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Jlydiiuve 3Ha4eHUA SJHEPIETUYECKOTO pa3peIICHUs
LaBr;:Ce R =3.0 % ans ’Cs (E = 662 x3B)

LaBr;:Ce
3"’ x 3.l'.l’

Scintillation Material

345 c¢cm?3 volume



OyHIaMEHTAIbHBIE OTPAHUYECHUS YHEPTETUUECKOTO
pa3penieHus

How Does Non-Proportionality
Degrade Energy Resolution?
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Kak ouennts BKaaja cocTaBisitomeii Ry ?

Teopusn IIpakTuka
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DyHIaMEHTAJIbHbIC OTPAHUYCHUA R

High energy resolution scintillators
0 0 O

LaBr;:Ce N ;.= 22000 phe/MeV® Srl,:Eu N, = 32000 phe/MeV®

J.

Ultimate energy resolution
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(1) LV. Khodyuk et al. J.Phys.: Condens. Matter 22 (2010) 485402.
(2) MLS, Alekhin et al. IEEE Trans. Nucl. Csi. 58 (5) (2011) to be published.
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Comeeting_Processes for e/h Recombination |]

One Voxel

Electron lonization Track 1

* Non-Radiative Trapping
* Exciton Formation

* Electron / Hole / Exciton Interactions
 Luminescence

*Many Ways for e/h Pairs in a Voxel to Recombine
*Not All Recombinations Produce Light

W. Moses, SCINT-11 11




Both Electrons & Holes Diffuse|

”hnle << pelectron “hole = pelectmn

Electron
Path 1

Hole Distribution Electron Distribution

* Ratio of Diameters « Ratio of Mobilities
* Similar Diameters = High Recombination Probability
* Mhote ® Meiectron = Proportional Scintillator

W. Moses, SCINT-11 12



OceBoe pacnpeaejeHue BO30YyKIeHUH B TPEKe (-4ACTUIIbI

Jlanuoesckuu u Agepxues, 1984 g A
5 C .n'r’J T //_
e h °
CSI + n(rx10%, a” ;’ 5 ¥ CSI.T]
e, .-"I Jl_ K
\% e | 3[5!] | 1[;[} 1 1L“IIEI | 36Dn | ;'a
R - S Tl

|!| h 1{]-13__13.'.5 c .Illl_( :il '\_'l' -

44 3 ”'i h
[o] Y aiesm
2T /1 A=

= I [ I I f_,'_----.i-—"fil_hk 1 I I -
' 300 100 4 100 300, rna

— T I » o Tl
0 100 300 ra 10°-10"¢ Al x\/,fr
= : f <1 -
I'I.,_/-/-/ E ] 1 1 ‘fﬁsl———l-—-"#l “.‘h 1 1 I 1
- 300 100 100 300_, r, a
I'lI o \ Tl
3

— ~107¢ \
Jaa i
el i i ,’Ilz

- : L
300 100 0 100 300 ra el e TS T
i 300 100 4 100 300 ra
™ 1L
4+ ~10%¢ ’ .
~ ID-'." e 2l \(f:,f Tl
L ] i al
2__ E""U_ ) -r"acil-luhrh"“r-— —“1/1§\FT 6HH:= A
————— 3 100 & 100 300 r,a
] o 10°-10° oy e BT e
_|_|___.:F:TF = = | i - S | _.Lf______
300 100 0 100 300 ra T A

300 100 100 300 ra 13



CxemaTtnyeckoe
npeacraBneHue
CTPYKTYpbl TpeKa
3NIeKTPOHA U a-4acTuubl
B KOHOEHCUPOBAHHOM

cpeape
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Track spatial and temporal structure

The sizes of the excited clusters of excitations just after initial recombination and
thermalization of electrons and holes (ps time domain) depend on the
thermalization length, which is determined by electron-phonon interaction. For ionic

crystals it can be estimated to be about 2-4 nm, for piezoelectric crystals it can be
even shorter, and for covalent crystals longer.

Initial electron track structure in Nal is defined by isolated and overlapped clusters
of excitations with initial size of about 3 nm. Distances between clusters are about
1 to 100 nm. The shown track is straitened along the path of the primary electron.
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Relative Light Output

DKCIIEPUMEHTAIBLHBIE METOABI U3ydeHUsI nPR

SLYNCI — Scintillator Light Yield Non-proportionality Compton Instrument
K-deep spectroscopy
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doToxnuMmnyeckas moamndukaumsa nosepxHoctn kpucransios Nal: Tl

Biausinue PXO Ha cBeTOBOI BbIXO/ M JHEPreTH-

MepTBLIH Cl10H yeckoe paspemienue kpucrauaiaos Nal: Tl

100 SO Ycnosus usMepeHuit | [ xaHaJIBI R, %
= 0,96 4 - T
; CBEXHI CKOJI 662 40.5
;f 0,92
= ['mapaTrpoBaH. CKOJI 502 50.2
i 0,88 -
: PXM, uepes3 uac 645 38.6
> 084~ /1

PXM, uepe3 neHp
0,80 — 77— 1T T , p 8 702 37.9
0 10 20 30 40 50 60
OHeprus KBaHToB, k3B *Fe: 5.9 keV

nPR B 00/1aCTH HU3KUX IHEPTUHA IS
kpucrawiaa Nal:Tl

Counts

AMIUIMTYAHBbIE cieKTPbI KpucTawia Nal: Tl
3epKajbHbIil ckoJ (1),

THAPATHPOBAHHBIH CKOJI (2),

Ha cjenyomuii Aews nociae PXO (3).

T T T T T T T T T T T T 1
0 200 400 600 800 1000 1200
Channels 18
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N3BectHO, utO (L/E)S5 g HE MeHbLIE (L/E), , eciin Cp; > 0.1%
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AHTHOPAITOBCKUI MUK B MECTE POXKICHUS
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AHTNOpPErroBCKUM NUK B TOYKE POXAEHUA Kackaaa n poToaneKkTpoHa

Density of Boane L-kpas Nal

excitations vs

energy without 0,871 kaB
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TosbKO Kackas
(Oxke-371eKTpOoH
+ X-KBaHTHI)
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Figure from: 1. Khodyuk and P. Dorenbos, IEEE TNS, 2012
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DOTOHHbIN N 3NEKTPOHHbLIM OTKIMK KpucTannos Nal:Tl
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Dependence of L/E on E for internal and
external sources
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