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Gamma-ray tracking array o York

Highly segmented _
HPGe detectors Identify (x,y,z,E,T) »
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Pulse Shape Analysis

Reconstruct gamma rays
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Current challenges

signal basis

generation

(Experimental (scanning)

* long acquisition times

» different conditions between scanning and experiment, e.g. noise, radiation
damage

_* mechanical alignment D

CAnaIytical (calculated) )

* intrinsic space-charge density

* the electron/hole mobility

—| e crystal temperature and

» crystal orientation

 passivated and contact thickness
« shape of charge cloud

- _/
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Self-calibration concept

= Generate signal basis in experimental way Dett

S. Heil, S. Paschalis, and M. Petri, Eur.
Phys. J. A (2018) 54: 172

Group interaction points
from different
gamma-rays into hit
collections

Optimise coordinates of

hit collection using the
tracks that link their Use Compton formula to

constituent points and order interaction points
Compton formula

Define tracks between source

interaction points that also .
A ia e aieeelsita . » Produce pulse shape basis for all detectors

each other = Strong gamma source illuminate the whole array
= Compton formula optimize scattering events
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Simulation with Pulse Shape

Geant4 simulation: Group pulse shape:
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= Geant4 simulate AGATA-1Pi array, save Compton scattering events
= Pulse shape basis linear interpolation — simulation data
= Group pulse shape according to similarity




Simulation : PO Siti On | HC position Y:X dist: calib pos — real pos

n m m ok
1200k e e e
optimization inital
20 - 1000
£ o . 800
€
of i s
~~
Det1 Detz > 10 00
-20F 5
jz: 00
B o T P B e
5 50
40f- o 1600F
N . ' oo 1+ iter.
A 1200F
E i 1000f-
; ° ’ ' 800
10k
ot '
30b-
_a0f
N [ R T

Y / mm
i
8 8B 3 o 3 8 8 8

Mec? mec?

cos® =1+ —

inc Einc _ Edep

source

Y/ mm
o
8 8 3 o 5 8 8 38

5 10 15 20 25
distance / mm

Simulate 2MeV gamma 2e10 events
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Simulation: Position fidelity

dist : npaths
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Simulate 2MeV gamma 2e10 events " Slightly worse resolution in phi direction
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Simulation: Position fidelity

2MeV gamma 2el1 events
Distance between self-calib
position and “real” position

Y vs. X {npaths>200}

without electrical noise

Better than 1Tmm
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Self-calibration basis go® UNIVERSITY
(simulation)

Chi2 difference: self-calib pulse vs. real pulse

Y : X {slice1) Y : X {slice2) Y : X {slice3) Z:x
50 50

50 40 -30 -20 -10 0 10 20 30 40 50 _5—%0—40—3(7-204001020304050 _5—950—4040—-20—1001020304050

A

Y : X {slice4} Y : X {slice5} Y : X {slice6}

= PAPYFIEIFAE
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= Large Chi2 observed around segment boundary

Simulate 2MeV gamma 2e10 events




PSA position resolution

(simulation)

Using the calculated
Basis on a 2mm grid
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05A, 14A, 14B, 14C not included in the GTS

Experiment: source data

source at target position

22Na source, 130kBq

The positron (B* particle) then annihilates
with an electron and creates 2 x 511 keV 26a
y-ravs

1274.6 keV
Y

— CoreE[0]
— SegE[0]
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PRI I |
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22Na source at center of array
= Large signals, CoreE>200keV (small relative noise level)
= Compton scattering events (fold 2 trigger)
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Self-calibration result

Simulation data (same size as source data)

Real HitCollection Position
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source data

Calib HitCollection Position
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= |ldentify incoming gamma energy by OFTtracking (set sigma_thet = 3.2)
= consistent results between simulation and source calibration
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Pulse Shape Analysis (PSA)
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PSA Final Chi2
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= ADL (AGATA Detector Library): theoretical calculated basis on 2 mm grid

= Chi2: the difference between experimental signal and the signal basis fitting

= The PSA final chi2 with self-calibration basis is smaller than that with ADL
basis = self-calibration basis better describe experimental signal
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E, (keV)
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Compton Scattering Angle

Scattering angle vs. Scattering Energy Angle_PSA - Angle_Compton
x10°
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E2 = Compton scattering of 1274keV gamma

= Interaction position from PSA with ADL
basis and SelfCalib basis

= Comparing scattering angle from PSA and
the Compton angle from energy deposit

E1+ E2=1274keV

1274keV theta
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Data size and Computing
resources
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o York
Data size

= %’Na source, 33 detectors, fold 2 trigger, Ecore>200keV = 18TB
=« Ecore>300keV required in analysis = 25% data

Computing resources
= group pulse shape
o separate process for each detector:
17 GB memory, 15 cpus (40 hours)
= position optimization
o all in one process:
160 GB memory, 60 cpus (1 hour)
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Summary

= Self-calibration is tested with AGATA simulation data with pulse
shape yielding reasonable results

= Influences of statistics, noise levels are studied

= Experimental data is taken with 2Na source at LNL, self-calibration
with experimental data give results consistent with simulation data

= PSA with self-calibration basis and original basis are compared,
yielding some improvements with self-calibration basis

Thank you for your attention
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Backup
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Pulse shape o0 UnIvERSITY

Source calibration
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20 30 40
Seg0
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Seg0 Seg0
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Ecore>200keV, without noise

dist : npaths detpos|1].detpos|0] {npaths>100} cadpos2{1]:cadpes2{0] {npaths=>100}

h ) nl 0 nl 3
Lanee 147316 Setvac  TIA2 o T |
Mean » me Wean s OR2 o . ear « 1T ’
tMean g 4% Matas Veary Q6 i LRT - Meary O |
SuDers 2033], f .3 24Dsex 194) R 2 g 24 Owex -nl'r
SuDery 4483 i ; 00y 194y ; . |mtoeecy e

200 400 600 800 1000 1200

dist : npaths delpos[2].detpes]0] {(npaths>100}

v "
Lanec LB B pt e
fAczn 174 T N —— Crars ol Y Vear »
feen s 545 { 3 Vear y
S« Dev 2031 p 4 v T o P04 0
SuDery 4483 P P

.

TR 3

T
>

T

TTIPTTTT
.

“-».'.'MNM"_M*.»‘M‘ J-tmb_ﬂ

- 0 W s O N
T

T

A A A l A A l V- PN l V- - ‘ W — l
200 400 600 800 1000 1200




Position converge (simulation)

Ecore>200keV, with noise

dist : npaths detpos|1].detpos(0] {npaths>100}
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Ecore>300keV, with noise

dist : npaths detpos|1].detpos[0] {npaths>100} cadpos2({1].cadpes2{0] {npaths=100}
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Pulse Shape Analysis concept
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791 keV deposited in segment B4
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Pulse Shape Analysis concept

I3
- :
@ o
-
-

e ‘»Z\»‘ UNIVERSITY

)

au
-

I m I
U'I|
g

o

N

°

\ip
I

CORE

= Measured

- Calculated

|

791 keV deposited in segment B4

23



Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept
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Pulse Shape Analysis concept

A3 A4 A Result of
_ Grid Search
algorithm
(10, ,46)
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791 keV deposited in segment B4
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Simulation with Pulse Shape

Geant4: Signal Basis:
Y :

X Z: X

~5056-46-30-20-10 0 10 20 30 40 50  -50-40-30-20-10 0 10 20 30 40 50

Pulse shape signal basis
AGATA Detector Library
(ADL)

Normalised Charge
o £
=

o
)

15 20 25 30 35
Segment Number

= Geant4: Compton events information
= Linear interpolation ADL pulse shape basis
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Group Pulse Shape

. seg = 20
Chi2s[0]: seg20, core nhitsl = 1 : 1571.00
' nhits2 = 1 : 1590.26
. nfired = 36
neighbour sectors: Engl = 1571
Chi2s[1]: seg14, seg26 Eng2 = 1590.26
chi2 =7.29173
) ) dist = 9.,98804
neighbour slices: rdifphi= 7.03852
: . ' diffr = 5.51792
Chi2s[2]: seg19, seg21 rl e
PhiRZ1 = -165.32 29.76 31.31
PhiRZ2 = -177.72 35.28 26.80
difphi = 12.4017 degree
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roup Pulse Shape

Hits Y:X {Det0, Seg2, nhits-8} Hits Y:X {Det0, Seg2, nhits-11}

hxy

Entries 8
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Entries 1
Meanx 1455
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StdDevy 1212

Hits Z:X {Det0, Seg2, nhits-54}
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Entries 54
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Std Dev x 0.5899
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Initial HC position: segment center
Compton scattering angle:

Position optimization

Detl

2

mec? MeC
cos© =1+ —
Einc Einc T Edep

Scattering angle from path ©’
Optimize HC position

— reduce angle difference
Loop HCs and iteration

source
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Position resolution

dist : npaths
1= .
= —— sim 1e9 evts
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= Simulation data size influence to position resolution

UNIVERSITY
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with noise

Simulation: Position resolution+

Simulate 2MeV gamma 1el1l events

without noise
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Gamma source

Identify incoming energy according to figure of merit from OFT

0Co source
Simulate 1173keV

%10 OFT 1173
o Entries 518533
E Mean 1187
= StdDev 4553
= correctness 91%
E PR [T T T T AN T T T S NN S |H T B R R R
00 1200 1250 1300 1350 1400
, Simulate 1332keV

10 OFT 1332
:_ Entries 538961
c Mean 1290
C Std Dev 70.26
= correctness 73%
E L PR T T T T AN TN T S A T T B R R R
00 1200 1250 1300 1350 1400

88y source

UNIVERSITY

Simulate 898keV
10° OFT_898
E Entries 427383
400 Mean 906.8
= Std Dev 90.45
350
-l correctness 99%
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, Simulate 1836keV
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50Co source

Identify incoming energy according to total energy deposit in array

total Energy

90010° hEtot
B Entries  3.022424e+07
= Mean 1720
800 :_ Std Dev 530.2
) Select events with total
600 Energy of 1173+10keV
500 and 1332+10keV
400/
2 correctness 99%
300
200
100
0:llll|ll—l--'-i—4'l—l"4'—‘1J LllIIlIllllIllllllllllIl

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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accurate source position 10mm mistake

50Co source

dist : npaths detpos(1]:detpos[0] {npaths>100} dist : npaths
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Source position

labpos[2]:labpos[0]

Entries 57939
Mean x 0.4505
Mean y -215
StdDevx 1188
Std Devy 40.37

b 4 (0,0,'400)

-200

UNIVERSITY

Source at Source at

(0,0,-400) (0,0,-160)

LabPos[1]:LabPos[0] LabPos[1]:LabPos[0]

LabPos[2]:LabPos[0]
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Calibration data

SegE: 358.23 117.15
CoreE: 474.75 474.15
CoreT: 42.76 42.76

SegE: 186.78
CoreE: 185.98 185.27
CoreT: 39.55 39.55

SegE: 1119.49
CoreE: 1117.32 1117.95
CoreT: 43.49 43.49

SegE: 682.47
CoreE: 681.66 680.12
CoreT: 42.95 42.95

Segment

O

UNIVERSITY

/ork

small signal

small Compton signal

accepted
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