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High Purity Germanium

Detector Characterisation
and Analysis

@ UNIVERSITY OF
%/ LIVERPOOL

Overview

This lecture will cover

* Basics of the Liverpool detector scanning system.

* Features of the AGATA segmented detectors.

* How to open and sort data with the MTSort software package.

* Identify scan output that is important for detector characterisation.
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Detector scanning (1)

The scanning system consists of:

* Two motorised arms moving in an X-Y grid with millimetre precision.

* An active single photon energy source is used: %37Cs (661.7 keV) or
241Am (59.54 keV), selected for the scan depth within the detector.

* Tungsten collimator are used to form a 1 mm pencil beam.

* The scanning table position is read out to a PC.
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Detector scanning (2)

* Measure the average detector response as function of position.

* Output:
1. Full energy in hit segment event traces
2. Transient signals (segmented detectors)
3. Moving Window Digital energy
4. Scanning table position in step x and step y.

* The pulses are read out and gated by the position of the scanning
table.

* Detector Performance and Uniformity can be measured.

* Charge collection can be studied through the analysis of detector
traces.
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Detector scanning (3): Coincidence

* Forfull X, Y, Z position information, a coincidence scan is performed.

* Secondary lead collimators are placed along the length of a detector.

* The 137Cs collimated beam will scatter at 9o degrees in the HPGe detector.
* The scattered gamma-ray will deposit energy within ancillary detectors.
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Detector scanning (4): Coincidence

* The energy for a 9o degree Compton scattering energy can be gated:
* 374 keVinthe scanned detector and 288 keV in the detectors.
* From this information a pulse shape database can be created.
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The AGATA Detectors

State of the art segmented High Purity Germanium (HPGe) detector
encapsulated within aluminum canister.
* The detectors are segmented 36 times, into 6 rings and 6 sectors.

* Both the outer segment electrodes and code will collect charge
carriers (holes and electrons) and are highly position sensitive.

* Utilized for Gamma-ray tracking within gamma-ray spectroscopy.

Length: 90 mm

Scan Data Acquisition electronics

* Power is supplied to the preamplifiers (12 V) and to the detector.

* For AGATA data acquisition, 36 segment and 2 core signals (one for
energy, one for timing) are read from the detector to the CAEN
digitiser.

* The AGATA differential preamplifier signal is converted to a single
ended signal within CWC converter boxes.

* The detector traces are read into CAEN digitiser cards which digitise
the preamplifier signal and calculate MWD energies.

- :
Power AGATA CWC Box |
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Data Parameters

Energy: The energy registered

Event: A count registered in the detector

Fold: How many segments registered an event.
= Fold 1: Hit in 1 segment
= Fold 2: Hitin 2 segments

= Fold 3: Hitin 3 segments

Events that have Compton scattered between two
segments can be added-back to the full photon FolC 2\
event energy.

Detector Output

Real and transient pulses are produced by the AGATA detector.

An event is registered in the core and in the segment.

Transient signals are formed in adjacent segments.

The magnitude of the transient signals is dependant upon the proximity

of the even to the adjacent segment -> further position information.
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Detector Output (2)

In order to study detector response, we can quantify the pulse shapes by
looking at the risetime.

The risetime will vary with charge collection position within the detector
segment.
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AGATA Detector Data to Analyse

2)

In your practical you will analyse 2 sets of AGATA detector data:

Presorted AGATA scan spectra, taken at 60 seconds per scan position.
Using these spectra you will analyse the fold counts, event energy, risetime
and image charge asymmetry response of the detector.

Unsorted AGATA scan data at 1 second per position. You will analyse this
data with MTSort using a prewritten analysis code.
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MTSort Language

* MIDAS is a software package utilised for digital data acquisition.

* Basic MTSort programming language:
* You will be given a “Quickstart” Guide to assist in the software use
» Used toread in and sort digital data.

= Simple syntax designed for creating and 1D and 2D spectra:

MWD Energy

MWD Energy (keV)

0l L L L L L L L
105500 1000 1500 2000 2500 3000 3500 4000 4500 5000
energy (keV)

50 100 150 200 250 300 350
BD Energy (keV)

Sortfile Format

Sections are separated using “Starwords":

* *FORMATS: Identify which experimental parameters you will use,
including which kind of digitiser.

« *DATA: Sample lengths, constant variables, and gain matching
parameters.

* *SPECTRA: Declare which one dimensional and two dimensional spectra
you wish to generate.

+ *COMMANDS: Process the pulses, gain match, set gates on energy, fill
declared spectra

* *RUNFILES: the run file, listed as DISC /path/run*

* *FINISH: Denotes the end of the sort file.
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Spectrum Viewer:

Display saved MTSort spectra

Sorting...:
Will allows you to open the

MTSort Control Window.

Opening MTSort: Applications = Start MIDAS Session

The MTSort Setup Window is now open:

The MTSort file can be edited.

An optional C-code for pulse processing can be included.

The Sort window can be opened.
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Running a sort

* Editing the Sortfile

Sortfiles directory: [hom

Sortile:[A gata_Basic Agata_Basic
Agata_Basic~

Setup status:  OK

BEGe_1024.c
BasicBEGe
itsortfile —|  Editpolygons | Gainmatch window BasicBEGe-~
Compile sortfile ‘ Run sort program KD
SAGeWell_1024
View compiler messages ‘ Defer map creation to run-time []  SAGeWell_1024~
= - .. lagata 128 new c 7]

tional user library: Jhomesic/sortfiles/agata_1 28_new.c
Up ‘ Delem‘ Refresh
ShmSas statws: - Running Run SHMSAS | | Help e

Running a sort

* Editing the Sortfile:
* In atext editor (gedit or emacs), the sortfile can be created and edited to

include additional arrays, spectra, variables etc, for analysis.

Sortiles directory: /e
Sortfile: A
Setup status:

Edit sortfile

Compile sortfile ‘

View compiler mes|

tional user library: [/nd

ShmSas status: Ry

“Plain Text v _Tab wWidthi B v tn 1, col 1
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* Compile the sortfile:
* The sortfile must be compiled along with the C-code before the sort can
be run. If there are any errors in the compilation the sort will not run.

[ Bopen v Lsae & e B Q&
Sortfiles directory: [home/sjc/sortfiles/ Tt pro;
Sortile:[Agata_Basic Agata_Basic £
Basic-
Setup status:  OK. ;
BasicBEGe
Editsonfile =|  Editpolygons | Gainmatch window | g icBEGe-

PhD

Compile sortfile | Run sort program

e | etes roap creation to -t ]
[ {oe e /

Up | Delete | Refresh

tional user library: [home/sjc/sortfiles/agata_128_new.c

ShmSas status:  Running Run SHMSAS |  Help

Running a sort

* Compile the sortfile: | e
| Bopen v Ksae G L g B Q&

Sortfles directory: [ home/sic/sortiles/
Sortile Basic /Agata_Basic A
_Basic~
Setup stats:  OK B 1024.c
BasicBEGe
Editsortfile —|  Edit polygons. Gainmatch window BasicBEGe. AR
PhD

e

SAGaWell_1024
View compiler messages \ Def
Compiling Agata_Basic ... T
overwrite sort program
Agata_Basic ?

tional user library: [ome/sjc/s

ortfil ¢

Delete | Refresh |

ShmSas statws: ~ Rut Run

Plain Text v Tab Width: 8 v L1, col1
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MTSort

* Compiling Successful, now you can run the sort program

Sortiles directory: [home/sic/sortfiles/
Sortfile:[Agata_Basic

Setup statws:  OK

sort programs|

‘Agata_Basic ]
[Agata_Basic~
[BEGe_1024.c

BasicBEGe

Edit sortile Editpolygons | Gainmatch window | |BasicBEGe-

Compile sortfile | Run sort program

Defer map ereation to run-time [J]  [SAGeWell_102

‘PhD
SAGeWell_1024

lgata 128 new.c 4

_Up | Delete | Refresh

ort compiler versi 7 ... Current sort setup directory is /home/sic/sortdirs/A gata_Basic

ersion for unix. sorting eurogam format data.

trum Memory space required SO788864 bytes (

Localdata (maps.arrays,variables etc) space required

Event shared object C compilation succeeded

MTsort map creation version 3.2
MTsort gain amay creation version 3.3

Sort setup of Agata_Basic successful

48.4 MBytes)
106364 bytes (0.1 MBytes)

MTSort

* MTSort Run Window:

Session staried on Fri Mar 07 09:26:30 GMT 2014,
You are now working with experiment sort_localhost

Sorfiles dircctory: [lomeisjc/sonfies/

Sortfile:[Agata_Basic |Agata_Basic H
IAgata_Basic-
BasicBEGe
BRI | oo | | Guimmenwisdow |  [poscbEoe-

o

| e

| Conpie sonte | | Runsot program | SAGeWell_1024

View compiler messages | Defer map creation to run-tme [J]  [SAGeWell_1024.
S .

[ p ] [ Dt | metost |

MTsort compiler version 1.107 ... Current sort setup directory is homesc/soridir:

ta_L

tional user library: homersjc/sontie:

ShmSas satus: - Running Run SHVMSAS | | Help

[Version for unix, sorting eurogam format data.

rum Memory space required SO7SS864 bytes ( 45.4 MByles)
Jdata (maps.arraysvarisbles etc) space required 106364 bytes (0.1 MByes)

1 shared object C compilation suc
MTsort map creation version

MTsor gain amay creation version
Sort setup of Agata_Basic successful

[t troce Tevel 00 ..
[t Tox lovel o0 ..
[Fomect o Schmdule”"Shn senent.

[chodiler nain thresd 670700

[Cmand thread enteceds 102 B

[ort v sain sheead 251567

o tput wain tread 5267

[orezans sain thecad cases00 .
=2 roads for U

436700 (pid 20134) .,
..
7oy’

input [F=] CaenbigitiserDisc

Bad autogain centroids: [ keep gain coefficients fixed

B DeeteRecreate spectra | - Spectrum Path:

s | P =] e = S oo = i

Go | sop | SonReload| sonExit | Status:

[Fri Hlor 7 0929119 2014 Msort Linie vereicn £.7 Ved flog 30 £3:45334 BST 2012 on 172

Sewp | output1 /5] Null

Pass through option ] cupuz e
M; smp‘ Outputs [F] Nul
e eam— R Outputa | Nu

eep scheduler window [l
Stopped Exit
View specra

Variables | Help | Refesh

Sewp.
Sewp.

Sewp.

Sewp.
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MTSort

* Enter the spectrum path for where the spectrum will be saved

AT V) (x

rt Run Window 4.

Setup ‘ Outputl j Null Setup
output2 =] Null Sclllp‘

Sort Agata_Basic Setup | Output3 "= Null S

Pause before cach event [ R Outputd| = Null SemEJ

Input | ~| CaenDigitiserDisc

Pass through option [J||

Bad autogain centroids:

keep gain coefficients fixed ‘ Keep Scheduler window [l

Go Stop | SortReload| SortExit | Status: Stopped Exit
— R ] el

home/sjc/AGATA

View spectra

Statistics ‘ Print block ~‘ Debug ~| Show sortlog ~‘ Spectra ~[ Variables | Help J Refresh J

MTSo

Select Go

Confirm delete and recreate spectra.

[T e

Agata_Basic
A c

sewp | outputt [[] Nun
=] Null Setp

ouipts 5] ot seun |

Outpt
Editsonfle —|  Editpolyzons | Gainmatch window

Sewp
Compile sontile | Run sort program

Resume| Outputs 2] Nun sewp |

icents fixed

P —

Sort Relos Exit | Status:  Stopped Fxit

Delete and recreate
b spectraz

ioReceste AT s

e | RS [BERSETS] RORESORTS] BRI veratis || i || et |
e 2
106364 bt 0.1 MByis
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MTSort

* Sortis now running

(utputs: Encbled 0 ...
Outpt2: Endbled 0 1.

owpns: Enbled o

Outputd: Encbled

e S0y 7Bt Startia G Dise gt hndle ..

oo 10700 sranelar 10 28503700
o nterd sirote oot sren 1 (oid 2755 ..
Pt 062000088 strean 1 (pid 20034) ...
o 7 5150150 BoLe St starve

Ireut streo L fow runtile ellocated /ond/god/ront/40/BOR AL
Fra Mo 7 08530551 2014 Sort going an
e
e ice:
uaa/xoos/mn 0 ret
o 1 recrd 1 e 5150 RiL0 pors, start bleck 1
ot s 855200
o feile 0t Sk Tenth et 10 6553tes

Tnput 22| CaenigitiserDisc sewp | Outputt ] Nunt

P | cupuc g

Sort J Agata_Basic Seup || Output3 j Null

Pause before each event [l] 2] Outputs [ 15| Nul

Setup
Setup

Setup

G

Setup

Bada

centroids: JF8] keep gain coeft

Go | Swop | SorReload| SortExit | Statu

s i | Keep Schedutr window [l
Delete/Recreate spectra | Spectrum Path: fhome/sjc/AGATA View spectra
[ e | EERRRERE ISR O] R | v-rove || v || oo |

[SORT RUN: -
Fri 07 Mar 09:30:44 Sort run started for A

MTSor

Statistics

1: Ensbled 0 .

i 605700 ranslatee 1D 26503700
2073)

o i supte OGR00NES stren L (513 2034

e S starte

Yoy rne i alosated ot ab/BU/R/RLL
Soct sy

o streon 1 recod 1 1 me 9156 R1LO opened., start block 1
nput handlert Event block langth set o SE3but
Eor. andir Gtput bk Legth et to Srsnes

toput 2] coenpigtscrpic | S| oupr Rl e
Pass through option ] Output2 2] vun

sort. [I5] Agata Basic Seup | Outputs R
Tt | [ | Outputs 2] nou

Bad autogain centroids: B8 keep gain cocfficients fixed

Go | Stop | SortReload Status:  Going Exit

B Delcic/Rocreate spectra Fim Path: [home/sic/AGATA View spectra
Debug —| |Show sorllog | Spectra —| Variables | Help | Refresh

Fri 07 Mar 09:30:44 Sort run started for Agata_Basi

Resp Scheduler window [l

Counts at:

Event Blocks In
it Blocks R

COUNT MOT

Fri War 7 09:31:10 GHT 2014

put

counts

2355
45778
274671

11
42399

(38535)

(0)
(38559)

UPDATE

X

6/12/19
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MTSort

View the spectra you are creating, using View Spectra.

oo =
=T I
‘o..q.mz;]ﬂ
e | Outposs [ Nu|
Outputs [I2] Nun g a7
‘ o g e ] < ) 2 ] s | Do | ] T S|

- | S I e B | v | i || e

BEGe Detector

A Broad Energy Germanium (BEGe) Detector

* The BEGedetector has been scanned with a 24:Am source.

Length = 26 mm

‘ Diameter = 61 mm ‘

Preamp
Power [ 3

BEGe

+5000V

Scanning -
table PC

Y
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Example: BEGe Scan Data

* The CAEN cards will read out the MWD energy and the pulse traces.
* From the traces, the baseline difference (BD) energy is calculated within
the C-code in an MTSort sort.

* BD energy: Difference between trace height before and after the
pulse.

* Less accurate energy calculation than MWD energy.

Digitised Trace

BD Energy

il L L
3500 4000 4500 5000

Example: BEGe Scan Data

* The CAEN cards will read out the MWD energy and the pulse traces.

* From the traces, the baseline difference (BD) energy is calculated within
the C-code in an MTSort sort.

* The MWD and BD Energy Spectra:

MWD Energy

S 100 150 200 250 300 350 0
BD Energy (keV)

eeeeeeee
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Example:BEGe Scan Data

* Output position x and position y gated Spectra:

Position Gated
4500

4000
3500
3000
2500
2000
1500
1000
500

Example BEGe Spectra

* Gate on the energy: low_en and high_en gate on the 242 Am peak.

MWD Energy
10 T T T

10+ .

Counts
=
o

T
1

I I I i i i i ‘H\“MH\ I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
energy (keV)

6/12/19
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Example BEGe Spectra

Gate on the energy: low_en and high_en gate on the 24 Am peak.

o MWD Energy
10 T T T T T T T T T
10°% :
£
§ 10“( :
1071
100 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
energy (keV)

Example BEGe Spectra

Generate a position and energy gated spectra:
* This shows the full energy absorption of the 59.54 keV gamma-ray.

Position Gated Position and MWD Energy Gated

4000

4000
3000 3000
€
E
> 2000 2000
1000 1000
0 0
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Example BEGe Spectra

* Generate Risetime spectra:

* Calculate the t10, t30 and tgo values of the digitised traces
BEGe Pulse Shape

90 %[

30 %
10 %

| | | | |
0 500 1000 1500 2000 2500 3000
time (ns)

Example BEGe Spectra

* Generate Risetime spectra:

* Calculate the t10, t30 and tgo values of the digitised traces

BEGe Pulse Shape
T

90 %[

30 %

0% g

10 630 90
time (ns)

18



Example BEGe Spectra

* Risetime position spectra

BEGe T30 BEGe T90
200 300
180 280
160 260
140 240
120 220
100 200

20 40 60 80
X (mm)

Practical work

After this practical you should be able to:

* Identify the components of a detector scanning system.

* Understand features of the AGATA segmented detectors.
* Sort digital detector data utilising the MTSort package.

* Identify key component of detector characterisation

6/12/19
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