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Accidental alpha-event correction in the measurement of environmental neutrons
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Abstract; In the dark matter direct detection experiment, neutrons are important environmental back-
ground. In the China Jinping Underground Laboratory (CJPL),the world’s deepest underground labora-
tory,a gadolinium doped liquid scintillator (Gd-L.S) detector was used to measure the fluxes and spectra
of fast neutron background in the Hall and in a room with one meter thick polyethylene (PE) walls by
fast-slow time coincident method. Liquid scintillators are incapable to discriminate neutrons and alpha-
particles by their pulse shapes. Thus, the alpha-particle background from the long-lived U/Th nuclides
inside the liquid scintillator has to be taken into account. Assuming secular equilibrium, the total rate of
the alpha-decays in the detector was measured to be (0. 54840, 002) s ', Then in the Hall, the number
of random coincident alpha-events was determined to be 6 out of 2682 neutron candidates based on 356

days of data. And for the PE room, this value is 2 out of 44 neutron candidates with 173 days of data. The
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influence of the random coincident alpha-particles are negligible for the result of fast neutron flux in the

Hall, but have around 4% for the measurement in the PE room.

Keywords: Radioactive nuclear decay; Random coincidence; Liquid scintillator; Alpha-particle; Fast

neutron; Underground laboratory
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Fig. 1 The structure of the Gd-LS detector
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Fig. 2 Time coincidence of fast and slow signals
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Tab.1 The selected fast neutron candidates and raw neu-

tron flux at CJPL

CJPL Hall CJPL PE room

# of selected

. 2682+61 44+7
neutron candidates
Live time (day) 356. 28 173. 55
Total surface of 5184 5184

the detector (ecm?)

(1.51£0.03) X
1077

(5.140.9) X
1079

Raw neutron flux

(em 2 +s5 1)
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Tab. 2 The intrinsic U/Th contaminations in the

Gd-LS type EJ-335 (the mass of the Gd-LS is 25. 2 kg)

Measured activity

(mBq)

Decay sequence

Contaminations of long-lived Contaminations

parents (g/g) of series (g/g)

37 212 )

22 £ >

—_— me 212Pg, 3, 6240. 09
214

. X 97 2 a 210
2MBj—> Po—> Pb

37 215

29Rp > Po

21Po. 45, 26+0. 22

o 21

LM, 215Pg, 21,7040, 20

2T Ac: (3.22£0.03) X 1071

228Th; (7.40=£0.21) X 102! 232Th, (5.5440.15) X 1011

226Ra; (4.92%0.02) X 10~V 28U, (1.45%0.01) X 10710

25U, (1.07£0.01) x 1071
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Tab. 3 The activity of alpha decays of all nuclides for the U/Th decay chains in the Gd-LS

Th-232 decay chain

Decay chain [ (3.6240.09) mBq ]

[ (45.26%40.22) mBq ]

U-238 decay chain U-235 decay chain

[ (21.7040. 20) mBq |

22Th. 1.56 2387, 1.00 250U, 1. 00
228Th. 1.56 31U, 1.00 %1Pa; 1.00
22!Ra; 1.56 20Th; 1. 00 227 Ac: 0.0138
Nuclide: activity of alpha decay 220Rn; 1.56 226Ra: 1.00 21Th; 0. 9862
26Po; 1. 56 ?22Rn: 1. 00 ?23Ra: 1. 00
212Bi; 0. 56 28Po; 1. 00 29Rn; 1. 00
22Po; 1.00 211Po. 1.00 25Po; 1. 00
— 20Po; 1. 00 21Bi; 1.00

Total rate of alpha decays (0.03440.001) s !

(0. 362£0.002) s ! (0.152+0. 001) s !
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Horp Ch—A-E 5 % U T 5250 = PR 58 -
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Ny =Ry XRatio XT (3)

CJPL KJTH1 PE % IR 1T & alpha i 4
Ji§ (background, bg. ) 715 25 KN & 4 FrR. 7240
PRI SRAT 5 1Y alpha ki A8 E 2 )5, 15 2] CJPL
KITHI PE % 1~10 MeV B & X 8] 1 e v 73
A3k (1.5140.03) X 1077 em s 'l (4. 9+
0.9) X 107? em % » s ', 45583 T35 4 .

Rbg = ><R101al ( 1 )

x4 CIPLIAEHRFUNERHBARE alpha BIF AR
Tab. 4 The alpha background estimation for environmen-

tal neutron measurement at CJPL

CJPL Hall CJPL PE room

Rate of alpha

0. 5484-0. 002 0. 548=+0. 002

R,(s™1H
Rate of gamma -
s . 45+0. . 63+0.
R, (103 s~1)® 12. 45+0. 02 6. 63+0. 02
Total rate of the
detector R (s~ 1) 27.90 8.84
Lively time T (day) 356. 28 173. 55
# of random coincident B
, 5. 88=+0. 03 . 52+0.
alpha (Niy)® 5. 88+£0. 03 1.5240.01
# of raw neutron 268261 1447
candidates
# of alphabe. 267661 4347
subtracted neutrons
Final fast neutron (1.51£0.03) X (4.94+0. 9 X
flux (em 2 s 1) 1077 1077

DE,>3 MeV; @ 2 ps<<Ar<<30 ps
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Bra Fl oo G 5 A48 1) S B0 BR84S A 1
KR % AR ETA R alpha AR E,
A 3 I g% N AL Y alpha 3R T ECR N
(0. 54840.002) s~ # 1 IH5HE T 78 CJPL bz
TS, alpha FF 5K T 3 MeV fY gam-
ma 555 7£ 2~ 30 ps B[] 0] Bg 9 18 28 155 & 1 3
fi1%5.
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