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Measurements

How do the AGATA performances evolve at high energies?

Currently measurements: 22°Ra up to 2.4 MeV
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R. Pérez-Vidal et al., INFN-LNL Annual reports, vol. 56, 2022. (34 detectors)

Preparation of experimental proposals
Analyses of y-ray spectroscopic data
Validation of GEANT4 simulations
Optimization of the tracking algorithms

Analysis mode | Efficiency P/T
Core 3.05(9) % |16.8(6) %
Tracked  |4.16(12) % |32.9(9) %
Addback  [4.21(13) % |28.6(8) %
@ 1.3 MeV




Measurements

Performance up to 5MeV

15t PHASE:

°6Co y-ray source measurement:
o Efficiencies up to 3.4 MeV
o Cancelled for now

2"d pHASE:
®67n(p,n) reaction:

o Efficiencies up to 5MeV
E=13MeV (o= 680 mb)
Target: Au (0.1mg/cm?)+%Zn (1.5mg/cm?)+Au (1.5mg/cm?)
. =2-10 pnA

beam

AGATA @ back-most + paraffin wall
26'™-315 July 2024
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and the AGATA performance team collaboration
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Energy [keV]

Intensity [ %]

Rel. uncertainty [ %]

833.53
1039.22
1333.11
1918.33
2189.62
2422.53
2751.84
3228.80
3380.85
3422.04
3791.00
4085.85
4295.19
4461.20
4806.01

5.90
37.00
117
1.99
5.30
1.88
22.70
1.61
1.47
0.86
1.09
1927
3.81
0.84
1.86

5.08
5.41
fil3
5553
5.66
5832
5.29
5.30
5.44
5.81
5.50
5.51
5.51
505
5.38




Measurements

Performance up to 5MeV | 26™-31%july 2024

e  AGATA position: Nominal (23.5 cm) and Close-up (18 cm)
° Closed chamber, Without absorbers
° 2.5us
e ~110kBqg Ga source
Source Position Duration Rate
Nominal 2.5h
- 1.5kHz
60Co Nominal Traces 1hi1:5h
Close-up 2h 2kHz
Nominal 4h; 2h
- 2kHz
152Eu Nominal Traces 2h; 1.5h
Close-up 3h; 2h 3kHz
Nominal 2.3h 2kHz
133Ba
Close-up 1.6h 2.7kHz
Nominal 4h 1.6kHz
226Ra
Close-up 2h 2KHz
Nominal 5.7h 1.8kHz
Nominal Traces 2h 1.2kHz
Target
Close-up 6h 0.7kHz
Close-up Traces 2h 0.45kHz & 1.5kHz
60Co Far Traces 6h ; 6h 1kHz-0.8Hz




Measurements

Performance up to 5MeV | 26™-31%july 2024

° AGATA position: Nominal (23.5 cm) and Close-up (18 cm)
° Closed chamber, Without absorbers
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Measurements

Performance up to 5MeV

26t-315t July 2024

° AGATA position: Nominal (23.5 cm) and Close-up (18 cm)
° Closed chamber, Without absorbers
° 2.5us
e ~110kBqg Ga source
Source Position Duration Rate
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Close-up 6h 0.7kHz
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60Co for status/individual performances

W~

152Eu for Efficiency normalization

2 irradiation same target:
~6h irradiation 2-10 pnA
~9h irradiation 10pnA
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Status July

12 ATC - 32 AGATA crystals w

00C and 05B: losing validations very often

04B : segments A4, A5, A6 disappearing together and coming back
over time (preamp issue) + noise (not very often)

05C: gain and baseline of the core jump together over time, this
change affects the gain of the core and of the segments

07B : bad resolution due to the continuous oscillation of the
energy in the HG core (LG ok)

09B, 11A: core with strange noise in the trace (same as in C002
and C014 - ATC 6 but with less amplitude)

00B: displays a cross in the PSA hit pattern
02C: seg. B4 (9) preamp issue
11A: seg. F1(30) channel digi issue
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Energy shift
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Recalibration

e complicated by gain corrections -> necessary to do separate recalibration for each source

e large (re)calibration residuals



1526y (run1010)  caiib func = finear

Core recalibration

courtesy of Ryoh Imamoto

The calibration was validated with the >*Eu 778 keV, 1.4 MeV.
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A significant calibration non-linearity
is observed around 1.4 MeV.

*energy in Ch, not keV
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Core recalibration

courtesy of Ryoh Imamoto

The calibration was validated with the **°Ra 609 keV, 2118 keV, 2447 keV.
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A significant calibration non-linearity is observed around 2.4 MeV for O1A.

*energy in Ch, not keV




%Ga (run0003)

Core recalibration

courtesy of Ryoh Imamoto

The calibration was validated with the ®°Ga 1333 keV, 2751 keV, 4085 keV, 4806 keV.
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courtesy of Ryoh Imamoto

Core nonlinearity check
Residual plots of 21 y-rays (0.8-4.8 MeV) for crystal-by-crystal
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Residual (literature valu - calibrated value)
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M EthOdO'Dgy https://baltig.infn.it/gamma/agata-efficiency
AGATA-efficiency code

e code to streamline efficiency evaluation



https://baltig.infn.it/gamma/agata-efficiency

Methodology

AGATA-efficiency code

e automated energy fitting with peak model supporting tails and steps

hEO_TS_11C
REO_TS 11C_py
friies saamTer Full fit function
- Mean %55 % Background
Std Dev 380 H — . 95% confidence band
10° 8 — Peak 778.773840 keV
C L Peak 788.585756 keV
- 10—
10 [
i : . 0 e L : . 1 : : 1
775 780 785 790 795 800
~ Energy [keV]
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800 = | 1 1 1 I
775 780 785 790 795

800
Energy (keV)




Methodology

AGATA-efficiency code

e Configuration-driven

EfficiencyFit.conf

i source 1
Efficiency fit :< Measurement 1 [ Q

M easurement 2 ::_':::.-.-.-::.-.-.-::::.-.-:::.-.-::::

0 source 1

Source data taken from IAEA: https://www-pub.iaea.org/mtcd/publications/pdf/publ287 vol2 web.pdf

>
4A




ISOTOPE 152Eu

HALFLIFE 13.567 years

HALFLIFE ERR 0.014 years
ACTIVITY 397 kBq

ACTIVITY ERR 11.91 kBq
REFERENCE_DATE 01/68/2010

AGATA-efficiency code [

121.7817

H 1 1 244.6974

e Configuration-driven s
411.1165

416.1165

443.965

778.9045

EfficiencyFit.conf

i

source 1
Measurement 1 @

Measurement 2

\\

source 1

.'... e - ~

Source data taken from IAEA: https://www-pub.iaea.org/mtcd/publications/pdf/publ287 vol2 web.pdf




Methodology

AGATA-efficiency code

e Configuration-driven

EfficiencyFit.conf

AN

Measurement 1

Measurement 2

### Data acquired for EXP_035 at INFN LNL using AGATA array
EFFICIENCY FIT IGNORE INTERVAL © 300

EFFICIENCY RANGE
EFFICIENCY OUTPUT FILE

EFFICIENCY FIT FUNCTION

EFFICIENCY OUTPUT FILE

EFF_FCN_PARAMETER

EFF PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

MEASUREMENT

SOURCE_CONF_PATH

ROOT_FILE PATH

HISTO NAME

MEASUREMENT START
MEASUREMENT _END

MEASUREMENT DEADTIME PERCENT

MEASUREMENT

SOURCE_CONF_PATH

ROOT_FILE PATH

HISTO NAME

MEASUREMENT START
MEASUREMENT END

MEASUREMENT DEADTIME PERCENT

source 1

source 1

100 9000
AGATAeff core 00A.txt

polylog 6 # radware/expo/polylog - in case of polylog define polync

efficiency curve.txt

0po - # [par_index] [par_name] [par_range min]

p
p
P
[
[

ABSOLUTE
Conf/Sources/152Eu_SW103.conf

# [par_index] [par_name] [par_range min]

# [par_index] [par_name] [par_range
# [par_index] [par _name] [par range

# [par_index] [par_name] [par range

# [par_index] [par name] [par range

/home/mbalogh/perf/eff histo/EfficiencyHistograms 1010.root

h_E0 00A

28/07/2024 0:01:04 # DD/MM/YYYY HH:MM:SS
28/07/2024 4:07:26 # DD/MM/YYYY HH:MM:SS

0 #percent

ABSOLUTE
Conf/Sources/60Co_AF5909.conf

/home/mbalogh/perf/eff histo/EfficiencyHistograms 1013.root

h_E@_00A

28/07/2024 13:21:44 # DD/MM/YYYY HH:MM:SS
28/07/2024 15:50:50 # DD/MM/YYYY HH:MM:SS

0 #percent

Source data taken from IAEA: https://www-pub.iaea.org/mtcd/publications/pdf/publ287 vol2 web.pdf




Methodology

AGATA-efficiency code

e efficiency calculation
o treatment for short-living sources
o inactive + dead time correction

Cobserved

N decays Iy

N decays —

Exponential Decay Curve (Half-life = 6 hours)

1.0+ —— 66Ga decay (T%=9.49h)

Measurement

0.8

0.6

N(t)

0.4 1

0.2

0.0

Time (hours)

A

{ASO‘LLT'CG ‘
_ _A(Tstart_tref) — o~ A(Tena _tref) D
ee : )

DAQ dead time



Exponential Decay Curve (Half-life = 6 hours)

1.0 4

Methodology

AGATA-efficiency code

—— 66Ga decay (T%:=9.49h)
Measurement

0.4
e efficiency calculation
o treatment for short-living sources
. . . . 00‘
o inactive + dead time correction 1 . " ¢ ¢ ¥ & &
Time (hours)
c | ‘ |
observed A
= N — __Source _A(Tstart_tref) — _A(Tend_tref) D
Nd I decays 2 e e
ecays ly
hEO_TS_00C
% 5000| : S T|EO_2%°S‘2'?°7
2 4000 ; : s ol
—1120
3000
100
80
2000
60
1000 cl
20

f.%SO 3660 3670 3680 3690 3700 3710 3720 3730 3740 3750 0
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Exponential Decay Curve (Half-life = 6 hours)

M 1.0 —— 66Ga decay (T%:=9.49h)
ethodolo
0.8 4
o ° 0.6 4
AGATA-efficiency code
0.4
e efficiency calculation
o treatment for short-living sources
. . . . oo‘
o inactive + dead time correction it 8 4 ¢ & ¢ &
Time (hours)
Cobserved [A |
= Ndecays — _source (e_A(Tstart_tref) — e_/l(Tend_tref))D
N decays Iy A
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- — : [PEO_TS 00C |
Events per time for hEO_TS_04C i S e | 2500a00m 07
_ EventsPerTime_hEO_TS 04C = el
w = | Std Dev 71.01 & 4000 : a e y si07 0
25000 £ | | —120
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Exponential Decay Curve (Half-life = 6 hours)

1.0 4

Methodology

AGATA-efficiency code

—— 66Ga decay (T%:=9.49h)
Measurement

0.4

e efficiency calculation
o treatment for short-living sources

0.0

o inactive + dead time correction 51 & @ 4 § & 9§ #

Time (hours)

A

Cobserved [A |
—_ source — — — -
= N = ——— (e A(Tstart—tre f ) _ e A (Tend tre f ) D
N I decays 2
decays 'y
hEO_TS_00C
— [ hEO_TS_00C |
H > ries .4 '+
Events per time for hEO_TS_01C 2 - . TR
- EventsPerTime_hEQ_TS _01C By iy ss6 [0
2 24000 e i T Enbles 3.349965€407 8 s o e
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Methodology

AGATA-efficiency code

e efficiency functions
o Exponential (E) = el E)

o Radware e(E) = ol(4+Bz+Ca?) C+(D+Ey+Fy?) €]

o Polynomial-logarithmic 1n(6(E))=Z:pi-ln"(E/Eo)



Methodology

AGATA-efficiency code

efficiency functions

(@)

(@)

(@)

Exponential
Radware

Polynomial-logarithmic

e(E) = el-F)

E(E) — e[(A—%—BI—J—C.’L‘z) G+(D+Ey+["y2) ,(;]

In(e(E)) = Zpi -In]

E/Ey)

1/G

huge improvement for E =500 (keV)
reducing covariance between p,
better match @high-energy (E>4 MeV)



Efficiency function: RW vs polylog

Efficiency
>
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Methodology

AGATA-efficiency code

e automated normalization for sources with unknown activity

Efficiency

® 152Eu peaks
1073 5 m 66Ga peaks (scaled)

1074 1

1075 4

10-6 .

Efficiency (arb. units)

1077 -

1078 4

102 103
Energy (keV)



Methodology

AGATA-efficiency code

e calculated experimental covariance matrix used in chi2 minimization
e sources of covariance

o source activity

o source half-life

o (normalization parameter for uncalibrated sources)



Efficiency

AGATA crystals - nominal, core efficiencies

Fitted efficiency-curve comparison

e coreA e coreB ® coreC
60Co 1332.5 keV (relative to 3x3" Nal) 66Ga 4806.0 keV
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Efficiency

AGATA crystals - close-up, core efficiencies

Fitted efficiency-curve comparison

® core A ® coreB ® coreC
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Efficiency

AGATA crystals - nominal, core efficiencies

Efficiency

6th order polylog function, E>300keV
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Efficiency

AGATA crystals - nominal, core efficiencies

e 6th order polylog function, E>300keV

Efficiency curve and external data
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Efficiency

AGATA crystals - close-up, core efficiencies

Efficiency

6th order polylog function, E>300keV
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Efficiency

AGATA crystals - close-up, core efficiencies
Efficiency curve and external data
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FWHM - sum of 28 good crystals
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Summary

o Experiments looking for gamma rays in the region between
2-5 MeV where the performances in terms of calibration,
efficiency and tracking are not well known.

o Measurement to investigate those performances up to 5
MeV realized at the end of July 2024

o  First steps:

Deadtime evaluation

o Validation PostPSA

o Core analysis

o Validation of GEANT4 simulations

o

0 Next steps:
o  Re-calibration of misbehaving 4 detectors

o  Optimization of the tracking algorithms
o Addback analysis

o Future perspectives: towards high multiplicity events
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Nominal efficiency: @GANIL vs @LNL
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AGATA Crystal lookup table

Position ATC A CryBstaI C Installation date
00 18 017 018 018 15/01/2024
01 13 003 016 015 03/04/2024
02 17 016 017 013 01/02/2022
04 7 007 014 003 04/04/2024
05 09 001 001 006 01/05/2022
06 19 018 012 019 13/02/2024
07 2 019 019 020 18/09/2023
08 3 002 007 007 01/03/2022
09 14 014 010 016 19/10/2023
10 15 013 015 011 01/03/2022
11 1 010 011 009 01/04/2022
14 20 009 020 005 01/01/2023

04C 048 ooc :06C

068‘



courtesy of R. M. Pérez-Vidal (slides from AW 2025)

24h measurement ros 14- At
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courtesy of R. M. Pérez-Vidal (slides from AW 2025)

24h measurement ros7-atc2
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courtesy of R. M. Pérez-Vidal (slides from AW 2025)

24h measurement ross-atc22
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courtesy of R. M. Pérez-Vidal (slides from AW 2025)

24h measurement poss-atc22
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Efficiency

AGATA array

®6Zn(p,n)®®Ga reaction:

Energy [keV]

Intensity [ %]

Rel. uncertainty [ %]

833.53
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4806.01
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