene oo . . :
N A § ’ § default, because in this case the maxi-

O A posssse=cy foomsssesess S R A N mum absolute deviance from zero

| — ____________ ............. ....... o -1 || nonlinearity will be minimized in the

whole energy range (minimax

= 152EU B- DECAY (13.537 ¥)

condition).

t t t t t
1,000 2,000 3,000 4,000 5,000

I

[-0.152 (25.4% ch at 4579.3 ch 152Eu - 5658.3 ch (Chi=1.19) valid it displayed 7

Measurement position [ch]
j {\}I On peaks 'l

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:

22

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.

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.
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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.
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.

6.3. Measurements required for nonlinearity determination

For nonlinearity determination, you need one or more multi-line measurements. The

measurements should have the following properties:

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

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

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
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
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.

6.4. 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”.
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E HyperLab Main Module Z005 - user HLUserZ2, instance #1 on WORK... [Hj[=] Perform a batch or individual

Bile Help evaluation on all measurements, and
Selected item: Measurements . g .
Y J (4 tasks, 10 sub-items) open a multi-line spectrum with the
) Test project Jif Number of measements: 10 | Pegk evaluator. Check the FWHM
EI'\N.] I easurements: | Mumber of spectra: 20 i : ) i ) )
-l D4 kal, 2002, okt. 1 [AMBD3204.DAT] | Mumber of peak evaluations: 10 Cahbratlon, and ad]ust the region fltS, if
.| Peak eval of D4 kal, 2002, okt 1 " Mumber of peaks: 523 . .
-] Spectia ' necessary. Finally save the peak list,

-] D kal 2002, okt 1 [BABS2114.DAT] =
H-- || Peak eval of D4 kal. 2002, okt 1 Tasks | Sub-items |

- ] Spectra =] Impart spectium files evaluation.
i) D4 kel 2002 okt 1 [CODTD434DAT] | ) Batch evaluation

which will be input for the nonlinearity

5 ;‘;:I;t:eaval. o D4k 2002 0K T | 5] oo o pesk evlusions When a'll r?neasure.m.ent are prop.erly
D kal, 2002, okt 1 [CODT042DAT] | 2 Create reper fitted, similar statistics will be displayed
- B[] Pesk eval of D4 kal. 2002 ijﬂ about them at the right side of the Main
lil — 1 d Module window as you can see in this
£ picture.

£ HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKST... [H[=] [E3 Open Anﬂlyses nOde under your prOjeCt,

o= _tep then click on Nonlinearity analyses and
Y (1 task. O subitem) ‘ select Create a new nonlinearity
IHIT] HyperLab databases - .
= [l Local MyD atabase database analySIS taSk-
B~ Userproects. A new window appears now, where
=) Test project
) ;"ETSu'ements basic parameters of nonlinearity fit
nalyzes A o
- Resolion analyses (| Tasks | Sub-items | algorithm may be specified.
MHonlinearity analyzes - )
| Efficiency analyzes
» Lots and samples
| Inadiations
[#--=1 Other project-related items ™
B Calibrations
[#- g Measuring environment
il ﬂl_# Blosmlmme oAb o LI
A
£ Creating new nonlinearity analysis -I0[x]| You can specify a descriptive name of
Please set parameters for the new nonlinearity analpsiz, then click Ol the new I‘IOnlinearity anaIYSiS, and
thresholds for the identification of
MaME |Monlinearity analysis - 2006-12-10 21:33:.09 peaks
PEACS DS, U G & The Peak identification limit is used when
RADIATION IMT. LIMIT |0.005 . .
peaklist peaks and nuclear library peaks
v Start nonlinearity analysiz module when | press Ok are matched If the difference between
The threshald is used when assigning fitted peaks to nuclear library peaks, using their peak Centroids iS belOW thlS Value, the
cent_rold pozition value in channels. Set to about 3 channels to identify peaks for a moderately
A R L Ot peaks will be considered as matching.
Fiadiations' intensity threshald iz used when adding new radiations to the nonlinearity analysis. ItS usual Value iS 3 Channels Wthh iS
7
© Concel | 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.
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The Nonlinearity evaluator appears now
with the empty Input data sheet.

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

Select the 56Co sample measurement from the project,

named CODO0111A.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.

e Checks if a source is specified for the measurement. If
found, loads the source isomers, their decays and

radiations.

e Limits the radiations to those whose intensity is over the
preset intensity limit and which have a radiation usage

f,ﬁ{.-‘ System nonlinearity evaluator
Ele Edit Search Miew Data Fit

System nonlinearity analysis

I [=1 B3

Cptions

o e = | @] ale.lu] X

Input data | Fit

I Meszages I

Measurements

Click ‘&dd meazurement’ ta add one
or mare measuremeants o the
rezolution analysis.

| Mo iz

=1 E3

¥ select a measurement

Ayailable measurements:

EH7 Test project
BT ] D4 kal 2002 okt 1 [AMB02204.DAT]
[ 1w D4 kal 2002 okt 1 [BAS52114.DAT]

- i) D4 kal 2002 okt 1 [CDOT0434 DAT]
B i) D4 kal 2002 okt 1 [COOT0424 DAT]
- i) D4 kal 2002 okt 1 [CO851854.DAT]

; lh] D4 kal. 2002, Dkt 1 - uncomected part
-4 D4 kal 2002 okt 1 - LFC corected part
Pl il D4 kal, 2002, akt, 1 05951474, DAT1

o

rDetails of selected measurement
Measurement |d 3786

D4 kal. 2002, okt. 1 [CODOT114.DAT]

Started at 2002-10-01 14:54:00

o OK I

51 [min

e Cancel |

flag stating that the radiation is usable for nonlinearity evaluations.

e Matches the loaded radiations and peaks, by applying the preset matching limit.

o If at least 3 matching peak-radiation pairs are found within a peak list, the measurement
may be used for nonlinearity 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 fitting polynomial plus two

linear shifting parameters for each measurement.

If enough data points are supplied, the
fit is performed and the tab Fit becomes
active, displaying the fitted nonlinearity
curve.

Now you can add your other measure-
ments to the fit one-by-one, or more at a
time.

Finally a multi-isotope nonlinearity
curve may be constructed.

[ system nonlinearity evaluator - Max nonlinearity: 0.00817% at 799...

I[=] E3

File Edit Search WYiew Data Fib Options

atching radiations

kal 2002, okt 1[COD0 =
5600 EC DECAY

1 E = B4E.7FI0 keW.
1 E =1238.2820 ke,
1y E = 25984590 ke,
1y E=1771.3510 ke

1, E = 1037.9400 ke,
iy E = 32534160 keV,

1y E = 20347550 ke,
2 E =1360.2150 ke,

1, E = 3201.9620 ke T
A I »

jlb‘i On peaks 'I x Eemo:l

|D.019 (127.9%) ch at 2876.2 ch

560 - 3322.4 ch (Chi= 2.69) alid fit i 2
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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. One such problem may arise with peak matching.

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.

e e A - [0 xl| To add decays, select Input data tab, then

Bie Edt Search View Data Fit Options click on the Searched decay lines node
wilefu| Xl under the measurement in question.

Input data | Fit | Messages|

Eud [-),4 iai'ai”ffglﬂiiiJnLCDD”1”ADAT] Decays If you open this node and no decay has

Mﬁi CEsblE ::ij[:;nLT;DB?AD aT] been set, click Add decay on the right.

Select proper decay and click OK.

HyperLab now loads the decay and its

Cick dd decay'to addone || T@diations, and performs a fit with the

Pl ke e currently identified matching radiation-
peak pairs.

[-0.206 (14.8%) ch at 141.1 ch [ [valid fit

Radiations not found

When only a simple linear energy calibration is applied to a spectrum, large discrepancies

may exist between the expected and observed peak positions. If this difference is greater than

the identification threshold (3 channels by default), radiations will not be identified. Therefore

the precise energy calibration is of great importance in the Peak evaluator. Please double-

check your calibration, use as many calibration points for the contained isotope as possible.

I Energy caiibration editor _[olx]| It is also advisable to drop the original —
rather imprecise — energy calibration

Linear & nanlinear data | C it I Heplacel .-'-‘«dvanu:edl

B 7l

010 f

points for the sample spectra.

In case of proper linear energy
calibration, the distribution of
well-selected energy calibration points
of multi-line sources should resemble
. . . . the common expected nonlinearity, as
R I AR o 4| || depicted in this figure.

0.0o

oo d

-0.20

Difference from calior curve [ke

T
2000 30004000 - 5000 BO00 7000 8000 ) Another option is to increase the identi-
Position [channel]

fication limit under Options / Fitting
options / Peak position threshold.

& Help W OK €9 Cancel |
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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.

Another reason for missing peak matching is the missing radiation usage flag. HyperLab uses a
gamma line for nonlinearity purposes only if that radiation is equipped with “Use for
nonlinearity” flag. 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.

7.1. 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 this log(Eff) vs.
log(E) fitting and displaying method in
its Detector efficiency analysis module, as
you can see in this figure.

The curve itself is depicted by a red line,
its #10 limit with blue lines, while the
measured intensity points are either not

Efficiency: 4.568e 04 {0.7%) at 1332.50 keV, RXSQ: 2.30 - Efficiency analysis for D4 detector

2083 f-coaeeeee 3 SR hecescoassssssssasessemsefiosanesssaassenaeasoaacaasasd

1838 besldocococasenliomansscensscomassssemsced omdipeasaliossasesssesessssassssessd

B S4Mn (31212 d)
B 56Co(77.23d)
®| 60Co (5.271 y)
= 109Cd (1 263 v)
O 137Cs (30070 v)
B 133Ba (10510y)
O 152Eu (13.537 ¥)
@ 226Ra (1600.000 y)
B 241 4m (432200 y)

Detectar efficiency

normalized (if an absolute calibrated

radioactive source is used) or

normalized (in case of home-made
sources).

1EIU I ) ) T I1I,EI‘UEI
Measurement postion [ke]
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.

7.2. 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.

7.3. 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,

e 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.

7.4. 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.

When all measurements are properly
fitted, similar statistics will be displayed  He &P
about them at the right side of the Main )

Module window as you can see in this R —
- (] Measurements

Selected item: Measurements
[4 tagks, 10 sub-items]

Mumber of measurements: 10

[

Mumber of spectra; 20

picture. El'“‘] D4 k‘;!' 2E02' Tkt'f‘:j[?:dsluggg';'[)iq MNumber of peak evaluations: 10
. [ | Peak eval o al. okt -
To ease the work of the spectroscopist, e ] Spectia Humber of pesks: 523

El-l] D4 kal 2002 okt 1 [BABS2114. DAT]

the same peak evaluations may be B[ Peak eval. of D4 kal. 2002 okt 1|

Tasks | Sub-items I

utilized for nonlinearity determination i ] Spectra

and for efficiency analysis.

k) D4 kal. 2002, okt 1 [CO0T0424.D&T]

i, Peak eval of D4 kal. 2002, okt 1

=) D4 kal. 2002, okt 1 [CDOT0434.DAT]
|, Peak eval of D4 kal 2002 okt 1

- i) Spectra

Wil Cmmmbem

ol

(=] Impart spectrum files

[Z] Batch evaluation
[E]Remove all peak evaluations
(. Create report
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£ HyperLab Main Module 2005 - user HLUserZ2, instance #1 on WORKST... [H =]
File Help

. 7 (1 task. O sub-item]

=¥y HyperLab databases -
= B Local MyDatabase database

L::_I ..... =) User projects

B[ Test project

) Measurements

Ainalyzes

Resaolution analyses
Monlinearity analyzes
-~ Efficiency analyses
= Lotz and samples
| Imadiations —
-3 Other project-related itemns
-7 Calibrations
[H- _J Meazuring envirohment

id
M s hloleae Al

Tasks | Sub-items I

4 Create new

thciency an

[ {1 task, 0 sub-item) 4

£ creating new efficiency analysis

Fleasze set parameters for the new efficiency analysis, then click Ok,

MNAME |Efficiency analysis for D4 det, kel

100
0.00%5

PEAK IDENT. LIMIT
RADIATION INT. LIMIT

sigma [difference/uncertainty)

¥ Start efficiency analysis module when | press Ok

The threshold is used when assigning fitted peaks to nuclear library peaks, using their centroid
pogition walue in channels. Set to about 3 channels to identify peaks for a moderately
efficiency measurement setup.

Radiations' intensity threshaold iz uzed when adding new radiations ta the efficiency analysis.

@ K |

@ Cancel |

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.

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.

I [=] B

Elf system efficiency evaluator

Eile Edit Search Wiew Data Fit  Options

B aja| =z @ eyl x|

Input data | Fit I Messagesl

Meazurements

Click ‘Add measurement’ to add one
or mare measurements to the
rezolution analysis.

[ruo Fit 2
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Select all of HyperLab's example measurements from the [y M=l E3
project Awailable measurements:
. . . [#-1) Calibrations
When you click OK in the measurement selector window, |5 Test poject
|7 ‘i) D4 kal 2002, okt 1 [AMB03208 DAT]
HyperLab performs the steps as follows. 1. [¥ 1) D4 kal 2002, okt 1 [BAB52114.DAT]
. +-[W ] D4 kal. 2002, okt 1 [CO010434.DAT
e Loads the peaks from the most recent peak evaluation ,'; Do, 2002 | [COD104 DET]
3 ! ; - ] D4 kal. 2002 okt 1 [CO851854 DAT]
of the measurement (this should be the nonlinearity 1 1) D4 kol 2002 okt 1 [CODOT1TA.DAT)
1 - i) D4 kal. 2002 okt 1 [CS961474.DAT]
CorrECtEd peakllst). ¥ ) D4 kal. 2002 okt 1 [EUG02974.DAT]
e Checks if a radioactive source is specified for the o E S
<t 1 1,
measurement. If found, loads its isomers and their - g Geological samples [13_53_31.CNF]

radiations, as well as source activity details. _
W OK 6 Cancel

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.

If enough data points are supplied, the [l System efficiency evaluator - Efficiency: 4.542e-04 (2.3%) at 1332.50 keV, RX50: 26.11 - Effi... [H[E] E3

File Edit Search ‘iew Data Fit Options

fit is performed and the tab Fit becomes i |- [ @ wlefw]

active, displaying the fitted efficiency It data Pt | Wessages |
. . = M hi diti
curve. It will be absolute if any of the gégg o e 5
e My E= 1217817 keV Int =

matching measurements has an LBt

2.0e-3 *1y E =1408.0050 keV, Int =

. . . 1| -y E = 9640730 ke, Int =1
absolutely calibrated source, and it will 1003 4 B9 B é E — 112,090 ke, Int -

. . “iy E = 1085.8630 keV/. Int =
be relative if no measurement has such

Sahin (31212 d)
S6Co (77 23 d)
S7C0 (27174 d)
B0CO (5.271 y)
1090d (1,263 v)

'y E = 2448975 keV, Int =
-y B = BB7.9730 keV, Int =
-1y E = 4439650 ke, Int =

source.
My E=1212 9480 ke, Int =

EODOEOEO@EE@

Now you can add other measurements to jarce oy Q e
. . 152EU (13537 y) | = eV, Int =

the fit one-by-one, or more at a time. i Tfaﬂzﬂzﬂo”:” » i e -
. .. .. Alom a2y E = 295.3332 keV. Int =
Finally a multi-isotope efficiency curve 00 oo BTt

may be constructed. p

e, Int =

My E = 810
0 ; wgrr E )
20 A L" _____ - iy E=15281030 keV. Int= _
b r manenn s
B | K| | B
j jl{‘-‘} Onpeaks ¥ Xﬂemnve |

[1.1188-04 (34.0%) at 4632.6 ke [152Eu - 443,965 ke (Chi: 35.77) valid fit displayed 7

Improvement of the fit

If you check the resulting reduced Chi-squared (RXSQ=26.11) or the residual of the fit, it is
immediately obvious that there is a problem with the fit.

Please be aware of the 152Eu data point on the previous figure, which is far off from the
efficiency curve. This is the 443keV line of 152Eu, and it is improper for calibration purposes
because the level scheme results in two overlapping 443keV peaks.
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N e rermem- o=l It is unavoidable to remove both of

File Edit Search “ew Data Fit Options

Wl a2 el X these lines. Select the first 443keV line
N by clicking on it (on the fit chart, or on
2000 ] g T o aimmrara| the residual, or in the list of matching

it 7 A el 2 hesaa s | radiations), and then click Remove
e | button, and repeat this for the other

Ty B = 12128480 keV, Int =

Sahin (31242 d

TR é E- SO0 oV, - problematic line at 443keV. The figure
B 57Co (27174 d) : = eV nt= . ..
Sy : My E = 14576430 kel Int =
B etoE2t ) | mprmemen |l shows the improved efficiency curve.
L § E = 2959392 keV. Int = 1
A g erimerns || It has RXSQ value of 1.65, which
B 152Eu (13557 y) ; - & Int = . . . .
& 2080 (1600000 ) i oo || indicates a rather good fit — with only
B 2 a2y g E = 15281030 ke, bt = .. . .
100 1,000 My E = 7193430 ke Int = minimum user intervention.

<My B = 9263170 keV, Int=
-1y B =1249.9380 ke, Int =
"y E = B7A.67E0 keV/, Int=
oy E= B41EOO ke, Int=

b ereansnn Ib

[XE=NNIS

j Pl onpesks =] ook Bemave
5. 7630-04 (0,7%) at 5314 ke¥ 152E0 - 841,570 ke (Chi 0.18) fvald it displayed 7

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.

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;
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 into the efficiency evaluator.

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.

T T e Y e T e g eeem o[ x]| 10 add decays, select Input data tab, then
click on the Searched decay lines node
under the measurement in question.

If you open this node and no decay has
been set, click Add decay on the right.

Eile Edit Search Wiew Data Fit Options

B = =k wlefu| X
Input data I Fit I Messagesl

-] D4 kal 2002, okt 1 [CODOT114.DAT]
: - I, Peak evaluations

@ Searched decay lines

-ty D4 kal 2002 gkt 1 [EUB02974.DAT]

Decays

Select proper decay and click OK.

HyperLab now loads the decay and its

ik oyt e radiations, and performs a fit with the

o1 ore decays [0 e currently identified matching radiation-
peak pairs.

1.015e-03 (3. 4%) at 514.6 ket |Va|id fit
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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 outer 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. An example polynomial may be the following:

Eff = exp( -11069.2*%0.000654323 *T[0]
-542.452 *0.00261785 *T[1] -83.9643 *0.00614508 *T[2]
+ 56.176 *0.0107488 *T[3] -38.0378 *0.0227131 *T[4]
+ 4.23398*%0.0361133 *T[5] + 2.91758%0.109829 *T[6]

)

X = -2.92876 +0.485424*1og (E_keV)

T[0] = 1.0

T[1] = X -0.279333

T[2] = (X 40.276447 )*T[1] -0.0624734*T[0]
T[3] = (X -0.193059 )*T[2] -0.181482 *T[1]
T[4] = (X -0.0543797)*T[3] -0.326837 *T[2]
T[5] = (X +0.0860381)*T[4] -0.223959 *T[3]
T[6] = (X -0.0991865)*T[5] -0.395568 *T[4]

A corresponding c++ calculation function is the following:

double D4 Eff (double E keV) ({

double [7], X = -2.92876 +0.485424*1og(E keV);

T[0] = 1.0;

T[1l] = X -0.279333;

T[2] = (X +0.276447 )*T[1] -0.0624734*T[0];

T[3] = (X -0.193059 )*T[2] -0.181482 *T[1l];

T[4] = (X -0.0543797)*T[3] -0.326837 *T[2];

T[5] = (X +0.0860381)*T[4] -0.223959 *T[3];

T[6] = (X -0.0991865)*T[5] -0.395568 *T[4];

double Eff = exp( -11069.2*%0.000654323*T[0] -542.452*0.00261785*T[1]

-83.9643*0.00614508*T[2]
+4.23398*0.0361133*T[5]
return Eff;

}

+56.176*0.0107488*T[3]
+2.91758*%0.109829*T[6]) ;

-38.0378%0.0227131*T[4]

This formula above may be transformed into an identical regular polynomial, which describe
the logarithmic of efficiency versus the logarithmic of energy:

double D4 LogEff regular (double LogE) {

double LogEff =
71.50855044771767
-117.10105124644454
+ 62.00533726638615
15.922301170232352
2.161709922884965
0.1499226396426317
0.00419244399979918

+ 1+

return LogEff;

*LogE

*pow (LogE, 2)
*pow (LogE, 3)
*pow (LogE, 4)
*pow (LogE, 5)
*pow (LogE, 6) ;
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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.

8.1. 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.

8.1.1. 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) )

Gaussian=Ampl-exp|—
P p( Width?

where

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

Position

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

The X axis depicts channel positions in a spectrum

region (zero selected for the peak centroid just for

50

Amplitude

convenient display), while the Y axis shows count
values.

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,

23,000

which is based on gamma spectroscopy
heuristics, as it fits one common peak o
width for each peak within a region. This A
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
case is the extremely broadening 511keV
annihilation peak, where valuable peaks of various radioisotopes should be separated
automatically from the annihilation peak. See “Peak evaluation algorithm settings window”

21,000

20,000

500 S02 304 306 a0s 210 12 214 216 218 520 a2z

for further details.
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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.

Because it is originated from a convolution of a
Gaussian and an exponential, which is allowed to

140

120

Left skew + Gaussian—, increase until the Gaussian's centroid, it is an

asymmetric function. Therefore when the left skew
is added to a 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 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:

Vm

LeftSkew=Ampl 5 Width- LSAmpl -exp([

100

80 Gaussian -__
60 Left skew
40

20

"5 ~10 -5 0 5 10

width T x—Pos
2-LSSlope

N erfe Width +X—POS
LSSlope 2.LSSlope  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).

140

, ‘ Because it is originated from a convolution of a
Right skew + Gaussian “a . . .
Gaussian and an exponential, which decreases
100 Gaussian starting from the Gaussian's centroid, it is an
asymmetric function. Therefore when the right skew
is added to a Gaussian peak, it causes slight increase
at the high energy side of the peak.
The fitted parameters for Right skew are the Right
Skew Amplitude (relative to the Gaussian's
amplitude), and the Right Skew Slope. The width of

the right skew is not fitted, but assumed to be

Right skew

-10 -5 10

(=]
r
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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:

v

RjghtSkeW:Amp]-T- Wjdth-RSAmpI-exp([

Width 2_ x—Pos erfe Width  x—Pos
2-RSSlope | RSSlope 2-RSSlope Width

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|0P§ + Curve

polynomial in the region, so constant,
slanting or curved (parabolic) Lo
background may be modeled with it, 7.5 Level -
o . . _,_-r-'/r
freely combining its counterparts. As a 5 Slope —
background function, its area will not be 5 s \//
summed up to the peak area. It may have _—
at most three fitted parameters: Level, o
Slope and Curvature. -2.5 yad T
Th . . Curve ‘“-\__\
e picture shows a sample polynomial -5 ~—
background with Level=10, Slope=0.5, T
0 2 1 6 8 10 12z 14

Curve=-0.03 parameters.
Counts from the polynomial background may be calculated by the following formula at
channel RegionPos:

PolyBkg= Level +Slope-RegionPos+ Curve-RegionPos’
where

RegionPos:  Channel position within the fitted region (first channel of the region is 0)

Level: Constant background level
Slope: Background slope (may be positive or negative)
Curve: Background curvature (may be positive or negative)
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8.2.5. Step background function

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

120
oo \-\ edge. Steps are fitted by one characteristic
\o| Gaussian + Step /\\\ parameter, the Step Amplitude, which is relative to
/ \\ the amplitude of the Gaussian.
°0 _ h The picture shows a step with relative
“0 Gaussian / \\ Step Amplitude=0.10.
- 5 10

-10 -5 0

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

X

_ T i
Step=Ampl o Width-STAmpl-erfc Widih

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.
35 | Nowadays, however, this phenomenon seems to be
10 ‘a‘ less significant with the most common detectors,
25 ‘;‘:.“ therefore when you perform a peak evaluation with
20 ‘f‘ “Default settings for moderate count rate, regular
15 i peaks” configuration, tail will be disabled.
10 Gaussian + Tail /7 Gaussian 12 As tail also descends from a convolution of an
- //// exponential and a Gaussian, it is very similar to Left
= skew, but has much less intensity and greater slope.
” ’ ’ " The picture shows the case of Tail Amplitude=0.01

Z20 -15 10

and Tail Slope=2.5 parameters.
Tail counts may be calculated by the following formula at channel x:
Width x—Pos

x—Pos erf +
O\ 2 TLSlope ™ Width

T LSlope

- N Width
Tall_Amp1~7~W’Jdth-TLAmp]'eXP 2-TLSlope

where

TLAmpl:
TLSlope: Tail Slope (2.5 —50)

Tail Amplitude relative to that of Gaussian (may vary from 0 to 0.01)

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.
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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.

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.

8.3.1. Creating a new evaluation

To create a new peak evaluation entry and start the Peak evaluator, select your measurement in
the database browser tree, then click task Create new peak evaluation in the Tasks window.

F¥ HyperLab Main Module 2005 - user HLUser3, instance #1 on workstation3,/1... [H[=] |E3
Eile Help

Alternatively, you can hit the Enter key, after
you selected the measurement node, as Enter

? Selected item: Measurement
entry [6 tasks. 0 sub-item)

Id: 1

0§ HyperLab databaszes

key will always start the currently selected

-l HyperLabl database on local machine

Mame: Geological samples [13_53_...

task. B3 User projects Statted at 2006 May 15, 12:05:00
B+ Hyperlah sample spectra Firished at: 2006 May 15, 14.05:00
E-hu] Measurements

A window appears now, which lets you
create a new peak evaluation entry in the
database.

The Peak evaluation method list should not be
modified, as this is set according to the type

[ERIE o =0l
Analyses
» Lots and samples
| Iradistions
(-] Other praject-related items
_é easuring environment
& MNuclear data
[#- ) Generic data
Local Database Server

al samples

KT

| »

Mumber of peak evaluations: 0
Mumber of peaks: 0

Tasks | Sub-items I

[Z] Create new peak evaluation
Measurement properties

% New Measurement

X Delete Measurement entry
52 Create report

% |Remove all peak evaluations

|Selected item: Measurement entry (& tasks, O sub-item)

[ Creating new peak evaluation

(O[]

Pleasze set parameters for the new peak evaluation, then click Ok.

Of spectrum entries belongmg to the NAME |Feak eval. of Geological samples [13_53_31.CNF] - 10/23/2008 11:32
measurement PEAK. EVasL. METHOD IDua\ LFC zemicond. det. gamma spectrum evaluation LI
PEAK EWAL. SETTINGS IDefauIt settings for moderate count rate, reqular peaks LI

The Peak evaluation settings comprises fine-
tuning options for the peak evaluator's
algorithm. You can leave defaults in most
cases, but if you regularly perform the
evaluation with non-default parameters (e.g.
with enabled Tail peak component), you may
select different options here.

MEASUREMEMT IGeDIDgicaI zamples [13_53_31.CHF]

¥ Start peak evaluation module when | press Ok

€3 Cancel |

See more details in sections “Peak evaluation algorithm settings window” and “Model

functions of peak fitting”.
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8.3.2. Loading a previously created peak evaluation

HyperLab stores peak evaluation details in its databases, together with the spectrum entries.

B HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKSTATIO... [Hi[=] E3
File Help

25 Test project
E| ----- L) Measurements
I = i Geological samples [13_53_31.CNF]

Last maodified by: Databaze adminis....
Mumber of peaks: 133

(ME Feal. eval. of Geological samples

ir Selected item: Peak evaluation ‘
entry [6 tasks, O sub-item)
iLab databazes - \d: 3705
Lacal MyData.base databass Mame: Peak eval of Geological sa...
[ User projects Last modified at: 2006-12-29 17:09....

----- W] Spectra
Analyzes
« Lotz and samples
| lradiations
[ Other project-related items
[ Test project 2

Tasks | Sub-items |

[Z] Open with peak evaluator
[=] Create new peak evaluation
Peak evaluation properties
X Delete Peak evaluation ehtry

- Calibrations Etreate report of fiting details
_J M easuring environment « || tza Create report
il P | .
|Selected item: Peak evaluation entry (6 tasks, O sub-item) v

8.3.3. Automatically loaded entries

To load and possibly modify a previ-
ously created peak evaluation entry,
open the node of the proper measu-
rement by clicking on the [+] sign, and
select the proper peak evaluation node
beneath it.

the peak
appears. It will contain spectrum counts,
as well as all previously fitted regions
and peaks.

Now evaluator window

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:

o the measurement entry;

e its spectrum entries (e.g. a Normal and an LFC-corrected spectrum part in case of Dual
LFC measurements);

e latest FWHM calibration for the spectrum entries;

e latest energy calibration for the spectrum entries, together with nonlinearity calibration,
if that is selected by the user on the Energy calibration editor window;

°

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.
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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”.
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.

¥ Spectrum peak evaluator - Alumina [500q44a.dat] [_TO[x]

The center of the window is occupied

by the spectrum window [1] and the [E9 - T8« tafa b [T v - e [ 2% - % - ) 3 |
residual window [2]. The residual :ﬁ:gglpeawe‘a“s'Messagesl
window  displays the difference |Z2%

18,000

between the measured counts and the | s

17,000

fitted peak curves. 1e000] -
A fit detail panel [3] is placed on the |"** M@E‘%&%

right, while a fit fine tuning toolbar [4] :zzz B o o
and a navigating toolbar [5] is at the
bottom. A main toolbar [6] is at the top
of the window.

List of fitted peaks is displayed under
the Peak details tab. A e \ ey £

I INENEY
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8.4.1. Elements of the spectrum window

Spectrum window displays spectrum and peak evaluation information graphically.

15,000 This section describes static display
elements as well as dynamic display
P22 D] elements, which also provide controls
for quick fit manipulation.

Spectrum window is basically an X-Y
chart, which depicts spectrum details on

a counts versus energy scale.

15,000

14,000

25 26 20 28 29 el 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 Clicking 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 Pressing Ctrl-N keys simultaneously.

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).
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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 window: these are the suspected peaks, whose
position is determined by the help of the current FWHM calibration before the deconvolution.

The peak search is performed by a zero-
P P ed by a ze i
area square wave convolution. The final oo "
70,000
spectrum deconvolution will use these 60,000 .
suspected peaks as an initial estimation 50,000 28] o
'] u]
of peak positions, when the fit model is ~ *** M- o
determined. 30,000 & CI- 708
. . o [
The list of suspected peaks is always re- 9 oo ° eyt
20,000 5 - o O rmr] g O
o a
generated when you change the FWHM R % w0, B
calibration. The suspected peaks are R 5 op

replaced by the fltted peaks after a a5 99 60 B1 62 63 64 65 BE BY B 69 YO OV V2 Y3 T4
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

blue 'X' pointing rightwards and 10000 Booooooooooooooooo
leftwards. @

The peak search algorithm will locate .

suspected peaks only between these 10

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

cases.
If adjustment is needed, just click on the
blue sign and drag it to its new position.

70 74 a0 =) a0 95 100
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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
of peak functions (Gaussian, left and
right skew) and the background will be
plotted by red color. The peak
functions of the individual peaks are
) plotted by blue lines, in order to depict
12000 0 finer details within closely joined
345 350 355 360 365 70 375 380 385 390 395 400 405 mlﬂtiplet& Peak labels are displayed
under the peaks with their serial

16,000

15,000

14,000

13,000

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
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.

§§§§§ e— Its Region info menu item provides you a

30,000

quick access to the details of the region

Drop Background curve

20,000 Drop Background slope flt
Drop Backaround Step :
10,000 bran Eaciground Tal The other menu items allow a one-click

| % fitting model manipulation, as the

background and the peak skew fitting
function components may be eliminated
with them. This tool may lead to a trial-
and-error refinement method, but it can
be surprisingly effective on typical
misfit 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.

BI85 0.0
o n o B32.7 - 6525 (1)
ey P =

n P
i)

El SHe e El --u-r,;.--'.,;-. HE

595 GO0 B0S 610 B15 620 525 B30 B35

8.4.2. Elements of the residual window

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

the measured and the fitted value for iy
each measured value with filled green vsst0
squares, in Chi units (x, difference divi-
ded by the standard deviation). If this
value is positive, then the measured

count value is greater than its matching B

14,000

fitted count.

Due to the statistical nature of the mea- 12000

sured counts, we never expect a PerfeCt 395 380 355 360 365 370 75 390 365 390 395 400 405
matching between measured and fitted _—
counts. Chi value is the ideal measure of L ;"-:"-" S — .
the difference, because it takes into Al B P _______.L-_:_..___'_'_'_ ______
consideration the statistical variance of 14 R " .

each measured count value, thus shows

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
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.
The list contains the boundaries of the regions, as well as their Redu- 4 |1 |# [ |

g =17

ced Chi-Squared value. 230520 ch, Sl 4

. . . . . I 230-320 ch, R=S0=12.0 b
If this value is greater than 3, a red exclamation mark is placed beside | 57 ipale

|»

. . . . . 4E3555 ch, AX50=1.9

the region, thereby designating problematic areas in the mea- SE007 ch P00
. . . . . . . E89729 ch. Rx50=1.0

surement. If you click on a region in this list, the selected region will 75750 ch ko1 1
. . . . 826-864 ch. AX50=08

be displayed in the spectrum window, and a manual refinement may 4551016 ch, ForS0-0 8

1007-1044 ch, RxS50=11 -

be performed.
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Peak list tab

The region list tab contains the fitted peaks which found in the spectrum.
M L% The row contains basic information about fitted peaks (position or

# | Pos [ch] | Area |Area... |:| s : 1
a0 mem  oa | €nergy, area and its relative uncertainty). As the peaks belong to

rasse e e ) different consecutive regions, it is advantageous to group them by
B44.624 3593 7B%

geas 1@ 88z | their regions by utilizing alternating background coloring of the
983,033 700 290%

swm7 148 rows. Active region's peaks are displayed with another different
1000.411 435

102725 48 : background color. If you click on a peak on this list, the selected
=l| peak's region will be displayed in the spectrum window, and a

manual refinement may be performed.

Y — B R R X

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.

Mld "t The fit refiner tab may serve this purpose, as it allows enabling and
2405-2459 ch, RxS0: 1.0 . . . g . .
R -|| disabling, as well as direct editing of fitted parameters.
D it Fitted .o
P a0 When you modified a parameter value, and move the cursor to
[l Peak #1 . . . . .
Fosion detem _Fited — | another field, the new model will be immediately drawn in the
Pozition 2432500 . . .
fmpl, dterm, Fited spectrum window with different colors.
Arnplitude 309.521 o . .
Fubn delem.__Dsebled If you want to reset the parameters to their initial value, just click on
W .
ke . . . . ) .
j:n":ﬂ:‘:mm - . the original region in the spectrum window: all parameters will be
- vivme | TEStOTEd.
B set | A setnge |- o

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.

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.
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8.4.4. Elements of the peak list panel

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

The list contains Gaussian centroid position, its — peciun Peak cetahs |essages|

. . E unc. [ket] | Area [cnt] | Area unc Areaunc. Z | FwHM =
absolute uncertainty, its energy value together I AN ZE L
E S M Y 1 4 3%
: : : 2W/AB 0008 G2B0O5 06170 g2 65 07X 30
with uncertainty, Peak area with absolute and 240895 000G 649035 06139 126609 630 05 30
lati . fitted FWH 1 di 2709 0004 GBE8 064 S0 672 03% 3
WHM Z/AEE 0047 GREE7E 0686 1010 3B 37 30
re atlve uncertalnty, ltte value an 1ts 262380 0.053 707047 0.6057 26546 1414 5.3% 3o
. Z/AE OOz A0E3  0e 2191 413 EER 30
uncertamty. 271.667 0057 732176 06021 5268 n 38% 30
IS 0008 7542 05@9 MG 4 06X 0
')IQQ 1072 nnaa 77 E7AA nEgER I 21787 et 1B 'I'J
4
(&) Show selected peak ‘

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.

.-"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.

"'-I!_.!_ 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.

.'E'._ 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.

-'_&_ Deletes a peak from the region, which is located at the clicked position.

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

i!ii'-, Splits a region at the clicked position into two half regions.

_f_'!. 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.
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w Previous region button: jumps to previous fitted region.
5 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.

[i3145 kv &3 | Position edit box, X axis unit changer, Jump button: 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.
For a quick calibration check, click Chart tab at the top.
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The currently used FWHM calibration

curve is displayed here together with
filled green squares as FWHM
calibration points. HyperLab also esti-
mates the width of the suspected peaks,
and displays these values as gray
crosses. The figure shows the case when
the FWHM calibration results too low
values.

If a large deviation is found between
the current calibration line (red line),
and the suspected peaks' FWHM, a mis-
calibrated FWHM may be suspected.

In this case, the FWHM and/or the
position values of the FWHM
calibration points should be modified
on the Calibration points page.

The figure shows the case when the
FWHM calibration results too high
values.

In case of proper FWHM calibration the
majority of the suspected peaks'
estimated FWHM value is in the neigh-
borhood of the calibration curve.

Please note that large deviations may
occur before the deconvolution, even
for valid 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 peaks' FWHM
values are fitted and displayed on this
chart as gray triangles.

Calibration points ~ Chart | Replace I

Bl [P [ATF univ ch | vunit ch +| Resolution s 0.95 +0.02 ke at 133250 ke

Fruahm walue [ch]
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500 100015002000 2500 3000 3500 4000 4500 50005500 6000 6500 7000 7500 3000
Position [ch]

Q Cancel |

£ FWHM calibration editor =]

Calibration points  Chart |F|eplac:e|

EI _PI IEF FHunit: ch

Fuhm value [ch]

~| *unit: ch ~| Resolution is 6.86 +0.17 ket at 1332.50 ket

2
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-
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Paosition [ch]
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For further details see section “FWHM calibration editor”.

HyperLab 2005 Reference Guide 49



Spectrum peak evaluator

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

pp | 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 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.

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 existing bugs in HyperLab's complicated fitting algorithm.

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

Sometimes HyperLab fails at the difficult task of region bound determination.
This may result in improperly split regions, o000

0,000
40,000

especially when a multitude of peaks are involved o000
in the fit, which are packed together very closely. In 7,
this case the fitter algorithm tries to choose a proper o

cutting point, and it determines it between two close ~ *

peaks' 20,000 —_HE—Z:}[I 8 o i 3
The best tool to eliminate this faulty behavior is the poosesemss
region merge tool. - e

25 220 225 230 235 240 245 250 ’;5
The figure shows two such regions at channel 230.

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.

HyperLab joins the two split regions now, refits wm

90,000
80,000

them and displays the result. Toz00
As you can see, the low-energy side of the region ...
also has been moved, in order to find a more stable

50,000

region background. I
The reduced Chi-squared indicates another serious .
problem, so the peaks rightwards requires a closer A i
inspection.
210 215 220 225 230 235 240 245 250

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 into two  zm

22,000

or more distinct regions. 2100
The figure shows a region, where a split is .
suggested at channel 138, because the type of the 1800
background drastically changes at this point. 1;222

The best tool to eliminate this faulty behavior is the

region splitter tool. o T
12,000 E1 [

126 128 130 132 134 136 138 140 142 144 146 145 150
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8.5.5. Refinement: Missing peaks

N
s 8T O8]
0o

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

3. drag the mouse cursor over the second region;
4. release the mouse button.

HyperLab splits the region now into two halves,
refits them and displays the result.

The figure shows the new region bounds around
channel 138. Please note that a curved background
chosen in the first region, while a stepped one in
the second region, therefore the overall Chi-
squared became better, and the residual changed to
a smoother one.

Please take a closer look at the splitting position
(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.

This automatic region bound overlapping is one of
the most powerful new features of HyperLab 2005.

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.

40,000

30,000

20,000
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The basis of the peak insertion is the residual, the
fitting algorithm seeks for typical shapes of peaks
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.
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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 peak, if the fit became worse
than before. In this case only manually forced peak insertion may help.

*#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.

After clicking at channel 277 with the manual peak
insertion tool, a new peak is inserted there and a re-
fit is performed. The manually specified peak
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
disappeared from it — but a closer look may reveal
that possibly another peak may be added at channel
291.

40,000

30,000

20,000

4
2
o
2
4

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
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
fit.

If you take a closer look at the background, you can
observe the sharp changing at the right side. The
modification of the background boundary is sugges-
ted in this case, so let us try to move the right region
boundary leftwards.

100,000

10,000

=5

Oop

1,00
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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
background may occur there, so it is worth a try
asasgensgd mMmoving the left region limit to channel 288.
@ = @ = = 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

100,000

10,000

754 - 305 (1.9
=

Do

1,000

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.

Sometimes this logic does not drop

3,000 Region info... .
parameters which are unnecessary for a

Drop Backaround curve

iy ety e ieps I good fit, and user intervention will be

7,000
Drop Backaround Step

bren Baciground T required — or simply two models fit well
5,000 Drop Left Skew ) .
e to a specific region, and the

spectroscopist would choose a model
which was not preferred by the

5,000

132 - 162 (1.9
=

Lot - : &, | automatic fitter.
- d . .
. The figure shows a region where the
4,000 . . (e
130 135 140 145 150 155 160 algorlthm chooses a 31gn1f1cant step for

the background, but one can suspect
that another model without a step
would also fit well to the measured
counts.

To 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.
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HyperLab now eliminates the step, refits
the region and displays the new fit.

The Chi-squared value increased (from
1.9 to 2.4), showing why the automatic
fitter inserted the step previously.

But, if you check the residual, you can
see that one of the most deviating points
is the last one in the region — that is, the
background has a changing tendency.

In order to further improve the fit, move
its right boundary to leftwards by one
channel. This leads to improved Chi-
square (2.1) and an acceptable fit.

Spectrum peak evaluator

8,000
7,000
£,000
5,000
132 - 162 2.4 5
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oo 0o a
o
4,000
130 135 140 143 150 155 160
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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 anew 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.

=] E3
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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.

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

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

5‘!‘.’ Peak evaluation algorithm settings
Generic | Eackgroundl Peak. W|dth| Peak skewnessl Advancedl

=] E3

Peak search threshold

For spectium peaks: |4 sgma
For residual peaks: |3 sigma

~Region bound determination

Max Mo, of initial peaks: |1D
Region extending for peaks: |3 5 w Fu/HM
Region bound extending for blg: |1 25 W Pu/Hb

[~ Automatic peak insertion

Max peak insertion tials: |1D
Mirimum peak amplitude: |5— counts
Peak. insertion XS0 fimit: ID L}

¥ Enable automatic peak insettion during refit

Automatic curve, tal, step disabling

¥ Disable curve, tail and step for ‘small peak-only' regions

Small peak. amplitude limit: IEUEI counts
& Help | W OK | 9 Cancel

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.
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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.
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.
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8.6.2. Background tab

The background tab contains settings for background components under regions.

f#f Peak evaluation algorithm settings [_[O] %]
Generic  Background | Peak widlhl Peak skewnessl Advaﬂcedl

~Polynamial background component:
[ Background lewel enabled
[¥ Background slope enabled

[ Background curvature enabled

~Background step

¥ Background step enabled

~Background tail (under low-energy side of peaks)

[~ Background tail enabled

T ail amplitude (rel. to peak amplitude)
Mirimur: [1E-10 Masimun: [0.015

Tail slope [actual value]

Minirmum: [25 Magimum: [50 Init, value:

@ Leb | @ o |®Came\

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.
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.
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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.

£ peak evaluation algorithm settings | _ (O] x|
Generic I Background Peak width | Peak skewness I Advanced I
—Fw/HM fitting method

{* Common peak width methad
" Wariable peak width method

Cammaon peak width limit

binirnLim: ID?— « initial Fu/Hid

b awirnLim: |13— # initial P Hi
Wariable peak width limit

Minmum: 07 intisl FwHM

b awirnLim: |4— # initial P/Hbd

—Automatic annihilation peak fitting

[¥ Enable variable peak width around 511 ke

Peak energy tolerance: + |5 (=0

€ Help | N OK | €3 Cancel

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).
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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.

8.6.4. Peak skewness tab

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

f,ﬂ Peak evaluation algorithm settings [_ O] ]
Generic I Background I Peak width Feak skevness | Advanced I

—Left zkew [on low-energy side of peaks}

¥ Left skew enabled

Left skew amplitude [iel. to peak amplitude]

b inirnuim: |1 E-10 Masimur: 0. 75
Left skew slope [actual value]
Mirirmim: ID 3 M aximum; |2 Init. walue:

[ Right skew [on low-energy side of peaks]

v Right skew enabled

Fiight skew amplitude [rel. to peak amplitude]

b inirnuim: |1 E-10 Masimur: 0. 75
FRiight skew slope [actual value]
Finimum: IU 3 Masimurm: |2 Init. walue:

@ Hep | @ OK | € 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.
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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 1le-10;
should not be less than this value.
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.

£¥ peak evaluation algorithm settings =] E3
Generic I Background I Peak width I Peak skewness Advanced |

r~Iteration stopping criteria for fitting

Max iteration count: l?ﬂﬂi

Minimum RS0 value: IDDE—

Miimum oradient change: [TE8

Min. line search derivative change: I'IES—
Min. line search RXSH change: |1EB—

© Hep | W OK | € Cancel

Change the defaults with caution, as improper values may lead to sub-optimal deconvolution
process.
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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 le-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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9. 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.

9.1. Database batch evaluator

The database batch evaluator is a special peak evaluation component of HyperLab Main
Module. It is able to automatically evaluate several measurement entries stored in the database,
each after the other.

9.1.1. Using of Database batch evaluator

To use the Database Batch Evaluator, open the project in Main Module where your spectra
are stored.

Cth on Measurements nOde under the £ HyperLab Main Module 2005.1a - user HLUser3, instance #1 on worksta... [l[=] E3

1 . File  Hel
project, then select Batch evaluation task. = =%
Selected item: Measurement:
g =) User projects ;I Mumnber of measurements: 14
El-{2) HyperLab sample spectra Murnber of spectra; 28
(=] P easUrements

Mumber of peak evaluations: 0
Mumber of peaks: 0

-i) D4 kal 2002 okt 1 [AMB03204.DAT]
-] D4 kal. 2002, okt 1 [BABS2114.DAT]
-lay) D4 kal. 2002, okt 1 [CDO10434 DAT]
-] D4 kal 2002 okt 1 [CO0T0428.DAT]
-] D4 kal. 2002 okt 1 [CO851854.DAT]
-tay) D4 kal. 2002, okt 1 [CODOT11A.DAT]
-] D4 kal. 2002, okt 1 [C5961474.DAT]
-ig) D4 kal 2002 okt 1 [EUB02974.DAT] Tasks I Sub-items
-] D4 kal 2002, okt 1 [MNOT0414.0AT] |
-lay) D4 kal. 2002, okt 1 [R&370764. DAT]
~lay] D4 kalibr. hagyornaryos rendszemel 200;
~lay] D4 kalibr. hagyomatyos rendszerel 200;
~tay) D4 kalibr. hagyomaryos rendszerel 200;
'wi] Geoldgiai mintak [13_53_31.CMF]

o fzlicms. hd
4 | ;I_I

=] Impart spectum fles

Remove all peak evaluations
(4 Create repart

Now an evaluator window appears, #{ Database batch evaluation = E3
. . . Check measurements to be evaluated. adjust evaluation settings., then press Evaluate button,
listing all measurements assigned to
. . Measurements ICaI\bratiDnsl Dutputl Advancadl Skippedl
this project. ——
: Y : okt 1 [ 14 2
CheCk the IISt lf 1t 1S really requlred tO [#] D4 kal 2002. okr. 1 [BAGS2114.DAT] D4 Setup 70keV 2 819248192
evaluate all spectra If a measurement is D4 kalibr. hagyomanyos rendszemel 2002, o... D4 Setup 70keV - .. 2 B8192+81392 _'LI
. s TSy - 0. e An | .
to be skipped, un-check it. Seect o Selectpore

Counts of selected measurement

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 &,000

Counts I Details I

D Ewah
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[H[=] B3

[ Database batch evaluation

Check measuiements to be evaluated, adjust evaluation settings, then press E valuate button

Measurements  Calibrations IDutpulI Advancedl Skippedl

i Energy calibration

v iize each measurement's awn calibration, if any
¥ Othemize, use common calibration from database

Lalibration:

[ FuwHM calibration

[ Use each measurement's own calibration, if any
¥ Othemize, use common calibration from database

E_al\hlation:l

Peak evaluation algarithr

Ewal. zettings: I Detault settings for moderate count rate, regular peaks

P> Eval

=] B3

£¥ Database batch evaluation

Check measurements to be evaluated, adjust evaluation settings, then press Evaluate button,

Measurementsl Calibrations  Output IAdvancedI Skippedl
Database output ‘

[V Save results into the database

—Report file:

[¥ Savein BTF farmat [~ Save in plain Text format

Content template: | Peak evaluation details

Ll L«

Formatting style: I Default Hyperlab Report Style

Post-pracessing report ‘

—Output file setting:
Output folder: |C:hDocuments and Settings\HLUser34Wy Documents'HyperLab\Hyperl ab20054E stch

b Eval

£ 79 - D4 kal. 2002. okt. 1 [BAB5211A.DAT]

Pleasze wait until spectrum evaluation finishes

Pragress;

Details
IMFO: Regions having RXS0 » 3.0

INFO: Region 48.5 - 67.3 ke [118-164 ch] AxS0=41.46
IMFO: Maximum region RS0 = 41.46

IMFO: Evaluation of measurement ‘D4 kal. 2002, okt 1 [BAB52114.DAT] started at 2006-08-11T08:37.52
INFO: Measurement [0 2

IMFO: Measurement name: D4 kal. 2002, okt 1 [BABS2114.DAT]

IMFO: Short foimat name: AccuSpec

IMFO: Comment:

IMFO: Energy calibration's title: Energy cal. from BABSZ2114.DAT

IMFO: Enerqy calibration: E_kev = Ch* 0.41 + 0.094

IMFO: Fi/HM calibration's tile: Pw/HM cal from BASE21 1A DAT

IMFO: Fu/HM calibration: Fwhm_ch = SORT[ 68488 + 0.0040612 % Ch ]
INFO: Acquisition start: 2002 Oct 02, 10:52:00.000

IMFO: Acquisition end: 2002 Oct 02, 12:52:00.000

IMFO: Livetime: 7200.000 sec

IMFO: Truetime: T200.000 sec

IMFO: Spectrum part info: 2 parts

IMFO: Type of parth1; 2 [LFC corected gamma spectium]

IMFO: Type of parthtZ: 1 [Mormal HPGe gamma spectrum]

INFO: Min cnt: 0. max ent: 312124, sum cnt: 018762

IMFO: Yanance comector applied: ‘Westphal's comector

1| 3
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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.

Specify 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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9.2. 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.

9.2.1. Using of Spectrum file batch evaluator

Start the utility by selecting HyperLab 2005 / Batch Evaluator 2005.2 from your computer's start
menu.

The eValuator dlalog appears now. ¥ HyperLab - Batch spectrum evaluator - [Batch 1] M=l E3
_&5" File Window Help _|ﬁ'|1|
Add spectrum files, set luation p k dingly. then press Evaluate.

Spectrumn files | Eal zettings | Calibrations Fleportingl Misc I

Counts of selected spectmm file

Detail:  Coynts

Evwaluate | Q Cloze |
|Select a spectrum file For evaluation v
Click on Add... button under Spectrum [l e S Ry = E3
. S File  Window  Help =1 x|
files tab. “
es tab Add spectrum files, set luation p k dingly. then press Evaluate.

A file open dialog appears now.

| Eal settings | Calibrations Heportingl Mizc I

Counts of selected spectmm file

] 275032 1.dat
G Ml 278932_2.dat

Select your spectrum files to be loaded, voomno |
which will be listed at the left side of the = | i smarsds | oo |[ R

1000 4
100 |

utility.

Detail:  Coynts |

b Evaluate | Q Close
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..(‘f HyperLab - Batch spectrum evaluator - [Batch 1] [_ O] x|
_;ﬂ" File Window Help - |ﬁ' |1|

Add dingly. then press Evaluate.

files, set luation p

Spectrumn file: Calibrations Heportingl Mizc I

— Lozs Free Counting [LFC] settings

=
=

Spectium ype: I Diual LFC spectum files

Wariance cor.: IWestphaI's conectar

—Peak evaluation algorithr
[:%Program Files'Hyperlabs Software\Hyperlab20054Bint. A HL2005

=

Setting file:

LCurrent settings: | Default settings for moderate count rate, regular peaks

D Evaluate |

Q Cloze |

..(‘f HyperLab - Batch spectrum evaluator - [Batch 1] [_ O] x|
_;ﬂ" File Window Help - |ﬁ' |1|

Add zp dingly. then press Evaluate.

files, set luation p

Spectrum filesl Eal settings Heportingl Mizc I

— Energy calibration
VI zet, use each spectrum file's gwn calibration values
V' Use common calibration from file
Calibration file: |<built-in default:
Current En.cal.: |HyperLab's default energy calibration j H
— PdHM calibration
¥ If set, use each spectrurm file's cwn calibration values
V' Use common calibration from file
Calibration file: {<built-in default:
Current P/HM cal.: | HoperlLab's default Pw/HM calibration j H
D Evaluate | Q Cloze |
4
..(‘f HyperLab - Batch spectrum evaluator - [Batch 1] M= 3
_;ﬂ" File Window Help - |ﬁ' |1|
Add zp files. set luation p dingly. then press Evaluate.

Spectrum files I Eal settings I Calibrations

—Generic repaorting setting:

Output folder: IE:\tmp -
Mate: specify an absolute path. If you leave the box empty, report will be saved beside the spectum files.

—Browseable report:
¥ Savein BTF format

V' Savein TXT format

LContent template: | Peak evaluation details I
Formatting style: | Default HyperLab Report Style I
Post-proceszing report:
’7 ¥ Savein Sampo-390 PTF & SPE format ‘
D Evaluate | Q Cloze |

| Y

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 conta-

ined 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
pictures.
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You can set miscellaneous OptiOI’lS 100 Vs (Sl  HyperLab - Batch spectrum evaluator - [Batch 1] M=l E3
. G Eile  Wind Hell =l
Misc tab. You can set the folder of log & & tnen teh _ _ =
. . i Add spectrum files, set I p dingly. then press Evaluate.
flles here’ Wthh 18 ljlsed by HyperLab Spectrum filesl Eval settingsl Calibrations | Reporting
when creating log files for the batch | temns
1 . ¥ Save batch log
eva uatlon' Log file folder: IFlIes\HyperLabs Software\HyperLab2005%HL 20050 acurmentziLog
[V Delete log fies older than IBU— days
Charting
Fit chart size: |00 ¥ (400 pixels
Besid. chart size: |B00 » [150 pixels
[ Show charts during fitting [slow]
D Evaluate | Q Cloze
4
Press Evaluate button to start the batCh, ¥ HyperLab - Batch spectrum evaluator - [all done in 148.4 seconds] [_[Ofx]
G Eile  Wind Hell =l
HyperLab now evaluates all of the & 5° e & =
. Fleaze wait until spectum evaluation finizhes.
selected spectrum files, and creates Batch progres: [T
. . & : Region 7991 - 8062 done: Rix50=1.39, 0.0
report files as well as log files about pechn pogess: M) Regin one St =
Details
them. IMFO: Spectrum iz fitted in 34.5 seconds ;I

During evaluation, you can minimize the
utility and work with other programs.

After the end of the batch, click Close to
finish the evaluation.

IMFD: Creating RTF report...

IMFO: RTF repart creation finizhed in 1.8 seconds [file: 'C:\MmphPeak eval. of
275g32_4-3 5 2006 10_40_51 AM.RTF').

INFO: Creating TT report...

IMFD: THT repart creation finizhed in 1.8 seconds [file: 'C:\MmphPeak eval. of
275032 4 -3 5 2006 10_40_51 AM.TxT').

WARMIMG: Only first spectium half zaved in 5ampo-90 SPE file

IMFD: Sampo30 spectum file saved [file: 'C:\tmph275q32_4.5PE")

IMFO: Sampo30 peak table file saved [file: 'C:\mpha?5gq32_4.PTF]

IMFD: Spectum evaluation resulted in 89 regions, 233 peaks.

INFO: Regions having RS0 » 3.0:

INFO: Riegion 32.0 - 38.5 keV [128-154 ch] RX50=7.88

IMFO: Region 47.8 - 52.5 ke [191-210 ch) Rx50=3.54

INFO: Riegion 51.5 - 70.8 kel [206-283 ch] R<50=36.87

INFO: Region B8.8 - 78.5 keV [275-314 ch] RXS50=3.43

INFO: all done in 148.4 seconds

- Q Cloze |
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10. 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.

10.1. 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.

m Databases contain several data tables (e.g. Nuclide,
% Spectrum and Peaklist tables).

~ Nuclide |

Spectrum
Peaklist

k_//

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 Z 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
Y4 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.

10.2. Database diagrams

Database diagrams provide information on database tables, fields, and logical relationships
between tables.

The rectangular objects with heading |mucLIDE v

depict database tables, where the heading |# MUCLIDE_ID

contains the name of the table (e.g. | A NUCLEWEL o
“NUCLIDE"). 2 EYMEIDL E ES&EEE LIEJIEEFKJ

The rows under the heading list the data | . 1 o E -

fields in a specific table (eg “A” or “Z” & EMPLOYEE_ID & ELUMC

means mass number and proton number |& CREATICMDATE @ T12

for a specific nuclide. @ NUCLDATASOURCE_ID @ T12UNC

@ MNUCLDATASOURCE_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.

4 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.
In our example this means that more nuclear level entries may refer to the same nuclide.
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10.3. 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 @ MUCLIDE_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

NucLevel

Isomer

Decay

Radiation

RadUsage

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.

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.

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.
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 (3- decay, both originating from the same 93 sec isomer of 124Sbm1.
Describes one radiation for a decay (or for another nuclear event). Contains
energy and intensity information, and refers to its parent decay.

E.g. RADIATION_ID="D05112411000001" is the 602.72 keV radiation of the
124Sbm1 isomer's (3- decay.

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.
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10.4. 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.

10.4.1. 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 data node , then [ HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKSTATION...

. . PR . File:  Hel
Nuclei. The list of nuclei is displayed — — _ :
? Sellje_tl:led] item: Nuclei [1 task, O
sub-1tem
now. Elri‘l Hyperlab databases - | Mumber of nuclei: 532
To quickly locate a given nuclide, click a = Local MyDatabase database

E|l_? User projects

nuclide node, e.g. “1H”, then quickly
start typing the symbol of the searched :
isotope. In our case, type “152”. The data
browser now locates the first nuclide
with the typed mass number.

Tazks | Sub-items

(4 Create report

Double-click on 152Eu node , the open SUR-Bl /' HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKSTATION... M=l B3

. . Fle Hel
13'5-year 152Eu 1somer and ltS _I; — Selected item: Radiation (4 tasks,
152Eu EC decay. : D enbn]
4 . .. @ 15&u ' Id: DOB315200000001
If you check the list of radiations, you B Isomers and decays | Energy: 121.7617 kel +-0.0003 ke
@ 1526w T1/2= 13537 y, LevelE= 0,000 | Intonsiy: 287 +051 %
can observe the two 443-keV gamma =@, 152EU EC DECAY [13537 ')
. . By, Eneray: 1217817 ke¥, Int 287
lines of this EC decay. 52y, Energy: 1408.0080 ke, Int: 21
. . N 'y, Energy: 9640790 keV, Int; 14.¢
Click the first 443-keV radiation in the -1y Energy: 11120830 ke, nk 13
. g . [ Energy: 1085.8690 ke, Int: 10 Task A
list, and select Radiation properties task at i :: Ervrgy: 24,6975 kY. Int. 7.6- "’ _ |Sub 'te
3 [Ty Energy: 867.3730 ke, Int: 4.2 13013101 PIORETES
the r1ght. ------- “ty Energy: 4439650 ke, Ink: 280 | Mew Radiation
"2y, Eneray: 12123480 keV’, Int: 1. # Delete R adiation entry
[Ty Energy: 688.6700 ke, Int: 0.8 i Create report
The radiation's property editor window ety Energy: 1005.2720 ke, Int 0.
- "1‘ Energy: 1457 6430 ke¥, Int: 0.F
a ears now. [Ty Energy: 563.9900 ke, Int: 0.4¢
pp [ "1‘ Energy: 295.9392 keV, Int: 0.4: »
. I :

HyperLab 2005 Reference Guide 71



Advanced database manipulation

Editing radiation

You can see the various usage types at the bottom of the radiation property editor window.

Radiation properties o=l If a check mark can be seen beside a
Selected radiation - pa 1 | Selected radiation - ore radistion entries L) : : :
o tdcton | St Vi i | specific usage type, then this radiation
RaDIATION ID DOE315200000033 .
FaDiaTION T2 [& will be used for that selected purpose.
Ny (R e o 0002 *|| Remove the check mark beside “Detector
INTEMNSITY |2 8295334 +-|D 02295718
pECAY [152E0 EC DECAY (13537 ] = efficiency calibration”.
REACTION =l . .
S mml 3 When you click this check box, the
TRANSITION | =l

RADIATION USAGE

[V Energy calibration

¥ Fuhm calibration

W System nonlinearity calibration
Detectar effic i1t

jetermination

[V Quantitative analysis
W Eackground calibration

& Help | & 0K | €3 Carcel |

Al Apply

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.

10.5. 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.

10.5.1. Importing peak lists

This example shows the importing of a specific peak evaluation into Microsoft Excel.

[ HyperLab Main Module 2005 - user HLUser2, instance #1 on WORK... [Hi[=] E3 ]_ . Fil‘st you haVe to knOW the
File Help
'ﬁ- Selected item: Peak evaluation PEAKEVAL_ID number Of the peak
P B | pcalEle s s eine] evaluation for which you want to query
JMPDatc"_base database Name: Pk eval of D4 kal 200.. the evaluated peaks. You can find it as
ser projects Last modified at: 2007-01-07 23:... . . . .
lE-“T'zf]t ﬂ;:::[ements Last modified by: Database admi... “Id” in the Detall llster WlndOW Of the
© Bl D kal, 2002, okt 1 [AMB03204.D4 Humber of peaks: 35 Main Module, when you click on the peak
w)) D4 kal, 2002. okt. 1 [BABSTTADAT | 7o | Subitems | .
7| Peak eval. of D4 kal. 2002, okt, o ubsitems evaluation data node at the left.
Peak eval of D4 kal. 2002, okt | Open with peak evaluator . . .
) Spocta [E] Croate nen peak svaluation In this case the Peak Evaluation Id is 3717.
) D4 kal, 2002, okt 1 [CDOT0434.DAT Peak evaluation properties
u) D kal. 2002 okt. 1 [CO0II424.DAT || 3 Delste Pesk svalustion snty
i) D4 kal, 2002, okt 1[COS51 BEA-DAT_ - mtreate report of fitting details
) D4 kal, 2002, olit. 110000111404 Tl 2 croste repon
[ v
2. Start Microsoft Excel and select its Data / Get external
Datsbsses | Quaries | OLAP Cubes | T data / New database query menu.
<New Data Source> Select the ODBC alias you have created previously.
dBASE Files* ezl
Excel Files®

M5 Access Database®
ty Huperl ab database”

Browse. ..

Optionz...

AU

LDielete

¥ Usze the Cuern wizard to create/edit queries

=)
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3. Microsoft Excel tries to connect to the
database, and displays an SQL Server Q'“ Connecting to data source...
login dlalog bOX' SOL Server Login
For default HyperLab installations, un-

check the Trusted connection check box, pekfeniss iRt b oK
and type your user name “sa” as well as Cancel
the password. Default password for Login ID:

HyperLab 2005  product line is Password: T
“hlpwd2005”.

Click OK when you are ready.

4. The Query Wizard appears now, where SSSRliREiaiius El
. ‘what columns of data do you want to include in your querny?
you can SeleCt the data table from Wthh Avvailable tables and columns: Columns in your query: J
the data to be imported. Select PEAK table (- -
PEAKEWAL | j
. . <
from the list of tables at the right, then | Tt =
click on the arrow button (“>”) pointing to L AL AAAMLIST
the right, in order to add all fields of [ rresruafeax =
Freview of data in selected column:
PEAK table to the list of queried fields. |
When you are ready, click Next.
@I Ereview Now | DOptions... | < Back | Hest > | Cancel I
5. Now the very important filter window StlilatEELEs
Filter the data ta specify which rows to include in vour querny.
appears Here you can SEIeCt a Small If you don't want to filter the data, click Mexst.
Subset Of the I‘eCOI'dS fI‘Ol’n the huge LColumn ta fiker: Only include rows where:
PEAKEMAL_ID
amount of peaks stored previously in the [EEUEENE leuats =
database. | Cf
Filtering is performed via specifying a A
. e . PEAKEVALPEAK_ID -
filter condition on the field values of the GAUSSFWHM - I I
peak record. Only those peak records will — =
be selected where this condition is met. In 3| Bsck [ et | concal |

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.

6. At the next step you can specify the sorting

criteria. In our case it is advisable to select the  go.ciy haw pou want your data sorted.

energy field “E”, which sorts the peaks of a IF you don't want ta zort the data, click Mext.

specific peak evaluation by their peak centroid. -
&+ Aszcending

. Sort b
When you are ready, click Next. IEDr -

j " Descending

Then by

I j | fecending
(]

escending

-
@l < Back I Mest = I Cancel |
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Query Wizard - Finish

—'What would you like to do nest?

& Betun Data to Microsoft Excet

" iew data or edit queny in Microzoft Querny
7 Create an OLAP Cube from thiz query

Save Query... |

2

< Back I Finizh I

Cancel I

FA Microsoft Excel - Book1 8.

J File Edit Wiew Insert Format Tools Data window Help

7. At the last step of the Query Wizard,

simply click Finish button in order
to return the queried data to
Microsoft Excel.

Excel's worksheet displayed again,
requiring you to specify a desti-

IDeHEBY ibRY | o-a-|@ = 5 nation for the queried data.
Al = =| Specify the target location, and click
A | B | ¢ | o | E | F OK.
1 i
% Returning External Data to Microsoft Excel EE
| 4 Where do you want ko put the data?
i {* Existing worksheet:
% I L j"_’ Cancel |
E ™ Mews workshest ml
| 9 " PivotTable report P e S, o, |
S
9. Finally, the retrieved data is

File Edit ¥iew Insert Format Tools Data Window Help

DR ESRY 2RI o-~ & AHU BH®
L32 | =]
A B [ C | E | G [ H

| 1 |PEAK_ID PEAKEVAL_ID|  POS E AREA AREAUNC

| 2 | 247819 3717 82.69 33.63 1910 202.9
| 3| 247820 3717 85.92 34.91 20119 374.0
4| 24762 3717 87.95 36.75 B685 269.4
| 5 | 247822 3717 11013 44.87 2014 §31.3
| 6 | 247523 3717 120.87 49.25 570 2276
| 7 | 247824 3717 123.57 50.37 1322 317.0
| 5 | 247825 3717 125.89 51.32 1919 486.5
| 9| 247826 3717 130.49 £3.20 28015 14759
10| 247827 3717 154.22 52.92 1227 4323
11| 247828 3717 171.16 B9.55 4468 471.3
12| 247829 3717 190.44 7775 94235 14076.8
13| 247830 3717 194.95 79.60 45452 1406.5
14| 247631 3717 199.41 51.01 720000 4049.0
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11. Database maintenance

The following sections describe the common tasks regarding HyperLab databases.

11.1. Generic information

HyperLab installs the MSDE (Microsoft SQL Server Desktop Engine) database management
software component by default. This product is the scaled-down version of Microsoft's SQL
Server, and its database files are fully compatible with the SQL Server.

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 MSDE version 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.

11.2. 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 — FEEEIHITEEEETE .
the task Ci"eate a d&ltabase Database crea- Specify login name and password for the local database server, then click Next.

ting wizard appears now. Enter login

name sa and password for the database N

ini MSSOL password: Immm—

administrator.

Note: Default database server password
is hlpwd2005 for the HyperLab 2005
product line.

When you are ready, click Next. Bk [ mets | Gose
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el R e =I0IX Specify the name of the new database,
Specify parameters for new databaze and initislization data, then click Next then CliCk Next.

Mew database name: IH}'DerLab1

Location of new database: IE'\Dncumenls and Settings‘\HLUser3\Wy Documentst\HyperLab'

Eristing databases:

rInitialization data

Basic data file: IE'\Dncuments and Settings‘\HLUser3\Wy Documentst\HyperLab'

MNuclzar data fils: IC:\Documents and SettingsyHLU ser3WMy DocumentsyHyperLaby

< Back | Llose |
el R e =Bl An automatic database creation process
Databaze successfully created at the local database server. Click Finish to close wizard. iS Startedl WhiCh also incorporates the
ossages copying of large amount of nuclear data
D “HyperlabtD atabasest\HyperLabl.mdf d full -
e e e 2l to the new database. The process may
= Creating databass tables.. . .
o Tables successiuly crestsd take several minutes. When the copying
== Bagsic data file successfully opened
== |ngerting basic d ds.. . aa
om G2 cltarosrds succosshly icoted process ends, click Finish.

== (pening nuclear data initialization file..

** |ngerting nuclear data records...

532 nuclides and 531 decays will be stared

= Muyclear data for 532 nuclei successfully stored
= B2 radiation library entiy successfully stored
= Muyclear data records successfully ingerted

Ll

< Back | Hext > |

11.3. Database registration

When you create a new HyperLab database, MSDE database server will be its owner. However,
HyperLab will not be aware of this new database without registering it. During registration, an
entry is created in the file My Documents \ HyperLab \ HyperLab2005 \ Registered Databases.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.

[ HyperLab Main Module 2005 - user HLUser3, instance #1 on workstation3; 1... [Ej[=] e Click on the HyP erLab databases root
node in the database browser tree
¥ HypeiLab databases of the Main Module, then click
' LovalDashese S Register a local database task from the
Tasks window.

Fil=  Help

l.% Selected item: Databases [2 tasks. D sub-item]

Taszks | Sub-items

a local database
-_i| Fegister a remote databasze

|Selected item: Databases (2 tasks, 0 sub-item) &
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e The local database registering FE B IR LS
leard appears now. Enter a Vahd Specify login name and pazsword for the local databage server, then click
Mest.
database user name and password, =
then click Next.

MSSAL login name: Isa
MSSOL passwond: ||

< Back I Hext = I Close |

e Select a local database that is not FllLEIRT ELl bk g Bl e M= E
currently registered, then click Next.
Specify database name, then click Mext.

Database name: |HyperLabl j
< Back Cloze |
e If the selected database is accessible [FilTE RN L Dy BT B R M= E
on the local database server, you Local databaze succezsfully connected. Please change its description, if
can specify a description for the needed, then click Finish to register it.

database. This description will be
displayed in Main Module's data-
base browser tree, under HyperLab

Deszcription:  |HyperLabl database on local machine

Additional info:

[atabaze name: Hpperlabi ;I
databases node. Also some attributes Database server. WURKSTATIONS
Database zerver version: 8 00,760
of the local database server are Databaze server level: 5P3
. Databasze server edition: Desktop Enagine
dlSplayed. D atabaze server collation: SOL_Latin1_General CP1_Cl_AS

=
cBack [ Hens | i |

e When you are ready, click Finish.
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11.4. Configuring remote access

Please note that a newly installed MSDE 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

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:

1. Click on the Local Database Server icon at the left bottom in Main Module.

Bl HyperLab Main Module 2005.2a - user HLUserZ, instance ... [lj[=] 2. Start Mgngge Database Server task from

= LA the right panel by clicking on it.
-F; Local Ms5ql database server [6
[ tazks, O zub-item]

[ B My Databaze on local machine
. _j Local Database Server

Tasks | Sub-items

B 1 anage databa Ve
[E] ttach 5 datahass fils
[E] Detach a database file
[]Backup a databaze
[Z] Restare a backup
[] Create a database

3. A management dialog appears now. Select Tasks / Set network protocols menu.

4. A configuration dialog is displayed.
Forel [notut i | Check if TCP/IP protocol is in the
Instancels] on this server: [WORKSTATION2 = 'Enabled protocols' window. If not,
et tees Enabled protocols select it from the list at the left, then
Hoe _Enate» | click Enable button. If you are ready,

L — dlick OK.
' If you select TCP/IP on the list of

Popertes.. | enabled  protocols, and  click

I Force protocol encryption — . . .

I Enatle WinSack prowy Properties, a dialog appears with the
S network port number which is used
WinSock proay port:

by the SQL Server for network
ok ] caoe | o | e | communication. This port is 1433 by
default.

5. When the new setting is acknowledged, a message warns you to restart the database server
in order to accept changes.

6. To restart database server without restarting the computer, right-click on the
MSSQLSERVER icon (with green triangle) at your system tray, select Stop from the pop-up
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menu, wait until the green triangle icon changes to red square, then start the server again
right clicking on the icon and choosing the Start menu item.

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.

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.

11.5. 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 and 2005 branch is able to use the same databases.

However, from HyperLab 2005, advanced database functions are introduced — for example
remote database usage and handling of concurrency. These new functions of HyperLab require
at least the 2005.1 version database.

Several bug fixes and serious speed enhancements (e.g. significantly shorter saving times in peak
evaluation module) are also incorporated in the 2005.2 version of databases, so it is always
advisable to upgrade to the newest possible 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. Start HyperLab 2005, and open 1 T=0l ¥ HyperLab Main Module 2005.2a - user HLUser2, instance #... [B[=] E3

database you want to upgrade. EHe He
. Selected item: Database [3
Please note that the version of the | tasks. 0 sub-item)
database is displayed at the right |= @ Hypelab databases _ Description: My Database on ..
anel [SES ' by Dalabase.on lozal machine Server name: [local maching]
p ’ """ 3 User |:|r_0|ects . Databaze name; Myl atabasze
----- '{ Measuring environment Status: opened

L e @ Muclear data
2. Select Upgrade database task. A | @ [ Generic data
teo ] Local Database Server

Database version: 20051
MHumber of uzers logged in: 1 E‘

wizard page appears now. The — T
upgrade information panel contains
the possible upgrade steps. Click

Next.

(44 Create repart
porade databaze
epair databaze
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F¥ upgrading a HyperLab database _|O|xl| 3. Please wait while the database up-
grade is in progress, then click
Next, and Finish on next page.
When you open your database next

Fleaze wait until database version number updated, then click Finizh,

YWersion updade log:

time, it will correctly indicate the

Perfarming database version update. ;I
Databasze succeesfully updated to version 20082 new version number.
< Back | st > |

11.6. 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.

11.7. Detaching and attaching databases

When a database is used by MSDE 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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2. A detach wizard appears. Enter 'sa’ EREEIIEITEIETEEET L=101]
database administrator name and Specify lngin name and password for the local database server, then click Nest,
your password to local database
server, then click Next.

MSSOL login name: Isa
MSS50L password: ||—

Note: Default database server pass-
word is hlpwd2005 for the HyperLab
2005 product line.

< Back | Mest > I Lloze

3. A database selection page appears B BIEIEd
now. SeleCt the database you Want tO Select databasze to be detached from zerver, then click Mext.
detach, then click Next.

Databaze to detach: I MyHyperlabD atabase j

< Back

LCloze

4. Click Finish to close the wizard. £lf Detaching a Hyperiab database = B3

Local database file successfully detached from database server. Click Finizh to close wizard.

< Back Texts

Attaching database files

If you have a previously saved data file — log file pair, you can attach them to your local

database server.

1. To attach a database to the MSDE database server, click Local Database Server icon at the
left, then select 'Attach a database file' task from the right.
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5 Attaching 2 HyperLab database =0ldl 2. A detach wizard appears. Enter 'sa'

Specify login name and passward for the local database server, then click Nest, database administrator name and
your password to local database
server, then click Next.

MSSOL Jogin name: Isa
M5S0L pazsword: ||

Note: Default database server pass-
word is 'hlpwd2005' for HyperLab

2005 product line.
< Back | Mest > I LCloze
B Attaching a tiyperizh dataase Dix)l 3. A database file selection page
Select databaze files and specify name of new database, then click Mext. appears now. When you SuCCESSqu.y

selected the MDF file, the wizard will
automatically fill up the LOG file
name field as well as the descriptive

MDF file name to attach: IE:\D atathyD atabasze MOF
LDF file name ta attach: IC:\D atahMyDatabase LOG.LDF

Mew database name: IMyDatabase]

Atached databases: [Nl - database name. Change the LOG file
HSNMTest2 name if it does not match your real
ol o file name. You can also modify the
t3 |

descriptive database name. When
you are ready, click Next.

< Back | Mest » I LCloze |

£ Attaching a typeriab database -I0Ix)l 4. Click Finish to close the wizard.

Local database file successfully attached to database server. Click Finish to close wizard,

< Back | Tests |

11.8. 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, HyperLab 2005 does 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.
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This section contains the detailed steps necessary to create an ODBC data source for a specific
HyperLab database.

1.

In your Control Panel, double-click Administrative Tools / Data Sources (ODBC)
icon.

I . = ini
The ODBC Data Source Administrator window R """“"”a"“ —
. . UserDSN  System DSN | File DSNI Drivers' Tracing' Connection Ponlingl Abaut |
appears now. Click on its System DSN tab, and
Spstem Data Sources:
thel’l on the Add button. Narnel Diriver | Add... |
Bemove |
Lonfigure. |
An ODBC System data source stores information about how to connect to
the indicated data provider. 4 Spstem data source iz vigible to all uzers
on this machine, including MT services
Ok I Cancel | Lipply | Help |
A database driver selection window

appears now. Scroll down the list
until you can select the SQL Server
item, then click Finish.

Select a driver for which pou want ko set up a data source.

I ame | V:I
Micrazoft FosPro WFP Driver [*.dbf)
Microgoft ODBLC for Oracle
Microzoft Paradox Driver [*.db |
Microzoft Paradox-Treiber [*.db )
Microsoft Test Driver [* tat; * cav)
Microzoft Text-Treiber [*.tat; * cav)
Microzoft Yizsual FoxPro Driver
Micrazoft Yizual ForPro-Treiber

L i ol el il e e

-

< Back I Finizh I Cancel

i i
Specify the basic parameters of the

Thiz wizard will help you create an DDBC data source that you can use to
conhect ko SQL Server.

new database: type in a name for it
and specify the SQL server. If you
want to connect to the local database
server running on your computer,
then just type a dot (“.”) into the
Server box. If you want to connect
another computer's HyperLab
database, pick the computer name
from the Server drop-down box.
Description field may be omitted.

Click Next if you are ready.

‘what name do you want to use ta refer ta the data source?

M amne: |M_l,l HyperLab database

How do you want to describe the data source?

Description: |

Which SOL Server do you want to connect ta?

Server: |WDF|KSTATIDN2 =

Finish I Mext > Cancel Help
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Create a New Data Source to SOL Server

How should SOL Server verify the authenticity of the login ID7?

= With Windows NT authentication using the netwark lagin 1D

5 fwfith SOL Server authentication uzing a lagin 1D and password
ientered by the uzer.

To change the network library uzed to communicate with SOL Server,
click Client Configuration.

Client Configuration...

LConnect to SOL Server to obtain default zettings for the
v o : b -
additional configuration options.

Login 10 |sa

Passward: |

Cancel Help

< Back I Mest > I

Edit Network Library Configuration

— Metwork libranes

Server aliaz: I

— Connection parameters

M d P

SRS Server name: I—
i TCRAP
" Multiprotocal W Dynamically determine port
7 NwLink IPR/SPR Part number: I
" AppleT alk
= Banyan %IMES
[y
' Other

o]

Cancel | Help I

5. A client configuration window
appears now. Select the SQL Server
authentication method, and type “sa”
as user name to log in into the
server, as well as the database
password. Default password is
“hlpwd2005".

Finally click Client configuration
button for detailed connection
parameters.

6. The Client configuration window
appears now. Select TCP/IP network
library.

Please note that in order to make
TCP/IP connection work TCP/IP
network library must be enabled. See
details in section “Configuring
remote access” on enabling this.
Click OK when you are ready.

7. The Client configuration window appears again. Click Next.

Create a New Data Source to SQL Server | x|

¥ Change the default database to:

buD atabas

[ Attach database filename:

It Lreate temporany stored procedures for prepared SEL statements
and drop the stared procedures:

& [Mnlywhen vou discannect

wWihen you disconnect and az appropriate while pou are
connected

¥ Use ANSI quoted identifiers.
¥ Use ANSI nulls, paddings and wamings.

r Uze the failover SEL Serserif the priman SEL Server iz nat
available;

< Back Cancel Help

I Hest = I
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8. 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.



9.

Another database connection option
window appears now. Change
values if required, then click Finish.

10. A summary page appears now,

11.

informing you about the ODBC alias
created.

As it provides a testing facility, click
Test Data Source button to initiate the
testing of the newly created ODBC
link.

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.
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Create a New Data Source to SOL Server

[~ iChange the language of SOL Server system messages to:

| English =

[~ Use strang encruphion for data

¥ Perform translation for character data

LUze regional zettings when outputting currency. numbers, dates and
r times.

[~ Sawe long running queries ta the log fils:

IC:\DDCUME"1 SHL eer2LOCALS ~14T empsQUE Browse... |

Long query time [milizeconds]:

30000

I~ Log ODBC driver statistics to the log fils:
IC.\DDCUME"1 SHLU ser2WLOCALS ~18TemphSTAT Browse,.. |

< Back I Finizh I Cancel | Help |

0ODBC Microsoft SOL Server Setup E |

A new ODBC data zource will be created with the following
configuration:

Microgoft SCIL Server ODBC Driver Verzion 03.85.1117

=

Data Source Mame: My Hoperlab database
[Data Source Description:

Server: .

Databaze: MyDatabasze

Language: [Default)

Tranglate Character Data: v'es

Log Long Running Quenes: Mo

Log Driver Statistics: Mo

Uze Integrated Security: Mo

Uze Regional Settings: Mo

=

| Cancel |

TeztData Source. . i (0]

S0L Server ODBC Daka Source Test |

— Test Results

Microgzoft SAL Server ODBC Driver Version 03.85.1117

]
Runhing connectivity tests. .

Attempling connection
Connection established
Wernifwing option zettings
Dizconnecting from server

TESTS COMPLETED SUCCESSFULLY!
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£10DaC Data Source Administrator 24| 12, The ODBC Data Source Administrator
Jzer D5M - Spstem DSM IFiIe DSM | Drivers | Tracing | Connection Pooling | &bout | window appears again but now its
s

System Data Sources list contains the

Sustem Data Sounces:

Driver | Add...

SOL Server i ne.VV ODBC data llnk ent‘ry.
_Benove | Click OK to close this window.
LConfigure... |

A ODBC System data source stores information about how to connect to
the indicated data provider. A System data source i visible to all users
on this machine, including NT services.

Ok Cancel Lpply Help
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12. 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.

12.1. 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 £ HyperLab Main Module 2005 - user HLUser2, instance #1 on WOR... [H[=]
. . . File Help
spectra by right-clicking the -
. ﬂ- Selected item: Measurements
Measurements node under the project (4 tasks. O subv-item)
. =0 HyperLab databases | Mumber of meazurements: 0
and the select Import spectrum files from 51 Local MyDatabase database ) Nurber o specti: 0
= User projects ] T
the -up menu. E-0 projEEts Mumber of peak evaluations: 0
pop-up - Test project | Murnber of peaks: 0

b eazurements
n IR @ Import spectrum files
e Lots and sampl ’zl Batch evaluation

= | Inadiations (%] Remove all peak evaluations

: |21 Other project-re « 5 Create report —
[ Calibrations :

} Meazuring environment ;
H--@ Muclear data =] Import spectrum files
B[ Generic data [E]Batch evaluation
. :_j Lacal Databasze Server ] Remove all peak evaluations
4| |_>| 15 Create repart
| y
Spectrum file importer appears now. 0,5 pectunulnelinpe oy O]
Clle Add fﬂes button and SeleCt 10 Select spactrurm file: to be loaded, adjust load settings. then prezs 'Load files' buttan.
/

Sample ACCllSpeC SpeCtra Wlth ”A” ain settingsl Calibrationsl Samplel Advancedl

ending in their file name, as can be seen # [ Spectumype | File name 1l

1 AccuSpec AMBDZ208.DAT

1 1 2 AccuSpec BASE2114 DAT
n the pICture' 3 AccuSpec COOT0434. DAT
3 4 AccuSpec COOT0424 DAT

Do not forget to check the settings 8 aondee CooindzNDaT
. . E AccuSpec CODM11A.DAT

under the Main settings tab. 2 hcowne C5561 47 DAT
8 AccuSpec ELB02974. DAT

9 AccuSpec MNOMO4 A DAT

10 AccuSpec RAZFO7EA. DAT

o Add files. . | == Remave | == Remo

Detailz of selected zpectum file

- -
0 1000 2000 3000 4000 5000 6000 7000 8000
Show Dual Parts: ¥ Firstpatt |V Second part

Counts I Detailsl
D Load files I QC_IDSB
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ﬁi‘? Spectrum file importer

Select spectum files to be loaded, adjust load settings, then press 'Load files' buttan,

Spectum files  Main settings |Ealibrations| Samplel Advancedl

[=1E3

—File type

File content IDuaI zpectrum:; LFC-comected and normal spectrum halves j

Type of 1t half |LFC conected gamma spectium

Type of 2nd half INDrmaI HFGe gamma spectrum

v Use file type from spectrum, if detected [e.g. from Ortec SPC files)

—Meazurement

feaz. method IDecay-gamma measurement j
Meas. setup IHyperLab sample meas. setup up to 3300keV j i]
Measured by IDatabase administrator j
@ Close |
Measurement setup properties -E B
Selected measursment setup - pg 1 I More measurement setup entriss |
MEAS. SETUP &

DETECTOR | D4 - Hyperl ab sample detector =l

MEASPOSITION |d=25c:m HyperLab sample position j

MEASRANGE I?D kel - 3300 kel - HyperLab sample energy range j

MAME IHyperLab sample meas. setup up to 3300key
a0c| |
STORED BY IDatabase administrator
STORED AT IZUDB Dec 09, 1216:32
COMMEMT
& Help Q Cancel | Sl Apply |
£ spectrum file importer =]
Please wait until spectum importing finishes.
Frogress:
|
Details
=l

IMFO: Loading AccuSpec spectrum file C:\Documents and Settings\HLU zer2yhy
DocumentshHyperlab'Hyperl ab200545 ample spectrabRAIFO7ES. DAT

INFO: Spectrum stored in databasze [MEASUREMEMT_|D=3730, SPECTRUM_ID=F4E8-
7469, ECAL_ID=14733-14740, PwHMCAL_ID=16405-16405)

INFO: Title: D4 kal. 2002, okt 1 [RAIF07ES.DAT]

INFO: Energy cal.: from spectum file [E_ke' = 0.094 + 0.41 = Ch]

IMFO: FuwHM cal.: from spectiurn file [Fwhr_ch = SORT[ 6.58488 + 0.0040612  Ch ]]

Laoading of 10 spectrun files finished at 2006-12-09 15:47:12

Kl

4 Back |
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Here you should specity 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 nonlinearity analysis
will belong to a specific setup, and its
input measurements should also have
reference to the same setup.

If the sample setup can not be found in
the list, create it by clicking on the New
entry button beside the combo box.

Now you can enter the data for this
sample setup. 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.

All selected spectrum files will be loaded
now, and the importer will provide basic
information on the loading process.

Click Close to finish loading.



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

Importing sample spectra

(¥ HyperLab Main Module 2005 - user HLUser2, instance #1 on WORKSTATIONZ,/192.... [H[=] B3

File Help

?

Sel

d item: M

tasks. 0 sub-item)

entry [6

Lab databazes

ocal MyD atabase database
|7 User projects

Ell_',' Test project

B i) Measurements

[ca Analyses
s Lats and zamples

k1|

g D4 kal 2002, okt 1 [AME03204 DA
~wig) D4 kal 2002, okt. T [BASS211A.DAT]
) D4 kal 2002 okt 1 [CO010434 DAT]
i) D4 kal 2002, okt 1 [CO010424 DAT]
) D4 kal 2002, okt 1 [CO851854 DAT]
i) D4 kal 2002, okt. 1 [CODOT11A.DAT]
k) D4 kal 2002, okt 1 [C596147A.DAT] | =

) D4 kal 2002, okt 1 [EUS02974 DAT]
-y} D4 kal 2002, okt T [MNOT0414.DAT]
) D4 kal 2002 okt 1 [RAZ70764.DAT]

-

DAT]

1d: 377

| MName: D4 kal. 2002, okt 1 [AM803204. DAT]
| Started at: 2002 Oct 10, 12:24.00

| Finished at 2002 Oct 10, 12:34:00

| Number of peak evaluations: 0

© Nurnber of peaks: 0

o

Tasks | Sub-items

'3 Create new peak evaluation
Measurement properties

| Mew Measurement

¥ Delete Measurement entiy
i Create report

[E]l Remave all peak evaluations

|Selected item: Measurement entry (6 tasks, 0 sub-item)

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.

To define a source, click the measure-

ment 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.

Measurement properties

{Selected measurement - pg | | Selected measurement - pg 2 I Spectral More measurement entries I

MEASUREMENT ID 3771

=1 E3

MEAS. METHOD! IDanayrgamma measurement

ME&S. SETUP IHyperLah sample meas. setup up to 3300key

PROJECT | Test project

Ll el
FERM

NAME D4 kal 2002 okt 1 [AMBI3204.DAT]

MEASURED B | Database administiator

o

MEAS. DBJ. TYPE |Unknown / undefined

I 3 |0 K K
FERpDE

SOURCE | 2
SOURCE LIST | "
SAMPLE | 2

& Help | @ Ok | €3 Cancel | A Apply |
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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 “Source properties editor window”.

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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