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Co-doped LaBr;:Ce

Ca and Sr co-doped LaBr;:Ce

@ Better light output and energy resolution?!3
@ Better proportionality!3
@® Mechanical properties not affected*

® Additional longer decay component!2

Samples for this research

Sample Dopant Size Relative AE/E
L.O. @ 662keV

5% Ce 21” X 1” 100% 3.4%

B 5% Ce+05%Ca 21"X1” 137% 2.9%

C 5% Ce +05% Sr 21" X 1" 129% 2.8%

Ruggedized hermetic package
sapphire window
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Radiation Background in LaBr;:Ce
o —
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L.P. Ekstrom and R.B. Firestone, WWW Table of Radioactive Isotopes, database version 2/28/99 ,

http://ie.lbl.gov/toi/index.htm
Gamma-ray spectrum catalogue, Ge and Si Detector Spectra 4t" Edition, Idaho National Engineering &

Environmental Laboratory, 1999
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Radiation Background in LaBr;:Ce
e

Doping G.E.E. (a)
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B.D. Milbrath, R.C. Runkle, T.W. Hossbach, W.R. Kaye, E.A. Lepel,B.S. McDonald, L.E. Smith, NIM-A 547 (2005) 504-510
F.G.A. Quarati et. al, Nuclear InstrumentsandMethodsinPhysicsResearchA683(2012)46-52
“BriLanCe Performance Summary” , Saint-Gobain Crystals, http://www.crystals.saint-gobain.com
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Radiation Background in Co-doped LaBr;:Ce
.

Doping G.E.E. (a)

| _ | : : : _ : Ce+Ca 2.3-3.6MeV
: Ce 1.7 - 2.7 MeV.

Intensity (a.u.)
S

LaBr;: Ce : :
1 1 ]
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Radiation Background in Co-doped LaBr;:Ce
D

. _ Doping G.E.E. (a)

O Ce+Sr  2.5-3.8MeV
: ' : Ce+Ca 2.3-3.6 MeV
Ce 1.7-2.7 MeV

LaBré: Ce, Sr

4 LaBr_,;:Ce, Cag

Intensity (a.u.)
S

LaBr_,j:Ce : : : i il b
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Gamma Equivalent Energy (MeV)

10

Gamma Equivalent Energy of a increases significantly.
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Pulse Shape Discrimination
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PSD Ratio

Counts

Pulse Shape Discrimination
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Significantly enhanced PSD
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Pulse Shape Discrimination
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Change in Pulse Shapes

Averaged
PMT traces

Normalized Intensity
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Percentage of light

in secondagyidecay components Alpha pulses have less secondary

Ce Ce+Ca Ce+Sr decay components than gamma

a 1.2%  6.3% 9.5% | pulses.
Y 2.1% 12.7% 15.1% B Basis for enhanced PSD
70 /70 A%
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Possible Explanation
.

Increased o GEE

® Compared to gamma and beta, charged
particles produce more low energy
charge carriers with higher excitation
density (dE/dx).

T T —TTTT
L '.-.m
. @ 0o

ideal response

e [+ s 1T -

® Both Ca and Sr co-doping increase the iy l ' 51 codopes T
. . - d . a8 CO-0ope |
relative light yield of LaBr;:Ce for low .l
energy electrons
55 L1 L oo bl L 1 Lol L PR R SR A
. . . . K 0.1 D 10 100
® Higher light yield for charged particles K-shell photoelectron energy (keV)
— M. S. Alekhin, J. T. M. de Haas, I. V. Khodyuk, K. W. Kramer, P.R.
. En ha nced a_v PSD Menge, V. Ouspenski, and P. Dorenbos, Applied Physics Letters,

102, 161915 (2013)

R.T. Williams, J.Q. Grim, Q. Li, K.B.Ucer and W.W. Moses, Phys.

. . . . 1
® Higher light yield: PSD Resolution x JN  Status Solidi B 248, No. 2, 426-438 (2011)

® New information: Ca and Sr co-doping may change the branching ratio
for different quenching routes in LaBr;:Ce. The excitation-density-
sensitive exciton-exciton annihilation (bi-molecular decay) could be
enhanced.
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Alpha Background Suppression

Natural background
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°LiF-LaBr;(Ce, Sr) Neutron Detector
e

- LaBryiCe, Sr (01" x 1) n +°Li - t (2.75 MeV) + a (2.05 MeV)

/ VZ Enriched SLiF (2 mm) _ . .
- @ LaBr, surrounded with 6LiF as a neutron
L g conversion layer and light reflector

Range of ain LiF = 6.6 um;

k. Range of tin LiF = 28.1 um

Thickness of LiF layer is not optimized.

Proof-of-Concept Detector
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S

5LiF surrounded 1

- LaBr;: Ce, Sr AE/E = 2.79%
e @ 662keV
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Neutron Test Setup
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No change in gamma response
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Neutron Response
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n-y PSD FOM = 1.22 (rejection ratio ~ 107)
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Summary and Outlook
D,

Both Ca and Sr co-doped LaBr;:Ce shows significantly
increased GEE for charged particles and enhanced a-y PSD.

a background in co-doped LaBr;:Ce can now be completely
eliminated by PSD (FOM > 1.5).

With a °LiF conversion layer, Sr co-doped LaBr,:Ce can be
used as a high-performance detector for both neutron and
gamma.

Thickness of °LiF and geometry of LaBr;:Ce will be further
optimized to improve detection efficiency and reduce energy
straggling.

Thank you for your attention.
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