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Table 1.  Energy of spectrum line from inelastic v and capture 7 about H, C, N, O, etc.

FHIEY 14 RE R /MeV

JLE A
H LEBIIREIN 2.2233
C AR BT 4.433
N FRAT AR R O 1.8848, 5.2692, 5.5534, 6.3224, 7.2991, 10.8290, 2.3128, 4.4444, 5.1059, 7.0280
0 e[ 2.7419, 3.6841, 6.1310, 6.9170, 7.1190
F JEB PR 0.1090, 0.1971, 1.2358, 1.3480, 1.3565
P AR ARAR SR 2.1542, 3.5228, 3.9003, 4.6713, 6.7853, 1.2661, 2.2334
S LRI 0.8411, 2.3797, 2.9311, 3.2208, 4.4308, 4.8698, 5.4205,
cl LRI 0.5167, 0.7884, 1.1647, 1.9509, 1.9591, 2.8639, 5.7153, 6.1109, 6.6195, 7.4138
As FRAT AR R O 6.2941, 6.8094, 7.0192, 0.2646, 0.2795, 0.5725
Al RS AR A 0.9840, 2.9598, 4.1329, 4.2522, 7.7239, 0.8438, 1.0144, 2.2118
- R S 0.3522, 1.7251, 512208?;, 61%8852 71%3135 72614i523 8;;36;% 9.2980, 0.8468,

F 2 FUMESEZY (TNT) FIRELbfb 2= ias v i & 7
RIEE A

Table 2.  Weight percentage of elements in some
spirited detonators (TNT) and chemical weapons.

JLE  TNT VH/GB iﬁi?/gx %;gs“ %%%
AH) 22 7.1 9.7 5.0 1.0
W(C) 37.0 34.3 49.4 30.2 11.4
A(N) 185 5.2

A(0) 423 22.9 12.0

H(F) 13.6

Bi(P) 22.1 11.6

Bi(S) 12.0 20.1

(@) 44.7 51.3
fifi(As) 36.1

2.1 3ESE~y F{EIR Y FHETMETTE

X T A (R A, o A Sk R, e
AR THEOR DI AR  SYEFIFER v P4k, K1 45

SR YA I BRECLE (C/O) RETREIIT (Y
el iDRil g R N 7 QUL AW e L RN i 4
0—10 ps kb 1A SIS 1] EIRE, 10—20 ps AA
JEE T THH R AT B, 2090 ps S B A7 4K 1 Ask [7] i) B
WIEIXFIZ R IC R, nl LI 2] Ry T8 =k
SRR THRC AR TR (AR y T =R 12 3]
TR 3N ] 1300 e R R AR 5 A 25 I A R
I R RS,

XF LA 125 AN [R) B TR] 1] 7R P00 g ik oo ey 86
WAL B Ny(E, ) AL 6(¢) Wkih I & G
) Ey = 14.1 MeV JiUm 5 PRI 4% Hh i 21 i
Y BETE TN R RS -l FHnis Jr R i ek
PR, X FAL R R A S(¢) BT, SR
HRIE A y BE G 1] e Ry

N@lﬂ:/dﬂﬂNMEt—ﬂ&Q (1)

Hp EFRIRAER, BN MeV; t B[], B us.

112801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 11 (2020) 112801
ik 27
THEE 01210 gwmmies e o
o R R ﬂﬁ¢?ﬁA%w 7 5 145 by SR frg e ]
0 020 % 100 us S, 8 (5) N Ny(E, t) 5rffh 4 T, B
EXRIESSIIEEERTTI [ b |

NN

Joicihr Jik ARG

"

(R

1 BRI 75 R AR SR MO y 5 1 3Ry s i 2
Lt
Fig. 1. The timing diagram of neutron induced inelastic ¥

and capture 7 in C/O well-logging.
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Fig. 2. Sketch of luggage model.
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Fig. 3. Comparison of calculated result about energy spectra of secondary V: (a) JMCT primary line 7; (b) JMCT Compton 7;

(¢) JMCT total 7; (d) MCNP total 7.
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Table 3. Comparison of calculated results about
secondary ¥ between JMCT and MCNP.

- N Jv B

tF SF
JMCT 4.92519-7 0 4.34947-8 5.36014-7 0.4406
MCNP & g Jo 5.38386-7 FRifiEfiE

H: W2E = [AH(IMCT) - Jo(MCNP)]/ Jo(MCNP).

#4 H,C,N, OBk v i

Table 4. Count and percentage of prompt 7 from
H, C, N and O.
JLHR T WE/ % FiHRE/%
H 3.02643 x 10 M 0 0.56
C 1.77077 x 107 36 0.49
N 1.11146 x 107 23 0.12
(0] 2.03254 x 107 41 0.18
F: W2 = [H(IMCT) - Jo(MCNP)]/ JH(MCNP).
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Abstract

Monte Carlo method is an ideal way to simulate criticality, shielding and nuclear detection. JMCT is a
multipurpose 3D Mont Carlo (MC) neutron-photon-electron and coupled neutron /photon /electron transport
code which is developed by TAPCM. The program is developed based on the combinatorial geometry parallel
infrastructure JCOGIN and has the most functions of general Monte Carlo particle transport code, including
the various variance reduction techniques. In addition, some new algorithms, such as Doppler broadening on-
the-fly (OTF), uniform tally density (UTD), consistent adjoint driven importance sampling (CADIS), fast
criticality search of boron concentration (FCSBC), the domain decomposition (DD), the two-level parallel
computation of MPI and OpenMP, etc. have been developed, where the number of geometry zones, materials,
tallies, depletion zones, memories and period of random number are big enough to simulate various extremely
complicated problems. Also the JMCT is hybrid the discrete ordinate SN program JSNT to generate source
biasing factors and weight window parameters for deep-penetration shielding problems. The input is based on
the CAD modeling, and the result is a visualized output. The JMCT can provide technology support for
radiation shielding design, reactor physics and criticality safe analysis. Especially, the JMCT is coupled
depletion and thermal-hydraulic code for simulating the reactor feedback effect, including depletion, thermal
feedback. In recent years, new function of 7-ray spectrum analysis has been developed.

In this paper, the working principles of timing measure are introduced. The advanced calibration count is
developed for distinguishing between inelastic 7-ray and capture 7V-ray based on time bin tally. On the other
hand, when neutron collides with nuclide, the secondary photon is labeled into the primary line photon and
primary continuous photon, where energy of primary line photon does not change with the incident neutron
energy, such as carbon spectral-line at 4.43 MeV and oxygen spectral-line at 6.13 MeV. The element
components of detected object can be determined by the primary line photon. On the other hand, expect value
estimator (EVE) is used to produce the secondary photons. The advantage of EVE does not leak any event
even with a small probability which is important for detecting the hide exploder. However the shortage of the
EVE results in producing a great number of photons with small weight. If all of these small weight photons are
simulated one by one, a great amount of computation time and memory will be consumed. For avoiding this
case, a new algorithm is design by coupling EVE and DE (direct estimator). The all of secondary photons from
EVE only make the direct tally take a little computing time, then end the photon history and return to the DE
production photon model (one photon production at most). Final, the total tally is a summation of EVE direct
tally and DE scattering tally. The use of new algorithm to realize the analysis of 7-ray spectrum will increase
only a little computing time. The numerical tests are done by using own Monte Carlo code JMCT. The
correctness and validity of the algorithm are shown preliminarily.

Keywords: Monte Carlo method, nuclear detection, inelastic Y-ray, capture Y-ray, expect value estimator
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