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1. Monte Carlo simulation of fast neutron-induced fission of 2"Np
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Abstract: The potential-driving model is used to describe the driving potential distribution and to calculate the pre-
neutron emission mass distributions for different incident energies in the 2’ Np(n,f) reaction. The potential-driving
model is implemented in Geant4 and used to calculate the fission-fragment yield distributions, kinetic energy distri-
butions, fission neutron spectrum and the total nubar for the **’Np(n, f) reaction. Compared with the built-in G4Par-
aFissionModel, the calculated results from the potential-driving model are in better agreement with the experimental
data and evaluated data. Given the good agreement with the experimental data, the potential-driving model in Geant4
can describe well the neutron-induced fission of actinide nuclei, which is very important for the study of neutron
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transmutation physics and the design of a transmutation system.

Keywords: neutron-induced fission reaction, fission process, Monte Carlo simulation, potential-driving model, 2'“Np

PACS: 24.75 .+, 25.85.Ec. 21.60.Ka

DOI: 10.1088/1674-1137/43/6/064001

2. Study on secondary electron suppression in compact D-D neutron generator
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Abstract A compact D-D neutron generator, with a peak
neutron yield of D-D reactions up to 2.48 x 10* n/s is
being developed at Lanzhou University in China for
application in real-time neutron activation analysis. During
tests, the problem of back acceleration of secondary elec-
trons liberated from the neutron production target by deu-
terium ions bombardment was encountered. In this study,
an electric field method and a magnetic field method for
suppressing secondary electrons are designed and experi-
mentally investigated. The experimental resulis show that
the electric field method is superior to the magnetic field
method. Effective suppression of the secondary electrons
can be achieved via electrostatic suppression when the bias
voltage between the target and the extraction-accelerating
electrode is > 204 V. Furthermore, the secondary electron
emission coefficient for the mixed deuterium ion (D,*,
D,*, and D,*) impacting on molybdenum is estimated. In
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the deuterium energy range of 80-120 keV, the estimated
secondary electron emission coefficients are approximately
5-5.5 for the mixed deuterium ion glancing incidence of
45° and approximately 3.5-3.9 for the mixed deuterium ion

Keywords D-D neutron generator - Secondary electron
suppression - Secondary electron emission coefficient

1 Introduction

Compact neutron generators based on *H{d,n)*He (D-D)
and 3H[d,l'lj'l-lr: (D-T) fusion reactions are among the most
important neutron sources. With advantages over isotropic
neutron sources in the radiation safety and the neutron
output adjustability, they have important applications in
scientific research and neutron application technologies,
such as neutron imaging [1] and neutron activation analysis
[2-4]. A compact D-D neutron generator (CDDNG) with a
peak neutron output of up to 248 x 10° nfs is being
developed at Lanzhou University for real-time neutron
activation analysis [5].

The scheme of the CDDNG is shown in Fig. 1. The
outline of the CDDNG is a cylinder with a length of
984 mm and a diameter of 234 mm. The CDDNG consists
of an ion source, an extraction-accelerating electrode, a
target assembly, a high-voltage insulator assembly, a vac-
uum vessel, and a vacuum system. Deuterium ions are
produced from a duoplasmatron ion source. To simplify the
mode of power supply and ensure the safety and reliability
during operation, a negative high voltage is applied to the
target, and the ion source is kept at ground potential. The
gap between the extraction-accelerating electrode and the

4 Springer

3. Physical design and evaluation of a high-intensity accelerator-based D-D/D-T fusion neutron
source
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Abstract. A high-intensity accelerator-based D-D/D-T fusion neatron source (ZF-400) with a thick ad-
sorption target is designed with an intensity of 10'* n/s. A high-current microwave ion source is used to
produce a large current denteron beam, and neutrons are generated by irradiating the deuteron beam on
a deuterium-adsorption target or tritinm-adsorption target. According to the particle-in-cell (PIC) code,
the length of the whole high-current D beam transport line is 500 cm, the D beam transfer efficiency
is up to 96%, and varions components can match each other. On the rotating target, the D' beam spot
size is about 2000 mm with energy of 450keV. Based on the heat conduction theory, the thick adsorption
rotating target with water-cooling can withstand the D jons beam with 450 kV /50 mA and ensure that
the temperature is less than 200 °C. According to the multi-layer computing model, neutron energy spec-
tra, angular distributions and yields for the thick target can be calculated with remarkable precision. The
neutron energy spectra are non-mono-energetic neutrons for the ZF-400 neutron generator, the neuatron
angular distributions are anisotropic distributions, and they can provide neutrons with an intensity of

2.8 % 10" /s (D-D) and 1.4 x 10" n/s (D-T), respectively, with the deuteron of 450 keV /50 mA.

1 Introduction

Recent decades have seen considerable attention to var-
ious properties of intense nentron sources produced by
deuteron bombardment on thick light element targets [1-
14], typical reactions include *H(d,n)*He (D-D) reaction
and “H(d,n)*He (D-T) reaction. The characteristics of D-
D and D-T neutron sources, such as neutron energy spec-
trum, angnlar distribution and integrated vield, should be
investigated due to their importance in producing quasi-
mono-energetic neutrons at lower bombarding deuteron
energies [4,5]. Accelerator-based D-D/D-T fusion neutron
sources are widely used in neutron physics and neutron ap-
plication technology, ranging from nuclear data measure-
ments [15,16], radiobiology [17], radiotherapy [18], radio-
graphy [19], neutron activation analysis [20], irradiation
effect researches [21,22], ete.

Since 1950s, some countries have begun to develop nen-
tron generators., Generally, a Cockeroft-Walton accelera-
tor accelerates DV ions with ~ 102 keV, deuterons bomn-
bardment on deuterium-adsorption or tritinm-adsorption

* e-mail: weizheng@lzu. edu. cn (corresponding author)

target to produce neutrons. Lawrence Livermore National
Laboratory (in the United States) developed the RTNS-
1T neutron generator, with neutron vield of 3.5 x 10 n/s
at the deuteron of 370 keV /150 mA [23,24]. The SNEG-13
neutron generator was developed in Russia, with neutron
vield of 1.0 x 10" n/s [25,26]. JAEA/FNS and OKATA-
VIAN was developed in Japan, with a neutron yield of
3.0 ~ 5.0x 10" n/s [27,28). DYNAGEN-IV was developed
in Germany, with a neutron yield of 3.0 x 10'2n/s [29].
LANCECOT was developed in France, with a neutron
vield of 6.0 x 10" n/s [30]. In China, the Lanzhou Uni-
versity has been developing a series of high-yield neutron
generators since the 1980s, ZF-300, built in 1988, with a
neutron yield of 3.3 10" n/s [31]. At present, a new high-
intensity D-D/D-T neutron source, named ZF-400, is also
being built in the Lanzhou University.

The ZF-400 neutron generator is designed to pro-
duce up to 5.5 x 10 n/s by D-T fusion reaction us-
ing a Cockeroft-Walton accelerator providing D ions
at 400keV with a beam current of T0mA to a tritinm-
adsorption target rotating at 1500 rpm. Due to the space
charge effect influences, the key izsue in the transport line
is transporting continnous deuterium beam with an inten-
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Monte-Carlo calculation of fission process for neutron-induced typical ac-
tinide nuclei fission
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and Dapeng Xu'?
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Ab A global p ial-driving model with well-determined parameters is proposed by uniting the empir-
ical asymmetric fission potential and the empirical symmetric fission potential, which can precisely calculate
the pre-neutron-emission mass distributions for neutron-induced actinide nuclei fission. Based on the devel-
oped potential-driving model, Monte-Carlo code calculates the characteristics of fission reaction process for
neutron-induced 2*' Am fission. Typical calculated results, including yields, kinetic energy distributions, fission
neutron spectrum and decay y-ray spectrum, are compared with experimental data and evaluated data. It shows
that the Monte-Carlo calculated results agree quite well with the experiment data, which indicate that Monte-
Carlo code with the developed potential-driving model can reproduce and predict the characteristics of fission
reaction process at reasonable energy ranges. Given the well predictions on the characteristics of fission reac-
tion process, Monte-Carlo code with the developed potential-driving model can guide for the physical design
of nuclear fission engineering.

6. ZMAHMAIMN “BHARI” 77 L OHE L ETARRESD, 84 E G IR0t
H—HFHREIR S, JHRTRY

— N R




7. 20 2019 MR LR 2R, SRERER

HE LT
s K FREFHF S e Ry e
ZE= B a5+ — a7t RESRFTwma

»

- —

K5 R PEE

L

2ZPMRFRRLE Sy e
—O—h&E—REHR

8. /0 2020 F{H F 1% KRR, SRIRGEAET .

WORLD
NUCLEAR
UNIVERSITY

Certificate of Participation
Awarded to

>
ﬁ{l o fovs ,/,/.,,,,//,,f/

For Successful Attendance on the WNU Online Short Course
The World Nuclear Industry Today

03 -05 August 2020

Patricia Wieland, Head of World Nuclear University Tong Jiejuan, Vice Director of INET

9. MRS INZM K AUERRTE, (E BT IERRBAIAS, SERIABN 511145 — 25, 2 IRt AR IERR 3%
GIPANS



PTAEEER

ARSI

BRAZMKFEAFERRFROF A RAEIN S FH. BARUEK, &
BHGATPHER, AR, A%, FIRIELEPREZRLAT. £IFKA
XMFE#HFT, BATBME ) ZIF AR F e, BT T —2 69, Rt
FETREZOZRHI, EFROITEFITELE®, LHAMAAZ. ATAE
HOFE. BH, THEEAAFTE, FAF. 2T T IRIEEFEE, #if!

EEHASET G, MRELES, BREOTESER. ¥ H1EH M
£4F, FRFABRAFATHROGE R R

HARAEF) 7@, AL RE, REmROTEN, HTLH, KK
Ao R BIEAETEE 5. AR AP TR T FRAC G FfE LiR4E, I
BTHRRBRORG . AT ELIRA TEANNTHR, a—SH2EERZTAT
BELKF, BB, ROARFRGEMNAH TR, BT EALL TG 3HE, B
¥racTesind, FHE A TRF,

HEAFFH R E, AR EIAGF], BFRT R EOHFESE. mE
A —LHBRELFRAGF A, PALGFINRTTRGE, KIEFFTL 4
R ET RN, TRABERKEAFLK, THRTEARER T &, ALKz ARG
VE# 4, Bl4e, Geantd. Garfield++. Root “A% Comsol % & b# i+, %48, &
I R At F T, AAHLANR, &REKT—BESCI —EK# X, ®mET



5.861, % 4MAj sci BATAEF, 2 A14#45T Jinst 5§ NimA.

EAANE @, R E TR B AT R KA BANBR A Sk A &, mAIE
A F ARG AT TAEH F i, BN T, RARBA KX, FiE. £
A AR, ERAL, TR, REFIZIATRTRIEAL I, AR
M 2-F & BiliBili LS #ZmE iR AAZR R XAE, BaTEEEC3ds, A
A FAAS RREHMINIR, T RZAR, HRRKEEZEET G EZNEIR.

B EF 7@, AAS T 2019 FHF HEHCEIGR . F G
+ TR, v EBREFTRTEAR—FOTIRS TAE, L, RAE
WRE| L F, AT RN, HESIT R TAERL 2 Ak, JF5e 2019 S H
Ir# % 4% K&, k% £ 4 “Monte-Carlo calculation of fission process for
neutron-induced typical actinide nuclei fission”,

HANEE=ZFR, REAALEFT—ARAZTZNN K. EXEXREAT A1,
REBEARFAEEARK. £LEEF, ZRTHFHALR ST, AFNAELTEE, &
AR A THRRS THY, R, KESANTEHFFT EXY®EY, 26
FRFETRKRORG . £4B, BT UME B T Laymsr Lig K, &K
ML T ET R BAFTR], R RAEF] LLAAFTE TR E—E#,
NAFS], BT, &850 & T a5, B—AAEAH 0K AL
R

AL R ANGAANF T A, REHH BB FERAMF KB, HIFGGRE
ANIEFUABRB FANEL EF AT T ARG I K R 5B RE IR EK
AT, ARBIFOERN, ARG IEF ARG L. FEAZMF. £ IFmAid A%
%, #H

FAS 5% N1 E

1. 2RERAAFTFREZAR5%T, BEHARIT L A H RGP
3371 B, HDLCXZX-2019-HD-33, 35.00 7 7T, 2019.01-2020.11.

AANZ2HE5TRAR D-D P FRAAERNGF R A mX T/, £%
I, KANBAFBRAST T &, FARENGASSES D-D PFAAERA
OGRS R TIPR T FRT TR, RELE T ARG A,
FEM R TAE P, KAF]H EI309 AR A HRARAE M 25 24 & CAEN DT5725 448 3K IR
BEFRTEAR D-D PFRAZW n/y AT, Hob, REFENELRRY
FEHAZE, Mz, FEF2 7T DD P TRESTR ARG TREHIE, KL
SR AR DD PFRAEBGPFFRE., AOAUARA Ny HFRBELAREITT P
f&o

2. AT 23 -F=R5RESAH R RERLEMNERBRFAR, FEEHD
A B IR AR & A1 49 B, 90.00 77 T, 2020.06-2022.12.

AANB A 22457 AT #0698 LA AR 69308 50 TAE . 2848 T4E
B, 8T P KAk LAk, B N INAI R 230 F 7 kT R ARIRARAL R
TOMAAREE, ARARAET —E TR, REEEF T —RAMIRE. £E8EM
R IAE, ARBAZIN A TREEITGER, +H T 252Cf F FRiAF R L4 Z %
UL A SAE TR DRI, VAR S AR T SR MR UAT
PR ES. BREF, THERBERATELELERRE T,



