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CnekTpoMeTpuYeCKHe XapaKTEPUCTHKM

CBETOBOU BBIXO]I DHEPreTUYECKOE pa3peIICHUE
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J.Q. Grim (USA)
From interband photon density response to scintillation: adding tracks, gradients,
and high-energy electrons

R.T. Williams (USA)
Interband photon density response: light yield and nonlinearity without electron
tracks

F. Gao (USA)
Microscopic Mechanisms of Electron-Hole Generation and Their Spatial
Distribution in Inorganic Scintillators

M. Moszynski (Poland)
Absolute light output of scintillators
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G.Bizarri (USA)
Physics of bright halide scintillators

A.N. Vasil’ev (Russia)

Recombination and capture of carriers in 1onizing particle tracks with complex
structure
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P.Erhart (Sweden), D.Aberg (USA)
Carrier self-trapping in Nal and Srl, from first principles calculations

S. Kerisit (USA)
Mechanisms of scintillator radiation response: Insights from Monte Carlo
simulations

K.B. Ucer (USA)
Picosecond time-resolved studies of scintillation materials and processes

A.Vedda (Italy)
Center-trap aggregations in oxide scintillators

L 1
—=—3S8G
E ¢ ¢

S — sdpdexTuBHOCTD MEpeHOCa SHEPrUH



PeI‘I/ICTpaHI/I}I CJIOJKHBIX CIICKTPOB

Simulated in orbit spectra measured by a 6.5 cm x 6.5 cm
diameter Ge crystal and an 8 cm diameter LaBr detector
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Improvement of y-ray energy resolution of LaBr;:Ce®* scintillation
detectors by Sr** and Ca** co-doping

M. S. Alekhin," J. T. M. de Haas," I. V. Khodyuk," K. W. Kramer,” P. R. Menge,®

V. Ouspenski.* and P. Dorenbos’ 120
< 110
LaBr;: Ce, Sr (0.02 % Sr) =
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FIG. 4. Pulse height spectrum of a 70y source measured with a S co-
doped LaBrs:5%Ce crystal and a Hamamatsu R6231-100 super bialkali
PMT. The inset shows the 1030 keV region on a reduced vertical scale.
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Relative Light Yield
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DOyHIaMEHTAIbHBIE OTPAHUYECHUA 3HEPIETUYECKOTO

Compton Auger Electrons,
Electron Fluorescent
i X-Rays
Incident
Compton
Gamma Photon

Ray

pa3pelicHus

How Does Non-Proportionality
Degrade Energy Resolution?

Scintillator Crystal

K L M Valence

Compton
Photon

Compton
Electron

Electron

Knock-On

Multiple Energy Deposits Combined With

Different Efficiency for Each Deposit

W. Moses, SCINT-11
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Kax omeHHTHh BKIa1 cocTaBasomen K, ?
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Nal:Tl Crystal 2 inch dia. 2 inch height

661.6 keV y-rays, “'Cs
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DyHIaMEHTAJTbHBIC OTPpaHNYeHusa R

High energy resolution scintillators
0 0 0

LaBr;:Ce N, = 22000 phe/MeV® Srl,:Eu N j = 32000 phe/MeV®
Ultimate energy resolution

BGO LSO:Ce LUAG:Pr SrI;,_:Eu

bbbt

6

é.ﬁ.ﬂm- -
YAPCe NJ
Csl:Tl LaBr,Ce HPGe

(1) L.V. 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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Figure from G. Bizarri, et al., Presentation 18-2 at SCINTO09, Jeju Island, Korea
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Kudin, A M., Borodenko Yu.A., Grinyov B.V., et al. //
Instr. & Exp. Technique. — 2010. vol. 53, p. 39-44.
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Moszynski M., et al. [EEE TNS. 2003.
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Competing Processes for e/h Recombination|

One Voxel

Electron lonization Track l

* 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 15




Both Electrons & Holes Diffuse|

“hole << “electron “hole ~ ”electmn

Electron
Path |

Hole Distribution Electron Distribution

* Ratio of Diameters « Ratio of Mobilities
- Similar Diameters = High Recombination Probability
* Mhote = Heiectron @ Proportional Scintillator

W. Moses, SCINT-11
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OceBoe pacnpe/je/ieHHe BO30Y/K/AeHUIH B TpeKe 0-4acTHIIbI
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CxemaTnyeckoe fragment of the 1 MeV electron track
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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.

-5 5 s * S sssail

— - 3 nm
100 nm ..

\SCINT 1 Bcuamen, SCINT.I X




Relative Light Output

DKCIIEPUMEHTAJIbHBIE METOIbI U3y4YeHUS nPR

SLYNCI — Scintillator Light Yield Non-proportionality Compton Instrument
K-deep spectroscopy
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Metoabl nusyuenuss nPR n R

How Is Electron Response Measured?'
““CS — :

HPGe
({Detectcr 2)

Colimators

Coincidence
Electronics

*« 662 keV Gamma Compton Scatters in Scintillator
« Energy of Scattered Gamma Measured in HPGe
* Plot Light Output vs. Electron Energy (E —Epc.)

Figure from J.D. Valentine, et al., Nucl. Instr. Meth. A-486, pp. 452, 2002
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Second Generation Apparatus: SLYNCI

cintillator Light Yield Nonproportionality
Characterization Instrument)

Collimated 1 mCi Source

See Poster PMo06
(W.-S. Choong)

Scintillator on
Hybrid Photodiode

£

30% HPGe Detector,

e
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Measures Electron Response in <1 Day
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Fig. 1. Schematic view of the experimental setup.
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DyHIAMEHTAJbHbIC OTPAHUYCHUS R

SIMPLIFIED CASCADE SEQUENCES FOR SODIUM IODIDE
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AHTHOPATTOBCKUM ITMK B MECTE POXKJICHUS

Auger Electrons,
Fluorescent
XRays
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Electron
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Photon
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AHTUGperroBcKMin NMK B TOUYKe poXAaeHnsa Kackaga u oTo3nekTpoHa

Density of

excitations vs

elelgy without
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figure: I. Khodyuk, P. Dorenbos IEEE TNS, 2012
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DOTOHHBIN U 3NEKTPOHHLIM OTKNMK KpucTannos Nal:Tl
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/ ox pen. b.B. I'punesa. — XapwkoB: "Uuctutryt Mmonokpuctamios". — 2007. — C. 320-354
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doToxnMmnyeckas Mmoamdukaumsa nosepxHoctn kpuctasnos Nal: Tl

MepTBblii cj10i

O’—‘%\
115 7 Y,
2 o

o]

)

:'.‘::’I
1054 5,

]
)
)

é

YaenbHbIiA BbIXOA, OTH. e,
=

1.00 ~
2
0.95 -+

3 10 100
OHeprug, kaB

nPR B 00;1acTH HU3KUX IHEPIrUH JJIA
kpucrasuia Nal:Tl

AMIUIMTYIHbIE crieKTpbI KpucTasia Nal: Tl
3epKajbHbIi ckoJ (1),
THAPATHPOBAHHBIN CKoJI (2),

Ha caeaywommii neHb nocie PXO (3).

Kynun K. A., lkoponarenko A.B., Bonomko A.1O., u ap. //

Biausinne ®@XO Ha cBeTOBOM BBIXO0/I M YIHEPIreTH-
yeckoe paspemienue kpucrauios Nal: Tl

Yenosus u3MepeHuit | [, kaHaJbl R, %
CBexuil CKOM 662 40.5
['maparupoBaH. CKOJ 502 50.2
PXM, gepes yac 645 38.6
PXM, uepes 1eHb 702 37.9

. ®Fe; 5.9 keV

Counts

1

Duszuueckas undxicenepus nogepxrnocmu. 9 (2011) 256-261

T T T T T T
400 600 800

Channels

——
1000 1200

31



Dependence of L/E on E for internal and
external sources
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B KayecTBe BbIBOAA: UCCNeaoBaHNE BIMSHUS COCTOSIHUS MOBEPXHOCTU Ha
HenponopLMOHanbHOCTb BbixoAa (0CO6eHHO B 06/1aCTV HU3KUX SHEPTUH,
0ocobeHHO Bo3ne K- n L-kpast) npnobpeTaeT BaKHeNLIEeE 3HaYEHME.



