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Introduction and motivation Contents

Bismuth shielding experiments with
D-T neutron source (slab samples)

Bismuth shielding experiments with
D-T/D-D neutron source (spherical samples)

Integral experiment platform with
Cf-252 fission neutron source

Quasi-Differential experiment platform
at CSNS Back-n

n-y discrimination with broaden the lower limit
of energy threshold using BP neural network
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The Use of Nuclear Data

Data Measurement
Nuclear structure data,
Nuclear reaction data,
Benchmark experiment

Scientific
research:
Nuclear physics,
Nuclear reactor
physics ......

¥

Nuclear
technology
application:
Nuclear medicine,

Nuclear detection
technology......

@ _ Model theory

NS ( /’7\ Nuclear reaction.

®\l\ Nuclear structure......
— =

(B —

Nuclear data libraries

HMI E .I -Experimental nuclear database
=5 '\ —Evalgated nuclear database
% E / -Dedicated nuclear database

Nuclear energy Public
development: education:
Nuclear power, Science
Nuclear fuel education,
cycle...... Professional
Education......

»The precision and reliability of nuclear data are directly related to the quality of nuclear
engineering products and the application of nuclear technology
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Modeling codes
Basic study predictions

of nuclear ~.
o - Evaluations
physics

!

Data Processing APP' iIcation
| (Users)
Application libraries

Integral
experimental data

— - \ Transport simulation
' — of integral experiments
e | Check the quality of

Feedback
|

nuclear data

Integral experiment is an essential part of evaluating
nuclear data before it is provided to users.
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CIAE Integral Experiment Arrangement
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Tablel. The integral experiments
have been performed at CIAE

Sample Size (cm) Thickness (¢m) Degree (° )
10X10 5 45. 135
238y 10X10 2, 5, 11 60. 120
30 X30 3, 6, 9 60. 120
10X10 5, 11 60. 120
Be $30 44, 8.8, 13.2 47. 58. 72, 108. 122. 133
$13
Fe 30 X 30 5, 10, 15 60. 120
nat(Gq ¢13 3.2, 64 60. 120
natyy 10 X10 3.5, 7 60. 120
C ¢13 20 60. 120
SiC $13 20 60. 120
. $13 5 60
30 X30 5, 10, 15 60. 120
Pb-Bi $13 5 60
ThO, $13 54, 10.8 60. 120
H,0 $13 5.2 60
Nb $13 5, 10, 15 60. 120
30 X30 5, 10, 15 60. 120
Bi 30X30 5, 10, 15 47. 58. 72. 108. 122, 133
Zr 30X30 6, 12, 18 47. 58. 72, 108. 122, 133
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Current Focus of Shielding Integral Experiments

The platform upgrade to enable higher-
precision TOF measurements.

Current integral experiments
focus on higher-precision
measurements under diverse
experimental conditions .

Experiments were performed with both slab
and spherical samples: the slab sample used
three thicknesses at six detection angles, while
the spherical sample used three thicknesses.
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Experimental Platform- Bi Slab Sample

y,

Associated -

particle detector |,

(S10)

Concrete
Iron
Lead
Odeg monitor
(0.5*0.5 inch EJ301) Copper
372 cm Polyethylene
Measured angle Bismuth
: (5/10/15 cm)
————————————————————————— —-----= Main detector
A R L : (2*2 inch EJ301)
"""""" L A : wall
: 3 U R i collimator
T-Ti target 0 > 90d t P
00 em 132 em ol E OO :
(V.0 7VU.0 1Incn - :
Beam T 12 @i :

direction

Neutron leakage spectra were measured for Bi samples of three thicknesses (5/10/15 X 30 X 30 cm) at
six scattering angles (47° /58° /73° /107° /122° /133° ).
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Experimental Platform Upgrades for

High-Precision TOF Measurements

@ Digital Electronics & Full Waveform Recording

Pulse height
BCS01A | PMT | pymoge | Rise time

L 567 | Delay
Stop
2160A | —| 935 || 567 |— TOF
Stop
Beam pick-up ring —'{VTIZOH 935 l—-| Delay |

Monitor o || 935 i l_567 TOF

Silicon counter — 142B |—{ 572 |—{ 551 [—{ C257 |—Tally of alpha

(DReplaced traditional analog electronics
with digitized acquisition system;

(2 Enables full waveform recording for

advanced data processing and analysis.

Parameter Value
Number of Channels 16
Sampling Rate 500 MS/s
Resolution 12 bit
LTI 20
Data Transfer Rate 10° MS/s
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with Liquid Scintillator

@ Accurate Pulse Time Distribution Shape Monitoring

Response matrix

— —

_Nl_ R11 R12 R13 le ¢1
(D Liquid scintillator monitor + deconvolution algorithm; N, R, R, R, - R, ||4
(@ Neutron TOF spectra were preferred over gamma due Ny|=|Ry Ry Ry - Ry |4
to lower background and higher accuracy. ' S e
_]Vi | _Ril Rz‘2 Ri3 o sz 1 _¢j_
Neutron TOF Pulse time distribution
1E-11 T | B A B B TS, B T T L | 1E-11 — T E r : T —T v T T T v T
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! without pluse time distribution !
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Exp Cal
Pulse time profile
"‘g- 1E-12 | é IE-12 | 1 iti
S S ] | accuracy is critical
§ n,p(scattering)
@ie.: | to result reliability.
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D-D  neutrons inevitably
accompany D-T sources due to
deuteron beam deposition in

(3@ Associated Particle Detection with SiC Detector

the target.
0.009 |-
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1E-10

Tally/cm?/neutron source

@ SiC detector distinguishes DD-protons and DT-alphas;

1E-11

(2 Enables accurate assessment of DD/DT neutron field

E_12 1 L 1 L 1 L 1 L 1 " 1 " 1 L 1 L 1 .

1 . .
CompOSition. 100 150 200 250 300 350 400 450 500 550 600 650
TOF (ns)
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Experimental Results — Standard Sample (CHZ)
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Experimental results for a Scm thickness
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Experimental results for a 10cm thickness

14



Presentation for INDEN

gz of@ég-ﬂﬁ.%gﬁ‘i‘% Dec 15—Dec 19 Vienna, Austria

ENNL CHINA INSTITUTE OF ATOMIC ENERGY

1430 7.83 4.93 3.39 2.47 1.88 1.48 1.19 0.98 0.82 0.70 14.437.93 5.01 3.44 2.51 1.92 1.51 1.22 1.00 0.84 0.72 14.63 8.06 5.10 3.51 2.56 1.95 1.54 1.24 1.03 0.86 0.73
]E_lo T T T T T 3 IE_lo T T T T T IE_lo T T T T T E
i 47 deg | . 58 deg 73 deg
ée ] ] —
o 1E &l PR | S '
Eie—-iip 7| 3 SIETIIE 9 3 8 1Bl E
2t s 1
g ® = & | =
2 ¢ g ® 2
ERTHRTL 1 Bip o P UV 1 3 i
BIE 12; f o EXP SIE-12F o EXP Z1E-12 o Exp
[ [ CENDL-3.2 = ] f ]
£ £ CENDL-3.2 £ —— CENDL-3.2
k3 - - - ENDEF-B.VIII.I k3 k3
3 S - - - ENDF-B.VIIL1 s, - - - ENDF-B.VIILI
= [ e ENDF-B.VIILO = ENDEB VT 3
E1E-13F JEFF-4 { S1E-13} VL 4 & 1E-13¢ ENDF-B.VIILO
————— JEFF-4 —.—-- JEFF-4
-~ JEFF-3.3 x
JENDL-5 - JEFF-3.3 ' —--- JEFF-3.3
i ‘ JENDL-5 | JENDL-5
1E_l4 " 1 L 1 " 1 " 1 L 1 " 1 " 1 " 1 n 1 " 1 " IE_]4 " 1 n 1 L 1 " 1 L 1 " 1 " 1 " 1 " 1 " " IE_]4 " 1 " 1 " 1 L 1 " 1 L 1 " 1 " 1 " 1 " 1 "
150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650
TOF (ns) TOF (ns) TOF (ns)
17.019.24 5.79 3.97 2.89 2.19 1.72 1.39 1.14 0.96 0.81 15.888.73 5.51 3.79 2.77 2.11 1.66 1.34 1.11 0.93 0.79 15.37 8.47 5.35 3.69 2.69 2.05 1.62 1.31 1.08 0.90 0.77
1E-10 T T T T T 3 1E-10 T T T T T _E 1E-10 T T T T T I
133 deg 122 deg |] 107 deg
8 1E-11}F 4 8IBE-11} 9 1E-11
g 2 2
=1 =] c
g g g
E = | s
E 1E-12 F o EXP 3 § B2 | o Exp § 1E-12 o EXP
£ —CENDL-3.2 E i ——CENDL-3.2 £ —— CENDL-3.2
3 -~ - ENDF-B.VIILI > 1 - - - ENDF-B.VIILI 3 - - - ENDF-B.VIILI
= |l ENDF-B.VIILO = s =
Sty ENDE- 1 Sl ENDF-B.VIILO Y E el ENDF-B.VIILO
eniain e JEFF-4 1 " == JEFF-4
-- JEFF-3.3 ------ JEFF-3.3 ----- JEFF-3.3
JENDL-5 A JENDL-5 JENDL-5
]E_l4lLU—'| L 1 1 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " E_]4 L " 1 L 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " E_]4 " 1 " 1 L 1 " 1 " 1 L 1 " 1 " 1 " 1 " 1 "
150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650 150 200 250 300 350 400 450 500 550 600 650
TOF (ns) TOF (ns) TOF (ns)

Experimental results for a 15cm thickness
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Reaction Channel Separation in TOF Spectra

10° i (n,total)——H¢ (n,el) (n,2n) -(n,n")coftinuum 'l MOVing
{o! , (n,ner) —f (n,np) (n,3n) — (n,n")digkrete _‘ Sample Direction
A CENpL-3.2 7 : % Measured
i ~ 12 W3 A4 B<5 B <6
. S N Al AWERERGE AN AN A Angle
107 §
10 § # Target
10° § T
107§ dl /I - Beam
0 2 6 & 10 12 14 16 18 20 Direction
Energy (MeV)
(DEnergy regions are defined by the dominant
! | (n,2n) (n,in})C contribution within that range.;
. TOF windows are determined b
(n,inD)D [ (n,el) 2 g
combining flight distance and energy intervals.
_ _ _ _ _ - _ _ = = - - ——eubd
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Bi Experimental Results Analysis (CENDL-3.2)

C/E values across three different
thicknesses show excellent consistency.

» Elastic Region

C/E values increase with angle; best
performance at 133° , with minimal overlap
from inelastic scattering.

C/IE

> Discrete-Level Inelastic Region

Consistently overestimates across all angles
but maintains a reasonable angular trend.

»> Continuous-Level Inelastic Region

00120160 200 240 360 320 360 700 440 350 520 560 500 540 T60 200 240 250 350 360 700 140 750 520 BE0 200 640 Accurate at small angles (47 °, 58° ),
o TOF (ns) slightly overestimates at 73° , and more
. S (n,el) (n,n")discrete (n,n')continuum (n,2n) significantly at large angles.
47 132~156 160~172 176~216 220~608
58 132~160 160~172 176~216 220~616 > (n,2n) Region:
73 132~160 164~176 180~220 224~624 . .
Systematically underestimates across the
107 140~160 164~176 180~224 228~636 entire energy range.
122 144~164 168~180 184~228 232~644

= = C -
133 148~168 172~184 188~232 236~652 T



§3 YRAFAHISAEE

Presentation for INDEN
Dec 15—Dec 19 Vienna, Austria

ENNL CHINA INSTITUTE OF ATOMIC ENERGY

C/E values by energy region for different nuclear data libraries at S cm thickness.
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» Elastic Region

CENDL-3.2 shows the best overall

agreement.

> Discrete-Level Inelastic Region

At small angles JEFF-3.3 matches
better, while at large angles JENDL-5
1S more accurate.

» Continuous-Level Inelastic Region

JEFF-3.3 performs best overall, and
CENDL-3.2 also performs well at 58°

» (n,2n) Region:

CENDL-3.2 and JEFF-3.3 significantly
underestimate the results, while the
others are generally close to C/E = 1
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C/E values by each point for different
nuclear data libraries at 5 cm thickness.

» (n,2n) Region:

ENDF/B-VIII.1, ENDEF/B-VIIIL.O,
JENDL-5, JEFF-4 all yield C/E values
close to 1, but JENDL-5 and JEFF-4
show better spectral consistency, while
ENDF/B-VIII.1 and ENDF/B-VIIL.0

overestimate at high energies and

underestimate at low energies.
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Comparison of results across different nuclear data libraries.
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Experimental Platform— Bi spherical Sample

Concrete

- Iron

Lead

372 cm : 130 cm Polyethylene

.
i Pre-collimator :
: '
!

ta X
we '
WA d =2 .
e Trrrrrr el Main detector
[ e FaoNE.
M ? ] ;
H d '
i

(2*2inch BC501A)
D/T-Ti target

Associated particle detector { Wall-collimator

(plastic scintillator)

Beam director

772 cm

Because the sphere fully enclosed the target head and The fast timing of the plastic
disabled the monitor system, the pulse time distribution scintillator enables time-of-
was determined using the associated-particle detector. flight (TOF) measurements of

associated particles.
a particles and protons can be
samples (diameters 19/29/39 cm, corresponding to penetration || clearly separated in the

thicknesses of 5/10/15 cm). measured spectrum.

Neutron leakage spectra were measured for three spherical Bi

\

n
b
(v
in

g
#

— %
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Experimental characterization of the neutron source term: D-T/D-D
mixed-field monitoring and pulse time distribution measurement.
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Experimental Results — Standard Sample (CH,)

1614 7.17 404 258 1.79 132 101 0.80 352 258 198 156 127 105 088 075
1E-7 - T T T T T T T T T T T 3 1E-7 3 . T . T T T T T .
- @ DT_CH2 = (b) DD _CH2
IES EXP 3 1E-8 | EXP
3 F 7 —— CENDL-3.2 o 5 —— CENDL-3.2
2 ol £ - -~ ENDF-B.VIILI | = i - - - ENDF-B.VIILI
2 s F | —— ENDE-B.VILI g 1E9¢ A 0 sams ENDF-B.VIILO
g v JEFF-4 g f £ Mol
3 1E-10 £/ ' ----- JEFF-3.3 . ERT:RL I B ------ JEFF-3.3
é | ~e_ JENDL-5 E é . ;f %%t':*:::z._;_&r_ JENDL-5
SIE-11E o 3 2ienf T
ﬁ = E : ] I;IT.ITT
: I i s
]E_]3 N 1 L 1 1 N 1 1 1 L 1 LY 1E-13
140 210 280 350 420 490 560 630 300 350 400 450 500 550 600 650
TOF (ns) TOF (ns)
CENDL-3.2 ENDF-B.VIII.OENDF-B.VIII.1 JENDL-5 JEFF-3.3 JEFF-4
D-T_CH2
experiment  5.892E-09 5.892E-09 5.892E-09 5.892E-09 5.892E-09 5.892E-09
calculation  6.007E-09 5.984E-09 5.984E-09 6.035E-09 5.980E-09 6.011E-09
C/E 1.019 1.016 1.016 1.024 1.015 1.020
D-D CH2
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C/E 1.002 1.010 1.010 1.014 1.008 1.010
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Tally/cm2/neutron source
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Tally/cm2/neutron source
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Experimental results at different thicknesses using a D-D neutron source,
with point-by-point C/E comparisons against multiple nuclear data libraries.
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> D-T neutron

The conclusions from the D-T source experiments are consistent with those from the slab-sample measurements.

> D-D neutron

With a D-D neutron source, secondary
neutrons mainly originate from elastic

15 1 v 1 N I
CENDL-3.2 . scattering and discrete-level inelastic scattering.
12 (n,total) |
(n,el)
(n,2n)
= (n,n")continuum .
9 A
é) -(n,n")discrete Rea ction E ne rgy TO F
0
= (n,el) >2.2MeV <378ns
= 6
O 1 °
© (n,n')discrete  0.8~2.2MeV 378%622ns
3
CENDL-32  ENDF-B.VIILO ENDF-B.VIILI JENDL-5 JEFF-3.3 JEFF-4
Scm
0 = (e 0991 + 0030 0960 + 0.029 0960 + 0.029 0949 + 0.029 0954 =+ 0.029 0949 + 0.029
0 2 4 6 8 10 (nn)discrete 0.791 + 0.024 0.894 + 0.028 0.894 =+ 0.028 0947 + 0.029 0.925 + 0.028 0947 + 0.029
10cm
Energy (MeV) (nel) 1140 + 0035 1.034 =+ 0032 1.034 + 0.032 1.004 + 0031 1018 + 0031 1004 + 0.031
(nn)discrete 0.989 + 0.030 1.101 + 0034 1101 + 0.034 1153 + 0.035 1.145 + 0.035 1153 = 0.035
15cm
_ (nel) 1178 + 0.036 0998 + 0.031 0998 + 0.031 00952 + 0.029 0973 + 0.030 0952 =+ 0.029
D-D neutron cnergy range (nn)discrete 0.989 + 0.030 1.077 + 0.033 1.077 + 0.033 1124 + 0.035 1.131 + 0.035 1125 =+ 0.035
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Comparison of results across different nuclear data libraries.

T T T 1 3
(N.EL)
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Syl - St W\ -
\\7 ‘.\\
3 >
2 1 1 1 0 L 1 I i R

Energy (MeV)

» Elastic Region

I 5 I 6 . 7 8 9 . 10
Energy (MeV)
> Discrete-Level Inelastic

Overall, ENDF/B-VIII.1 and ENDF/B-
VIII.O0 provide the most accurate predictions;
as thickness increases, CENDL-3.2 shows
progressively higher C/E values.

CENDL-3.2 gives the lowest results
among the libraries, while JENDL-5 and
JEFF-4 tend to be higher; JENDL-5 and
JEFF-4 performs better at 5 cm, whereas
CENDL agrees better at 10 cm and 15
cm.

Spherical samples exhibit both leakage and reaction.
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Comparison of results across different nuclear data libraries.

1:32 1.01

1.79 0.80

DD Bi I5cm

» Discrete-Level Inelastic high energy

CENDL shows a clear underestimation,
while the other libraries give C/E values
close to 1.

2.0

do/dE (b/MeV)
o

p—
=

(b)

(n,n")discrete

— CENDL-3.2

- - - ENDF-B.VIIIL.O
ENDF-B.VIII.1
----- JENDL-5

s JEFF-3.3
JEFF-4.0

3.0 3.5

Energy (MeV)

» Discrete-Level Inelastic low energy

CENDL shows the best agreement, while the
other libraries tend to overestimate.




Presentation for INDEN
Dec 15—Dec 19 Vienna, Austria

§3 YRAFAHISAEE

ENNL CHINA INSTITUTE OF ATOMIC ENERGY

Experimental Platform- Cf-252 neutron source

Ionization

T chamber

TOF start-time detector /'

neutron detector 1 neutron detector 2

J CLYC

® 2:0f source Air @® Sample
Bl Detector Bl Cabinet

Ml Paraffin wall [[] Table

Bl Concrete wall [ Door

Diameters=2.9cm

5 anode plate

/ 8 gas inlet hole
Ve ::.;7?[; — ——=— N

3 cathode plate y W i R (N A -
\# (=l /

[
|

1 shell cover \L

0
2 radioactive source location \ \\:{/
\ e
\ A8

4 electrode film

6 LEMO connector 7 bottom threaded fixing plate

C1-252:

uncertainty control.

Stable, near-isotropic point-like emission simplifies geometry modeling and

A representative fission neutron spectrum (~2 MeV mean energy) is well
suited for validating shielding attenuation and spectral shaping.

9 gas outlet holc
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Cs,L1YCl, :Ce(CLYC) Detector

100 1 T T ¥ T ¥ T T T J T Y 3 1.75 ; ; . 0.08
Cs 50 * Energy Scale Eull.fidideh) Fufl. 3R] +  Energy Resolution
- | 1.50 Siag G Cofl1.332MeV) 7] 0.07 L Fitting Curve ]
|U | CO‘ i 1itting Cu A
Na ] L2531 E£=0.00155%ch-0.0063 y g 2 Lo B8
] _ Sl e Na(1.274MeV) 8 ; ~ ; T R
e T = E 1.00 ok raieer) 2006 - SRR A=2.23% T
o 1 L“"T' .~|"\ \ 5 T 2 ) B=3.04%
] o LI Lo ~ g Cs(0.662MeV) . 0
=) : \'*'\{% | u"l II m EDO'?S | Euf0.778MeV) 7 %(;‘05 + L CLT
- Y | o W, = { . =1
E WMW\qWTM v J"‘"-"’l\- 'I \ Bl 4 050 L Cs(0.662MeV) 2 = Eul0.778MeV) i -
= 01 ] M\ E Na(0.511MeV) il i o -
E \Ww | 'rr\*' E 025 L Euc0.344Mev) i _ S
r | L 1 Cofl.332MeV)
F | X mq bl . 7 21/
0.01 Wlﬁ ! | ' | 0.00 1 w . i , . . LEu(1.408MeV)
. E | ‘ | | 200 400 600 800 1000 0.25 0.50 0.75 1.00 125 1.50 1.75
E ‘ H | lh | Channel (n) Energy (MeV)
| "I! J i .
0.001 . vl i1 '
0 200 400 600 s00 1000 1200
Channel (n)
@ gt o \. . [ Enties 66505 | = L d o bl 1 d c
\ o = 1 doping enables low-energy neutron detection,
1 140
0.95f— d
g ¥ ‘ ~= | while chlorine (Cl) doping provides fast-neutron
T ‘
il .
0.9 ?"ﬂvﬂ : —{100 5,0 O . 35 5
) sensitivity via the *>Cl(n,p) reaction.
! o
M ‘ e 5 5 5 o c o
S 4= | Excellent n—y discrimination, with a typical FOM > 2.
l | ‘F"’ - g n : H%. |
AR, 40 . . 0
08 ot A Gamma-ray energy resolution 1s ~5% at 662 keV.
| ih ‘r‘.rl' '\I"“"'h L ‘I'I' " C 20
PN f'\'\f '
500 1000 1500 2000 2500 3000 3500 4000 ¢
ADC channel




Presentation for INDEN

gz .f@é %ﬁéﬂ%&ﬁtgﬁ% Dec 15—Dec 19 Vienna, Austria

ENNL CHINA INSTITUTE OF ATOMIC ENERGY

Experimental Results — Standard Sample (CH,)
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A 12 cm-diameter polyethylene sphere was used as the benchmark sample to validate the

platform, with C/E deviations < 5% across libraries.

Experiments with two Fe samples (12 cm and 24 cm in diameter) have been completed.

Experiments are underway for three Bi samples (10/15/20 cm in diameter).
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Quasi-Differential Neutron Scattering experiment platfor

CSNS Back-n

tungsten (W) target to generate intense pulsed neutrons.

CSNS currently operates at ~170 kW beam power.

boosts intensity/neutron flux (single-bunch gives about half the flux)

China’s pulsed spallation neutron source uses 1.6 GeV proton pulses (25 Hz) striking a

CSNS typically operates with two proton bunches per pulse separated by ~410 ns, which
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. Wbight charged particle detector

* Detectors: 4 X BC501A+4 X CLYC
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Prompt fission neutron
cross section detector
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Detector Signal DAQ
each angle have two detector
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IAEA NEUTRON DATA STANDARDS (2017)

5 natc(n n) up to 6.45 MeV
’ (Standard range: 1keV - 1.8 MeV, angular distribution standard)
105:' ! ' ' ! L L D
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Experimental Results — Standard Sample (C) - CLYC
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Experimental Results — Standard Sample (C) - BC501A
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Energy Range:
<6.45MeV

Stander cross-section
but not stander

angular distribution

6.45MeV~20MeV

>20MeV
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The angular distribution of C in the fast neutron
energy region still exhibits significant deviation.
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Comparison of angular distributions in the evaluation database
with experimental results in the 2.84-3.71 MeV range
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>20MeV
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CENDL-3.2 lacks data above 20 MeV.
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110 deg
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JENDL-5 provides the best C/E value
within the 12-18 MeV range.
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JENDL-5 exhibits the best C/E ratio
within the 4.3—5 MeV range, while
CENDL-3.2 performs best at 5.5-6 MeV.
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JENDL-5 provides the best C/E value within the 12-18 MeV range.
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150 deg
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At 4.1-4.3 MeV, ENDF exhibits the optimal C/E ratio;4.3—4.8 MeYV,
JENDL-5 exhibits the optimal C/E ratio; at 4.8-5.2 MeV, ENDF is
optimal; and at 5.2—-6 MeV, JENDL-5 is optimal.
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n-y discrimination with broaden the lower limit of energy
threshold using BP neural network

PSD
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Low-energy data can enhance neutron detection efficiency.

When using the traditional PSD method, detectors have an effective detection limit.
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The optimal parameters of traditional PSD methods still

exhibit a distinguishable lower bound.
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The neural network can process all
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gamma confidence, respectively.
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A single layer of 20 neurons yields optimal performance, with 99.9%
particle confidence error below 0.02 and 100% discrimination accuracy.
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99.97% of all waveforms are distinguishable.
The lower limit of distinguishable energy
has been reduced from 150 keV to 70 keV.
Waveform utilization rate has increased

from 60% to over 99%.
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The reliability of low-energy resolution differentiation based
on TOF spectrum identification.
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No neutrons are present at the y-flash peak.

A v peak exists at the neutron peak.

The TOF spectrum shapes for low-energy

neutrons are consistent.
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Verification of the PSD-ANN Method's Universality.
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experiments.

After fixing the detector and acquisition system.

For a pre-trained neural network, Real-time discrimination can be achieved in
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1. The CIAE's integral experimental platform 1s now capable of precisely
measuring the neutron leakage spectrum from plate-shaped/spherical
experimental samples under D-T/D-D neutron source conditions.

2. Experimental data for Bi still requires further refinement: under D-T
neutron sources, clastic scattering data aligns best with CENDL-3.2,
while (n, 2n) reactions perform optimally with JENDL-5. Notably, after
updating to JEFF-4, the JEFF library shows consistency with JENDL-5
data, though JEFF-3.3 demonstrated superior performance among the six
databases for continuous-energy inelastic scattering. For D-D neutron
sources, the elastic scattering ENDF library performed best. The discrete-
level nelastic high-energy region was underestimated by CENDL-3.2, but

it performed best in the low-energy region.
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3. Standard sample verification work has been completed using both the CF-
252 shielding experimental platform and the Quasi-Differential
experimental platform based on CSNS back-n, establishing the
experimental conditions for sample verification.

4. The standard cross sections and angular distributions for elastic scattering
of C show good performance within the range recommended by the IAEA,
but significant discrepancies remain in the angular distribution above 1.6
MeV.

5. A method for distinguishing n-y in the low-energy region of liquid
scintillation detectors has been developed. The lower Ilimit of
distinguishable energy has been extended using neural networks, and

reliability has been verified using time-of-flight measurements.
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Thank you for your attention !




