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Application of Elman neural network in neutron spectrum decomposition
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Abstract; Artificial neural networks have been widely used in nonlinear analysis in various fields due to
their excellent self-regulation and learning ability. Low background liquid scintillator neutron detector in
China Jinping underground laboratory (CJPL) have been recording neutron background data. The ener-
gy spectrum of detector output is actually the nuclear recoil energy spectrum, which can be in one-to-one
correspondence with the input spectrum, and changes as the parameters of the input change. Therefore,
the detector output signal can be input into the trained neural network to determine the emission spec-
trum of the external radiation source. The neural network used in this paper is the Elman neural net-
work, and the data used in the training neural network is simulated by Geant4. The nuclear recoil ener-
gy spectrum obtained from the experiment is input into the trained neural network for decomposition.
Finally, the Elman network has a spectral error of 0.1% ~11.8% for the Am-Be neutron source and
0.1%~8.9% for the ¥*Cf neutron source.
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Fig. 1 The structure diagram of Elman neural network
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Fig. 2 Schematic diagram of CJPL neutron detector

lER E RSP i Rl R e NN Rl
UNSRAEAS P A RHIE A B R U B I A A B A
REILSC S b 5~ BE TG, DUPAH Y T84 21 B X7
P TR M 2] SRR H 2 ) 2% 0
FEFTT. A SO TR b (B 2) AR B
TR A R R A K . Bl A B L R Y T AR
R U, AT ORI A EIE 1 E A k.

Matlab H A4 22 R0 26 T HL A9 ] DU R 800
PEATTRAAL TR, AT G BT L 28 19 2% 1) K
HEREABE A AL B R TR, O Hoa i &5 1 n] LA
B R EE IR T B AT R AR VB Y IE
ik, AR IR InIA 3.

| | |

Geanta i ERER AR
LN

u

gk

e 8\ [EERBHERAEELE
‘ S RAHERLE H (BRFF RSN

EMM P FIRREEEIE

FELIAE

B 3 %R IR AR
Fig. 3 The process of training, unfolding and verification
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Fig. 4 Comparison of the nuclear recoil spectrum obtained
by Geant4 simulation and experiment when the
22 Cf neutron source is used as input
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Fig. 5 The inverse solution of Am-Be neutron source by
Elman neural network
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