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Response of a large LaBr,:Ce detector to 6-38 MeV y-rays
and new scintillator crystals

Outline:

* The problem = measure the detector response at high energy y-rays
* SPring8
* Experimental Setup
* Two identical LaBr;:Ce crystals 3.5” x 8”
* Two identical PMT (R10233 S/N -55 and -59) + Voltage Divider
e Calibration and Measurements
* Geant 4 Simulations
* Response Function
* New scintillators (CLLBC, CLYC, co-doped LaBr;:Ce)
e Conclusions and Perspective



Starting Point

e Very low energy y or x rays (E < 100 keV)
- Some non-linearity ( < 15%) intrinsic of the crystal
- see Alekhin et al App. Ph. Lett. 102,161915 (2013)
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* Low Energy y-rays (Standard sources: 0.1 < E <9 MeV)
- The crystal has a linear behavior
- Non linear effect mainly due to the PMT-VD 6 80 100
- see A.Giaz et al. NIM A 729 (2013) 910-921 LA
- see A.Favalli et. al. App. Rad. and Iso. 68 (2010) 901-904
- |. Mazumdar et al (NIM A 705 (2013) 85-92 )
- reports a «decrease in pulse height of not more than 0.6%”
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* High energy y-rays E > 10 MeV
* An accelerator and a nuclear reaction is necessary Ey =17.6 MeV
* A possible alternative
* Laser Compton Scattering (NewSubaru — Hiys )
e Future — ELI-NP -> FWHM 0.3 %
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* Sincrotrone (8 GeV) v

Electron Storage Ring (8 GeV) &,
* Electron Storage Ring (1-1,5 GeV)
hd SACLA 8-GeV

Storage Ring
e

NewSUBARU :

* laser Compton scattering (LCS)
* E._=0.5-1.5GeV.

e Laser Nd(w): YVO, with wavelength 1064 nm

e ‘Almost’-monocromatic gamma-rays

Courtesy of RIKEN
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LaBr,(Ce):

* Light Yield 6300 ph/keV .

* Decay time 16 ns
e Densiy 5,08 g/cm3

* Energy resolution 3.1 % 137Cs 275
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e Time Resolution ~ 1 ns

Two crystals + two PMT+VD
Crystal S/N L824 and K604
PMT R10233 S/N -55 and -59

LaBr-PRO Amplifier
Two ADCs Amptek MCA8000D

- off beam - on beam spectra

Electronic non linearity upto 5.5V = 0.3% %
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2 Crystals+ 2 PMT+VD

- Test two crystals with same PMT
- Test two PMTs with same crystal

30 mV anode signal at *3’Cs

HV =-810V and -950V

- Simulation LCS + GEANT4
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Two crystals - One PMT
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S1PE9 - C2PEo The two crystals have the same
A C1P85-C2PS5 response (within the error bars)
T for h/'gh enerqgy y-rays
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One crystal - Two PMTs
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The difference increases with y-rays energy
The difference starts at 6 MeV

From 21 to 38 MeV the spectral line-shape
changes

The two PMTs have a very different response
- even though they are of the same model,
they are from the same production run and
have been delivered in the same moment -
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Simulations (LCS + Collimation + Geant)
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Crystals have the same
response

PMTs have different
responses. A shift of 10.2
MeV makes the two
NON- linearity curves
overlap

reproduces measured
spectra
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Response fFunction

Photopeak Efficiency (%)

—— 9 MeV non linear P59
—— 9 MeV linear
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Simulations work on
measured data.

We performed simulations
with monocromatic high
energy gamma rays
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Material

Nal:Tl
Csl:TI
LaBrs:Ce
Srl,:Eu
CeBr;
GYGAG
CLYC:Ce

Light Yield
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T T
2000 3000 4000

Energy [keV]

Emission A ,ax

5000

New materials
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LaBr;:Ce Co-Doped are now available from St.Gobain — 17 keV at 661.7 keV




Conclusions and Perspective

Conclusions:

The response function of two large volume LaB;:Ce crystals + two PMTs+VD was measured
Within the error bars the crystals behave in an identical way
The two PMTs behave in a different way
* They are of the same model and from the same production run
Using simulations we have extracted the non linearity curve of the two PMTs
Simulations reproduce measured data

There are new and very interesting scintillators (i.e. CLYC, CLLB, CLLBC, Co-Doped,
LaBr;:Ce, ... ) with excellent performances

Perspectives

Is the NON-Linerity curve ‘universal’ ? Probably not. May be it is specific for that particular
model of PMT. We will perform other NON-Linearity measurements to verify this
Non linearity curves will be applied to measured spectra
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