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Gamma-ray tracking array

Highly segmented _
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Current challenges

signal basis
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Experimental (scanning)
* long acquisition times
| - different conditions between scanning and experiment, e.g. noise, radiation
damage
_* mechanical alignment y

[Analytical (calculated)

* intrinsic space-charge density

* the electron/hole mobility

—| * crystal temperature and

» crystal orientation

» passivated and contact thickness
« shape of charge cloud
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Self-calibration concept

Generate signal basis experimentally & in situ

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
interaction points that also

link the hit collections with
each other
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source

e Produce pulse shape basis for all detectors
e Strong gamma source illuminate the whole array
e Compton formula optimize scattering events
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Simulation with Pulse Shape

Geant4 simulation: Group pulse shape:

Normalised Charge
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segments

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




Simulation: POSition HC position Y:X dist: calib pos — real pos
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distance / mm

distance / mm

Simulate 2MeV gamma 2e10 events
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Self-calibration basis

40 [ slicel
20

|Y/mm
o

200

[0 gy
—40 -

40 [ slice4

Jog el

20 40

Joogrg o] girgey
20 0
X/ mm

P [ RO TRCT I (ST

[P psens
20 40 -40 -

ol gy [log o) sy oy o PN [PRIPIEY) [TTITCOR [N
-40 20 O 20 40 -40 -20 O
X/ mm X/ mm

= Large Chi2 observed around segment boundary

Simulate 2MeV gamma 2e10 events




PSA position resolution S L)
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o Compare PSA position resolution using different basis
e Electronic noise in pulse shapes and TO offset are included in simulation,
and their influences to self-calibration basis are studied

S. Chen, S. Paschalis, et al. Eur. Phys. J. A (2025) 61: 195




Experiment: source data

22Na source, 130kBq
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e %’Na source at center of array
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o 05A, 14A, 14B, 14C not included in the GTS

source at target position

e Large signals, CoreE>200keV (CoreE>300keV data is used for self-calibration)
e Compton scattering events (fold 2 trigger)
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simulation of realistic geometry of AGATA (even with 1Pi)
end-to-end simulation including pulse shape analysis

validation using experimental data (source and in-beam)
Exp 24.01 - dedicated in-beam LNL experiment Dec 2024

Method validation timeline

SXXX

2018: proof of principle 2022: test with AGATA 2023: test with real gamma 2024: produce optimized

with a simple simulation simulation with pulse source (22Na) data at LNL basis and validating with
\ shape \ in-beam experiments
RS | | ol o | o .

2018 2019 2020 2021 2022 2023 2024 2025 \ 2025: complete

simulation published
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Experiment: source data

e Strong %Y source, ~540kBqg

® source at target position, AGATA at
nominal position

e Flod 2 trigger with core energy
threshold ~300keV

® Saving trace data, validation rates
~900Hz per crystal

e Data taking for ~5 days (Dec. 2024)

e Data size ~¥26TB

source
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Experiment: source data
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Incidence gamma energy

total Energy
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SelfCalib basis
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Compton Scattering Angle

E, (keV)

Scattering angle vs. Scattering Energy
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Angle PSA - Angle Compton
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Experiment: in-beam data

AGATA at Close-up position
PRISMA at 55°

1%7Au target 1mg/cm? (0.52um)
28Sj scattered to 55°, 118MeV ($=0.09)
?Si2"t, , = 0.475ps

10 — 12 December 2024 (~41h beam on target)
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Experiment: in-beam data
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Experiment: in-beam data

Doppler-corrected CoreE
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e Self-calibration technique is developed with AGATA simulation data
with pulse shape

Summary

e Self-calibration data taken with ~540kBq 2%Y source
e In-beam data obtained using ?8Si on Au target, clear 2* peak observed

e self-calibration basis generated from source calibration data looks
promising

® Analyse in-beam data using ADL basis and self-calibration basis

Next steps
e perform PRISMA analysis

® Doppler-correction with OFT tracking
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Thank you for your attention
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