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A Survey on Neutron Applications and Neutron Detector Development

Takeshi FUJTWARA

Abstract

The use and demands for neutrons are expanding rapidly in many fields such as science, industry, medical
application and homeland security. Especially recent development of accelerator driven neutron source opened
a new field of time of flight (TOF) neutron measurement. Nowadays, TOF neutron measurement is recognized
as one of the important probes for material science. At the same time, neutron detector plays an important role
for this new probe. There are three fundamental requirements for neutron detectors in neutron science and in-
dustrial applications: 1) high neutron detection efficiency, 2) low intrinsic gamma ray sensitivity of the detector
and 3) high spatial and timing resolution. In addition, detectors may need to meet specific requirements of the
application area including 1) cost; 2) radiation hardness; 3) long term stability; 4) low or zero maintenance.

In spite of increasing demand for the use of neutron and remarkable progress in neutron source develop-
ment, serious shortage of *He gas (which was the mainly used material for neutron detection) caused a crisis
of neutron measurement. Several “He alternative detectors are currently available as near-term replacement
for *He detectors that could potentially meet the above requirements. These include Boron trifluoride (BF,)
filled proportional counters, B lined gas counters, °Li loaded scintillators, and other newly developed tech-
nologies. The capabilities of these alternatives are reviewed with respect to the neutron scatter and neutron im-
aging experiments. Performance is compared to the *He detector with potential capability improvements that

each alternative detector could offer.
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T
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B+t HUNS B[N Cee W + Pb 35 MeV 102 1kW
B#  KURRI-LINAC 5K HT Ta 35 MeV 103 10 kW
B+t RANS BRAJF (R Be 7 MeV 102 0.7 kW
Bt KUANS JIUN (CER Be 3.5 MeV 10" 0.35kW
Y NUANS EN K5+ Li 2.8 MeV - 40 kW
£ 4 NRNEE OV APYETIR (ES L)
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B+t PKUNIFTY [N FE ENVER Be 2 MeV 102 1 kW
BE+  n-TOF CERN AA A [ Pb 20 GeV 107 1.25kW
Bf#F  GELINA IRMM ¥ —  EFET U 150 MeV 108 7.5kW
B# ORELA ORNL KE ET Ta 180 MeV 10" 60 kW
B+ Gaerttner-Linac  RPI KE 7 Ta 60 MeV 1013 20 kW
FHEiF IREN JINR oy7 BT W/Pu 200 MeV 102 10 kW
B PNF KAERI  #[E BT Ta 100 MeV 102 1 kW
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T =7 IZ L) REOFIMTREL A NVF %%
L7z, BEBNOBEMOPL L, FEEITHRETF A
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1 He HBIRHIE TG L 2T 2 3 L ¥ — 2
Ny RV, EEETH Y e BT % DI
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x5 PHEFHREICHENTE BI0HK & T ORHH

KT AN B - W T R %
3He n +3He — *H + 'p + 0.764 MeV 5330 barns ik, A
— .
b RACILAE L7
YU FL—F  REERE
SLi n + SLi — ‘He + *H + 4.78 MeV 940 barns 7%, MCP%
RARFEWL 1 15%
+10B —, "Lj + “He + 2.310 MeV + 0.48 MeV y (94 %) BE %, R m iR, v F
n — 1 € . € K [
B + 198 — TLi + “He + 2.792 MeV (6 % ! ’ 3840 barns V=, R
d .
" P V(%) KIRGIEH 1 19.9 %
AL A2 D 43 BiERS S5 IR 8
157Gd n+'9Gd — 8Gd + v + NHEHBRET 255,000 barns . "
4N n+ "N — p + C + 0.627 MeV 1.8 barns WrEREAS /N S U
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MWPC (Multi Wire Proportional Counter) % " A 1
W& O & S8R - 72 I BIETHE £ X — R & L7k
T, TR IR ECEBICEAINTW .
Brookhaven National Laboratory (BNL) Tix MWPC #{
O'He M BAHE SN THB Y, 2O HEEIX 0.4 mm
RER L TWAH MWPCIEZHoONMEEE T~
Ta yTRLABMLEND D, —FRMEICHREND o 728
BNL TIZZEEHOFHEOF L2 AN OBEL M
Jel7z. BNL Cld—Htk 2 ) LS &7 1T, Kb
SOEFEENEET A LT, HEMomiEr L
Tw 2" BNL THZ% & 472 MWPC it NIST 0 /i fik
GBLEESZICRH SN TCWwA. L2 L, MWPC & GEM
(Gas Electron Multiplier) %> MSGC (Micro Strip Gas
Counter) & HEZLT, 7/ —F- %V — FOMBEHIIA
W ORH RIS L. ZDZHT AL PE—LAD
FHU DSV 7 i VT RO ERRHE I T & v,

72, BNL TRFHIAOEMAE (ASIC) %2R
fr (F = roN—) PN L 72 B O S oo fr i & A
BHA D SN TS, 25 53T RVF—EFED
B, ZeMamiEd lmm T2 @R L cwa” L
L, ASIC # A 720607 7 b HADFEAET S 72
B'He 7 A% EALT 2 EEPBELEN 2 D, EiE
B X EDUENH D720, HWAT 2 N—EDED
FRESHMSNTBY, ERIIERENES.

HHEF
o2 Proton
\‘\ =ﬂ A\l
N (2 ol J,ﬂ M
% 05, o=,
\ % OaD OO
b 4 O RELL-BE
\
5208 BEOHD
L REBORBOBD

B2 °He MBI 5 kit (B, Y+
V) OREFRC2D, BBALEOHE)E
5.
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ILL Cix MSGC (Micro Strip Gas Counter) & F-(£#L
LA 7 anNy —yHAMEENERLS LTV
MSGC & Oed 12 & o THM SN, BWEHL = EahE,
A D ERTRETH Y. MSGC 134T A ki, #
MM THA I X D BEIERO Sy — =2 72 iEL, —>
—DDA M)y TIROBMOSILBIGHE L L TEMET
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LEMEWRETH B L v ) HTHhio~ 1 7 a8y —2 7
AtEHER E B L TERLTWA, L, A M) —<—
WEEOTHERMEIC L A BHROBEIHE STV
A, MHEEEHADOF X80 7 U AR E WD, B
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FEoTW4RW,

HUKTHIZE & N /zp-PIC 13 MSGC DR T % TeiR L 72
LY A TOA 208y — 2 AT, *He &
T O BUBIC & - TE L AR T OMRERZE 51§ 5
(Mo vdry) & THEMOMEER I L MR
TH AN WPIC I3MHE L, B F AETOLERE
HEEL WHRHZETH 575, *He LA GDLELA My E
YTHADH AEIE~3 bar EHEDA S v L T A
DAFAELY HEDIZL, Kb IZafte P F 2 OIR
e v7 X 74528 THEREROSILE R TV
L. THuy -7 Ty IVEROE 5 ILHEIE Time over
Threshold 53\ % Hv T\, [E5 MBI C LB 2 A -
[\l % KIS L TWwWb 2 E Qe LTEIFs N
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AN X BF 2 Y IN—NDH ADFRESAT B 720, —3E
W CHADANEZDPLEENI R D
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Lil 49,500 4.06 1.8x10% 470 1,400 0.9 Yes Yes -
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