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Progress of ND measurements in the following
Institutes are collected
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China Institute of Atomic Energy

Highlights in 2018

1. Measurement of (nf) and (n,2n) Cross Sections of
Actinides with the Surrogate Capture Reaction
Method

2.  Measurements at CSNS
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Surrogate Capture Reaction Method

o {(E,J7) = 6°N(E,,,J™) X P,(E,J")

a Peripheral reactions, transfer or inelastic scattering like (t,pf), (d,pf),
(a,0’f), (*80O,100f) ..., are used as the surrogate reactions, where the
angular momentum and parity (J™) involved in CN are different to
that of direct neutron reaction in general.

& |n most cases, J” plays a major role, which gives rise to the
difficulty in theoretical correction.

& Considering this, we propose the capture of light charge-particle
(p, d, t, SHe, o ...) as a surrogate reaction.

Example: 2°5U(a,2n) — 2%°Pu(n,2n)
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¢ J differences in n and o reactions are less than 27 in 2n evaporation
window
e T have little differences if J are similar for both capture reactions
e |t reduces the difficulty in J™ correlation




Test: 232Th(a,2n)—>2%°U(n,2n)

& Experiments were performed at HI-13 tandem accelerator at CIAE, Beijing.
< Angular distributions of elastic scattering and fission were measured by Si detectors.
= Energy range: 15 — 36 MeV, total of 15 points.

0.1 mg/cm2 232Th + 2 um Al backing a+?3°Th, E ,, = 25 MeV, 4, = 131.1°
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Angular Distributions

a+232Th
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Results of #3°U(n,2n)

232Th(a f) —> 232Th(oc 2n) - 235U(n 2n)
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236 Targets

Counts

High purity 236U (radionuclidic purity > 99.99%) was electrodeposited on Al backing.
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@ 10 png/cm? 23U + 2 um Al backing (2 pieces for online measurement)
& 1-2 ng/cm? 236U + 2 um Al backing (18 pieces for irradiation & offline measurement)



Step 1: Online Measurements

Elastic & fission — HI-13 tandem accelerator, R60 scattering
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Fission Angular Distributions

saddle-point transition-state model:
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o Activities

o. activities measurements (last 1-2 years)
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e The o decays from 238Pu are clearly identified.
e The 238Pu yield increases with energy increasing.




239Pu(n,f) & (n,2n)

236(a1,f) & (a1,2n) = 239Pu(n,f) & (n,2n)
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* Excitation functions of 23°Pu(n,f) &(n,2n) are successfully obtained by the SCRM.




2. Measurements at CSNS

1. (nY) measurement with C6D6
69Tm, 93Nb, 35U data collected
Data analysis undergoing.

2. Test measurement of Fe(n,ny).



First HPGe experiment
at CSNS

ES#2, Double bunch , February,2019.
TOF to determine the neutron energy.

CLOVER and LaBr3. 125°

natke target : ®@40X3mm.

N N X X

Experiment |
site

Relative to >2Cr(n,n’y).

Preparation room

" \BaF4 / HPGe
detector

CsDs Detector
Fission chamber

Collimator 2

Collimater 1 =

‘Prompt fission neutron
, cross section detector
Nuetron beam window

~Beam tube
Shutter



ture

TOF spectrum.

|Double Bunch
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preliminary result !!!

v’ Compare the yield ratio of Fe-847keV and Cr-1434keV with the result of
GELINA.

normalized yield ratio = cross section ratio
v' The agreement is acceptable.

v Theratio is consistent . The Shape is similar. :> Our system is reliable!
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6Li(n,t)*He
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56.54Fe(n, a)>3°1Cr Cross Sections in the MeV Region

* (n,a) reaction cross section measurement in the 5.0-11.0 MeV region
for 54Fe and 56Fe

“'Fe “'Fe
N/ Deuterium
A/ gas target
BF; long *I : [—
counter Deuteron
] beam

Twin gridded
ionization chamber
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56.5. 33.5 . . . .
53 Fe(n, @)™ Cr cross sections in the MeV region
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the 1st measurement at CSNS, Back-n: °Li(n, t)*He

Three kinds of detectors: Silicon, AE-E, GIC

8 + 7 = 15 silicon detectors (19.2° ~ 160.8°)

AE-E detsclor #3 | AE-E detector #2

Left side silicon detectors: / |
eight detectors L1~L8 6
I8 .~ samples
neutron beam A R1/

' / Right side silicon detectors:

| / sevent detectors R1~R7
i /
vacuum chamber | ‘
0 \R7_-7 <7 AE-E detector #1
Grid ionization chamber |

The detector setup

—_——

The LiF sample



LPDA (Light-charged Particle Detector Array)
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Differential cross sections of °Li(n, t) change systematically
120
wE g BB FNR g F g o5 200 - - »
12000 fooo 1200 —Hi ‘1}_1_%‘ 1 wET Ty 2 En=5.01x10"2 MeV
. - S STRR - L -
Fn=1.00x10 MeV ~ 5 i RN e s e i 2§ z = :
& w0 En=100x10" MeV 5 w0l . 5 -‘EJ :
8000 - ENDF/B-VIILO g =] En=1.00x10"3 MeV g g
JEFF-3.3 ‘%-’ —— ENDF/B-VIILO = = w0l 60
Chen a0 JEFP-3:3 200 - ENDF/B-VIILD, % En=1.00x167221V % .
» Present s Chen 3 JEFE.3.3 = n N E — ENDEB-VIIN
- 3
4000 - b E Chen 3 _oNEERILo 0ol ,.]]::Fl:s
300 | 100 | u Present or -~ \JEFF-3.3 = A
- Clien
® Present
0 : : : : . . . . . L . . . . . . . . . . 0 ' . . . .
) 30 60 %0 120 150 180 % ") 50 % 12 150 180 o % o o o 0 0 o0 0 %0 o 0 o 50 0 30 60 %0 120 150 180
0 0
Bra (7) B (©) O ©) O ) Oar ()
. 600 [ —__ENDFBVILO .
10} —— ENDF/B-VIILO . ’ —— ENDE/B-VIILO —— ENDF/B-VIILO
P wp Fy=162x1071 Mev ERDEBAILO - JEFF33 - TEFFa3 o - JEFF-3.3
- } Clen - Vgh:“hn(“oo"j (0.20MEV) o Chen - -~~~ Chen
= Overley (1974) (0.0 MeV) |~ S S S - (071 M) ® Dovlin (2007) (0.2 Mev) o : = Devlin (2007){0:10 MeV)
® Present B oo} PN . 020 M) R gj"lm((?g’{) ﬂ;ﬁg) B2 Devlin (2007) (0.50 MeV)
Ep—1 00107 Mev | B » Oveticy (1974022 MeV) . S 2 & Devli(2007)(0.47 MeV)
a B + Bame (195) (020 MeV) £ o Qvede) (1974) (0,50 MeV)
- % Dislington (1953) (020 MeV) i Ep= 2.34x107! MﬁV E . #/“Present
S . o ‘ teg
) ] 3 - ; T
. S ] & ¥
30 ol !. % 1 * \.x-‘“r-r"i"'/' -
t g .
{ ' En=207x10"1 Mev % * »
B . . . N . . . . . . . . . .
o 30 60 S0 120 150 180 0 30 60 %0 120 150 180 DCI 30 60 20 120 150 180 ° 0 3‘0 6‘0 9‘0 1‘20 1;0 180 0 0 3‘0 G‘D 9'0 11‘0 15‘[) 18C
o o
Grap (°) Bran () Grab (%) OLab () O (©)
—— ENDF/BVILO ; ; ;
sofb — ——ENDF/B-VIILO _ - ENDE/B-VIILO 3L —— ENDFB-VILO w0t —ENDFBVILY
50 ::I;};i 33 w0 En=1.40 MeV JEFF33 Ep=1.80 MeV JEFF33 Fp =220 MeV JEFF-33 ) g:h:ﬂ
= Devlin (2007)40:25MeV) Chen 30 T Chen B b ] - Chen ; En=3.00 MeV = Devtin R007) (3.13 MeV)
[ - —_ ® Devlin (2007) (249 MeV) [ 1 = Devlin 2007) (L8 MeV) | _ = Devlin(2002)(2.28 MeV) = Dedin G007) Q.56 MeV)
or = o Devln(200D (141 Mev) | '3 hB 1T = Devlins2og7) (1L72MeV) | B © Deln(OE®MN) |4 .f & Dot 2007, 611 Met)
[} 4 Dol = & Daflia (OO7) (1 30MeV) |2 il 4 4415 & Defin2000) (LTI Mev) L 2> 4 Devlin(2007) 226MeV) |2 i P00TY(3.05 MeV)
7 w  Daylin (2007)(0.99 MaV) =) = ':‘_‘ S Mev. B L] E‘ B} Dl (2007) (1.90 MeV) | 2 - Devlin(2007) 2. 10MeV) | 5
30k =) & Bhallg (2006) (1.10 MeV) [=] 72 i/ (2007) (1.50 MeV) £ ol N % i S ) =) »lL 2\ Delin co07) 2 30M) | B
T[4 IT \ 'M'“" aeTgaoome) | I Oreney (1974 (130 MN) | o = A, Zhang (006) @25MeV) |
\ T § w0, ® Overley (1974) (1.40 MeV) i "
ol L : = s ®  Present % ‘%;*{ Br %
- L s a N = ~
ﬁ %’%T'%_l“?r 'S %‘ i -8 0| & Zhang 200351 85 Mev) ' "g o} '8
iju B 4 Oustey (L9747(1.70 MeV)
or Epn = 1.00 MeV 10 eEEE *  Ovellsy (1974) (1.80 MeV) [ » cMBatle(1986) (216 VEV)
i @ Presen ST 4 Perclygin (1960) (215 MEV)
& Present
0 . . . . . - . . . o o . . . . .
o 30 60 90 120 150 180 0 30 60 E) 120 150 180 o 0 a0 ) 120 150 180 ° 20 50 %0 0 150 10

9L.1b (0) 91-3'3 ® GLab ) eLab (O)



1OB(n, g)7

1 reaction

the 2"d measurement at CSNS, Back-n

« 2018 06-07
* Double 1°B sample
10B 90%, ~85 pg/cm? each, ¢50 mm
« Beam 357 h (¢60mm)
foreground : background ~ 2:1
« 20 kW Recorded Data 8TB
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and angle-integrated cross
sections for the 1°B(n,a)’Li
eaction in the neutron energy
ange of 1 eV <E, <25 MeV”
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ADS related nuclear data
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2018:
« “26.7 MeV/u *He + Be, C, W, Pb ” experiments for the neutron
energy spectrum measurements and angular distribution. (The primary
lons were stopped in the targets. (November 2018)

2019:

* “25-30 MeV “He + Bi” experiments for isotope production. (January
2019)

« “80.5 MeV/u °C + Be, C, W, Pb” for the neutron energy spectrum
measurements and angular distribution experiments. ( The primary
lons were stopped in the targets) (March 2019)

* “80.5 MeV/u °C + C, Cu, Pb, Au” (thin target) for the light charged
particles measurements. (March 2019)




‘He+299Bi— 21LAt experiments

 2lIAt can be used in alpha particle emitting targeted radiotherapy.
« 2LAt production experiments have been done based on ADS

targets




‘He+209Bj— 211At cross section measuremens

« 25- 27 MeV “He+29Bij experiments have been done.

Counts
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Fission cross section
measurement at CSNS by China
Academy of Engineering Physics
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Fast lonization Chamber for Fission Cross
Section Measurement (FIXM)

 lonization chamber: simple, stable, mature and fast
enough for current operation mode of CSNS.

» Electrons drift velocity (~60 mm/us), cross the 5-mm-gap
between the electrodes in ~80 ns.
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Basic principle diagram
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Gas composition Ar
(90%)+CF,(10%)

Gas pressure 800 mbar

Electric field 400 V/cm

Gap between 5mm

electrodes

Electrode 100 mm

diameter

Sample diameter 50 mm

Sample thickness

150-300 pg/cm?

Backing
thickness

100 pm(Al)
or 20 ym(Fe)

Sample uniformity

~5%




Fission Samples

* Fissile material was electroplated on metal
backing (Al or Stainless steel)

« Abundance: =su >99.98%), 238U (>99.99%), 236U (>99.9%), 232Th
(>99.9%)

= Gaussian Fit

| T s WA o U235 (4364-4597keV)

U234 (4722-4774keV)

« Characterization:
— Mass: small solid angle a-particle counting;
— Uniformity: a-particle imaging plate;
— Diameter: edge recognition of the a-particle image,;



U-238/U-235 relative fission cross section

Cross-section ratio between U-238/235
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» Cross-section ratio given by
ENDF/B-VIII.O is ~1.5% (in
average) different from
measurement
The difference is less than 5% in
effective energy range (1-20 MeV)
The measurement uncertainty of
the ratio is around 3%.

« The FIXM did a good job!

he steep cross section and poor

energy resolution in MeVs energy
range led a worse result.






