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The Use of Nuclear Data

@ Model theory

s L Y F Nt~ /- Nuclear reaction.
Data Measurement N&™ A Y \KL Nuclear structure......
Nuclear structure data, \ D
. — (=4
Nuclear reaction data, T

Benchmark experiment

Nuclear data libraries

‘ 'M‘ -Experimental nuclear database
=5 ( —Evall_Jated nuclear database
/ -Dedicated nuclear database

R

-

Scientific Nuclear Nuclear energy| | National defense Public
research: technology development: construction: education:
Nuclear physics, application: Nuclear power, Design, Test, Science
Nuclear reactor Nuclear medicine, | [Nuclear fuel Maintenance and education,
physics ...... Nuclear detection cycle...... storage, Nuclear Profes;ional
technology...... power...... 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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Integral

experimental data . .
" \ Transport simulation
of integral experiments
Check the quality of
nuclear data

Nuclear Data Production

Modeling codes
predictions

~.

Evaluations

!

Data Processing

] / (Users)

Application libraries 1

}

Application

Integral experiment is an essential part of evaluating
nuclear data before it is provided to users.
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CIAE Integral Experiment Arrangement

Tablel. The integral experiments

I Monitor 1

200

have been performed at CIAE

Measure TOF spectra of leakage
neutrons at >90°.
Effect/background ratio reaches top
international level.

sample Size Thickness Angle
(ecm) (em) ° )

238 10X 10 5 45,135

Be 10X 10 511 60,120

natGa $13 3.2,6.4 60,120

nat\\/ 10X 10 3.5,7 60,120
w 10X 10 5 60

C $13 20 60,120

2381 10X10 2,511 60,120

SiC $13 20 60,120
Pb ®13 5 60
Pb-Bi ®13 5 60

ThO, 13 10.8 60,120
H, ®13 10.8 60
13 6 60

Polyethene S 56 B
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Current Focus of Integral Experiments

Experiments are conducted with 3

Current integral experiments focus thicknesses and 6 detection angles.

on precise measurements at multiple
angles and thicknesses for key
nuclides.

The platform upgrade to enable
higher-precision TOF measurements.

Cryostat

Thermal Shield

Vacuum Vessel

Shielding Blanket/
First Wall

instrument tube

Beryllium Zirconium Bismuth

Widely used in fusion Common in reactor Component of Pb-Bi
reactors structural components eutectic coolant

Key material for neutron Low absorption, good for Applied in lead-cooled fast
multiplier and shielding neutron economy reactors (LFRs) and ADS
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Experimental Platform Upgrades for
High-Precision TOF Measurements

Parameter Value

@ Digital Electronics & Full Waveform Recording Number of Channels 16

Sampling Rate 500 MS/s
w Pulse height Resolution 12 bit
BC501A | PMT (pymeae | Rise time
Amode || 867 Jsr| Delay Max Acquisition Time 20 pis
o per Waveform
2160A | — 935 [—{ 567 |— TOF

Data Transfer Rate 109 MS/s

Stop
Beam pick-up ring HVT]QOH 935 |—»| Delay I

Anod
Monitor e L 935 St [ 567 TOF

Silicon counter —q 142B || 572 |~ 551 |—{ €257 |—Tally of alpha

(DReplaced traditional analog electronics
with digitized acquisition system;

(@Enables full waveform recording for

advanced data processing and analysis.
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@ Accurate Pulse Time Distribution Shape Monitoring
with Liquid Scintillator

Response matrix

N1 R11 Rlz R13 le_ ¢1
D Liquid scintillator monitor + deconvolution algorithm; N,| |Ry R, R; - R, || 6
(2 Neutron TOF spectra were preferred over gamma due Ny|=| Ry Ry Ry o Ry 4,
to lower background and higher accuracy. N |R R, Ry - R[4
Neutron TOF Pulse time distribution
1E-11 T 77— 71 T 1E-11 T T T T T T T
® sierreni N B LY e i i
I Exp
Exp Cal
Cal .
, Pulse time profile
ERTAP S | 1 EiEnf . e
© !f S f n p(scattering) accuracy is critical
7 il [ og e
T L _ | to result reliability.
."i .. : . ea ik =
¢ s
IE-13 & ‘1 I ; N

1 I I ! 1 I 1 E-13 . A TR B ol I
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
TOF (ns) TOF (ns)
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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 -
106 fF—— 1~ 1 T+ T *+ T~ T * T * T * T * § 0.008 - —®— 1# D-D/D-T ratio .. ~
- ] - 2# D-D/D-T ratio [ P
SiC detector energy spectrum 0007 - "

[ - 0.006 - “".' i
10° alpha - A

3 0.005 |- i
/ T(d,n)*He ; 2 ol ./‘f‘ ]
1 0.003 y 4

0.002 -

0.001 f -
0.000 -

Ratio

I proton
10% F

Counts

103 E_ E -0.001 1 1 1 1 1 1 1
C 2alpha 0 20 40 60 80 100 120
- T(d,n)4He ] Time(hours)
]02 g_ \ ]E¥8 T T T T T T T T T T
i Direct Measurement of Neutron Source
1 PN (R R R N N U I R N 8 1E-9F /D-T . i);llj _
100 200 300 400 500 600 700 800 900 1000 1100 E
Channel §
§ 1E-10 E
E
(D SiC detector distinguishes DD-protons and DT-alphas; i gy ]
2 Enables accurate assessment of DD/DT neutron field
E_l 1 1 1 1 1 1 1 1 1 r

100 150 200 250 300 350 400 450 500 550 600 650

composition.
TOF (ns)
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Experimental Results — Standard Sample (CHZ)

2 Angles + 2 Conditions

Mverify the accuracy and

repeatability of the system.

(2 the n—p scattering cross section

is internationally recognized.

1E-11

Ta[ly/cmzlneutron source

1E12 ¢

1E412 |

1E-13 |

1E-11 |

150

200 250 300 350 400 450 500550

'150

300 350 400 450 500550

S e AR LR

4]

LR REAA RS Ra LA R LA RS LR L) T m

47° -2

1E-11

1E-12

O EXP

—— CENDL-3.2

— ENDF/B-VIIL0

—— JENDL-5
——JEFF-3.3

O EXP
—— CENDL-3.2

— ENDF/B-VIIL0
—— JENDL-5
—— JEFF-3.3

d 1E-13

- 1E-11

LAL

L 1E-12

—— CENDL-3.2 —— CENDL-3.2
ENDF/B-VIIL0 - ENDE/B-VIILO
. . <30 — JENDL-5 — JENDL-5
(3)Systematic uncertainty < 3%. PN — T B s
T80 200350 300 330 400 450 500550 150 200 250 300 350 400 450 500550
Time of Flight/ns
C/E value
Angle
CENDL-3.2 ENDF/B-VIII.0 JEDNL-5.0 JEFF-3.3
47deg-1 0.9811 £ 0.0298 09884 =+ 0.0300 0.9738 =+  0.0296 0.9902 £ 0.0301
47deg-2 1.0013 =+ 0.0304 1.0110 £ 0.0307 1.0057 £ 0.0306 1.0131 = 0.0308
61deg-1 0.9882 + 0.0299 0.9695 =+ 0.0293 0.9961 =+ 0.0301 0.9677 £ 0.0292
6ldeg-2 0.9931 =+ 0.0301 0.9942 <L 0.0301 1.0046 =+ 0.0304 0.9946 L 0.0301 Ecm “

10
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Experimental Results — Be Sample

1E75 T T T T T T T T T T T 1E75 T T T T T T T T T T T
(a) Exp (b) Exp
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i
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Comparison of Experimental Results with Four Nuclear Data Libraries
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Experimental Results — Zr Sample

Tally/cm?/neutron source

Tally/cm?/neutron source
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Experimental Results — Bi Sample
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Reaction Channel Separation in TOF Spectra

(n,total)—H (n,el)

n,2n) §—— (n,n’)cofjtinuum 3
n,3n) f— (n,n")digrete
CENDL-3.2 3

(DEnergy regions are defined by the dominant

(n,nat) —§ (n,np)
t-\u - \“ -
S 2
2, 2 = /\
2 : p
g m //
g ) —
2 B
g Ny =]
L .
= \
" \\l
e
L1l
4 6 8 10 12 14 16 18 20
;:n (I;levl)u ’ Energy (MeV)
————1 (m2n) (n,el) ———1 (n,2n) (n,inl)C
Moving
Sample Direction (n,in)D C—1 (n,el)
1 2 3 | 4 5 6 Measured
A R R \ 1 o 8 Angle

contribution within that range.;

o @TOF windows are determined by combining

T

Beam o o g
Direction flight distance and energy intervals.
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Be Experimental Results Analysis (CENDL-3.2)

e 44cm
4 8.8cm

v 13.2cm )

(DIn the elastic scattering region,

CENDL-3.2 overestimates the yields at

C/E
oooosnaaaa

200 300 400 500 600 160 260 39 520 650 47° and 58° , while underestimating

1.
1.4 e 4.4cm y
1 + 88m . 88om 1 at 107° ,122° ,and 133° ;
:'1 A Y vf:,.cfma_-»'.‘ v 1ezem g 28] ;
S rofied S | @In the (n,2n) region, CENDL-3.2
0.9
823 shows an overestimation at small

400 500 600160 260 390 520 650 angles in the high-energy part, and an

overestimation at small angles but

3
2
;g underestimation at large angles in the
9

) i
Bad i low-energy part.

\
300 400 500 600160 260 390 520 658'5

——1 m2n) T/ (ngel)
Good consistency observed across different thicknesses at the same angle.
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Analysis of Evaluated Data for Be

(n,2n) Reaction Cross Sections
0.7 r T . ; . | .
Be(n,2n) ——CENDL-3.2 |
- - ENDF/B-VIILO |
' —— JENDL-5
—— JEFF-3.3
0.5 . """""" =
g ¢ f M
E 04f
i 03 |
g
o
0.2 |-
0.1
0.0 1
0 5 10 15 20

Energy (MeV)

(DJEFF-3.3 is notably low in the (n,2n) region.
@Al libraries underestimate low-energy, large-

angle results.

Elastic Scattering Angular Distribution

of 14.5 MeV Neutrons on °Be

1.000 +:=

do/dE(k/sr)

0.010 [

1 E.ARAI(1971)20265002,(Ei~14.5)
M.HYAKUTAKE(1969)20271002,(Ei=14.1)

F.Merchez(1966)2
A.Takahashi(1987)22

7010,(Ei=14.1)
75210,(Fi=14.1)

D.M.Drake(1977)10678002,(Ei=14.2)

eR4dPp 004

L.F.Hansen(1985)12935002.(Ei=14
Wan(1991)32516003,(Ei=14.7)
CENDL-3.2

= — ENDF/B-VIILO
— JEFF-33
————— JENDL-5.0

20 40 60 80 100 120 140 160

(DSmall differences among libraries;
@overestimated at small angles, underestimated

at large angles.
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Zr Experimental Results Analysis (CENDL-3.2)

1.4 :
1.2 i l = 12cm 12cm
L ? . " 18cm 18cm
18 iﬂ Ti 51;.,".'11:1" ’ i ::1?{;
0.8 [ i‘ﬁ 24 s
0.6
14 % }; 73°/79° * 6cm + 101°/107°+ 6cm
12 } 12cm _ % * + =  12cm g
- ) j v+ 18cm g i : + 18cm B
r3 (emEnEEgEn SRy Z : B o4 ] T T
0.8 F AR i; - P —
0.6 - -
' :Y: - T+ T -
L4 -%; i * 119°/122° «  6em T ] ﬁﬂ 133° *  6cm s
I = 12cm 1 *  12cm
12 i TR : B '
1_0 lllllill e : S T, A N 0T : iL
0.8 | '
0.6 - -1 -

Time of flight/ns

400

500 600

> 13.4-16 MeV, (n,el)

C/E values increase with angle.
Lower at small angles;
higher at large angles.

» 10.6-13.4MeV, (n,inl)D

C/E values are mostly above 1 and
remain consistent across angles,
with a slight rise from 122°
onward.

> 4.0-10.6 MeV, (n,inl)C

C/E values slightly increase with
angle.
Shows stable angular behavior.

> 0.8-4.0 MeV, (n,2n)

C/E values are stable with angle.
Overall magnitude is relatively low.

=B
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Analysis of Evaluated Data for Zr

» Elastic Region

— - CENDL-3.2 performs best at small angles,
Angular Distribution of 14.5 MeV while the other libraries overestimate.

Neutrons on Zr At large angles, all libraries tend to
overestimate.

5x10°

CENDI-3.2

2sae SR > Discrete-Level Inelastic Region

(a) — — —ENDF/BVIILO £ (b) o JEFFA3
— — JFFF-33 E i
o™ - s .

A

4x10~ |

Significant differences exist. ENDF/B-
VIII.O tends to underestimate, while the
others generally overestimate across most
angles.
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) e Moo s 20 A experimental results. CENDL-3.2 and JEFF-
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Bi Experimental Results Analysis (CENDL-3.2)

47deg T
5cm T
10cm wT
15¢cm "1

58deg

5cm
10cm
15cm

» Elastic Region

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

> Discrete-Level Inelastic Region

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

» Continuous-Level Inelastic Region

w
)
13:;degI I b
= 5cm s
e 10cm .
15cm 1
o
0020160 200 240 280 320 360 400 440 480 520 560 600 640 160 200 240 280 320 360 400 440 480 520 560 600 640
Angle (deg) : TOF (ns) -
(n,el) (n,n")discrete (n,n')continuum (n,2n)
47 132~156 160~172 176~216 220~608
58 132~160 160~172 176~216 220~616
73 132~160 164~176 180~220 224~624
107 140~160 164~176 180~224 228~636
122 144~164 168~180 184~228 232~644
133 148~168 172~184 188~232 236~652

Accurate at small angles (47° , 58° ),
slightly overestimates at 73° , and more
significantly at large angles.

» (n,2n) Region:

Systematically underestimates across the
entire energy range.
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Analysis of Evaluated Data for Bi
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» Elastic Region

CENDL-3.2 provides best
agreement across angles.

> Discrete-Level Inelastic

JENDL-5 is best at large
angles; JEFF-3.3 performs
well at small angles.

> Continuous-Level Inelastic

JEFF-3.3 is most accurate
overall; CENDL-3.2 performs
well at 58°

» (n,2n) Region:

ENDF/B-VIII.0 shows best
C/E match; JENDL-5 is more
consistent across the full
range.
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1. Upgrades to the experimental platform significantly enhanced
measurement accuracy and reliability.

2. In this work, the validation of the evaluated nuclear data for Be/Zr/Bi was
performed.

3. The theoretical calculation was carried out by MCNP code using the
evaluated nuclear data of the CENDL-3.2, ENDF/B-VIII.0, JENDL-5
and JEFF-3.3 libraries. From the comparison, some discrepancies in
different energy ranges are found.

4. In conclusion, the evaluated data of four libraries need to be improved as

required in different energy ranges.
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