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National
Electrostatics

T+R : Turbo molecular pump
+ Rotary pump

Q : Quadrupole Magnet

S : Steering magnet

G : Getter ion pump

FC : Faraday cup

A : Analyzing magnet

Beam profile monitor
\

Time pick off unit "\

Nal(T1)
detector
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® ’Li(p,n)’Be RIGICKDHFEFFHEE., Q=-1.644 MeV, E;,=1.880 MeV
® keVIFRILF—DHMEFEFRE
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Li(p,n)"BeRISDHIS E — 15
E,~ 550 keV. #EX

Li it
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LELMERSS

E =2 - 100 keV
Li

Proton

T

Proton

E, < 1.921 MeV

T

1.88 2.4 E, (MeV) 4



Normalized Neutron Spectrum (/keV)
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138Ba in s-process

o N=82Fh 14 FEEZILIE

13gBa’ 139La, 140Ce’ 141Pr, 142Nd

° 1388a
SERRIZBITEHRMLRYY
o WTETEA/NILY

S-process
path

134CS | 135CS




Sample

Ba-138 sample

Chemical form BaCO,
Physical form Powder
Chemical purity 99.995 %
Net weight (Ba-138) | 29.84 g
Diameter 56.2 mm
Thickness 12.7 mm

Isotopic composition

Heated at 150 C
for 6.5 h.

Encased in a graphite
container

Graphite containsr/"/_

Ba-130 | Ba-132

Ba-134 | Ba-135

Ba-136

Ba-137

<0.01% | <0.01%

<0.01% | 0.02%

0.02%

Measurement time
Ba-138 Au Blank
63 h 2 h 6 h

Ba-138
<0.16% |ReLoh:0i)
1388a
//’—\\\
—) !Blank;
\ R4



Gamma-Ray TOF Spectrum
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2D spectrum of TOF vs. PH

12000 15 — 19 keV
19 — 23 keV
SO 23 — 33 keV
10000 |
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Background subtraction (23 - 33 keV)

100000 ¢ | T | | s
: Foreground —— 1
K-40 Background ——— 1
Ba-139 ground
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100 3 E
: The difference is 5
: Ba-138 capture | Fe(n,y)>Fe
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Net pulse-height spectra

Gate 3 From 3/2- to 7/2-, E2 transition is required.
If it is E1 (5/2* — 7/2°), D-wave resonances exist.
500: [ 1st 3/2- o 800 I i
anl HH L ol ﬁ 1 Gnd 7/2-
; 17 U{LH L‘ ok ﬂﬂ i i
200 I Ll‘l P Gnd 7/2_ - JJULI'LUILLHR 1st 3/2' H

e L 1T T A

Capture State

L © 1 0 1 0 1 ?
J 12+ Y2 32 12+ Y2 32 12+ U2 32 ?
1 15-19 0 0 0 0 1 0 0 0 0 0
2 19 - 23 0 0 0 0 1 1 0 0 0 2
3 23-33 1 1 1 1 2 3 1 1 1 6 3/2- | 0.627
4 33 - 40 0 0 0 0 2 2 0 0 0 1 '
5 40 - 65 2 1 5 6 0 6 2 1 5 9 7/2- 0
6 65 - 80 1 1 1 3 0 3 1 1 1 6

139Ba 15



S.F. Mughabghab, Atlas of Neutron Resonances, 2006

E, {ka‘u’:l J [} gr, (ev) I".Ir (maV) gl"ﬁ {me¥) gr.{ (meV) gl T (meV})
—ﬂ.l?TJ 172 0 (55) 555.6
0.648 1 0.0050+ 0.0002 129 4.91% 0.14
1.948 | [a/21 1 0.101 + 0.008 29 £10 500 a7 1
2 1 0.8 + 0.1
4.704 | (/21 1 0.81 % 0.06 32 £ 3 1080 31 %1
7.876| 12 o 6.172 + 0.053 87 £ 5 69.6+ 0.6 66 2
g.018| [1/2] 1 0.36 = 0.04 39 + 2 160 35 £ 2
14.01 | [3/2] 1 0.57 = 0.08 33 + 2 150 59 3
Gate 1 19.65 45 + 2
19.86 62 + 3
23.39 73 z 8
23.54 13 =+ 2
2419 | [8/2] 1 6.71 1 0.34 24 £ 3 802 48 £ B
Gate 2 26.17 39 +3
29.19 60 % 4
29.81 7 +2
30.78 1/2 o | 207.2 % 2.1 54 20 1180 % 1% 64 20
s1.21 | (1/2) 1 3.66 =+ 0.54 265 £ 3 290 25 + 3
__32.58 4 =1
Gate 3 34.489 !
40.18 arz 1 B9.6 + 3.4 35 +12 5180 89 24
42,89 33 0+ 4
43.74 32 +40
47.42 2 + 3
47.53 64 + 6
48.66 34 % 4
48.49 | (3/2] 1 6.1 +£ 1.3 a0 + 3 263 68 % 6
50,34 172 0 | 2702 t4.2 28 £14 1204 t 19 28 +14
Gate 4 50.35 73 t10
53.25 | (ar2l 1 12 t 2 24 % 3 470 47 t B
54.94 20 t 5
§5.19 | (1/2] 1 42.8 4 3.2 21 £ 5 1690 21 t 6
58.92 218  £16
59.34 1z 0 73.2 3.6 53 %18 300 % 15 53 18
60.67 | [3/2]1 1 11.0 £ 2, 30 & 4 160 |
61.4 B2 t 8
62.77 3/2 1| 114.4 t 8.4 31 14 3550 61 128
66 .66 10 4
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Analysis for capture cross section

[

Capture

Yield

PH | [ )
Nal(Tl) —» Spectra PH{VT ]
Monte Carlo I l Requnse I Weigh’Fing
Simulation Functions Function
197Au(n,y)
Cross Section
6Li-Glass Number of
Detector Incident Neutrons

Corrections

e Self-Shielding

e Multiple Scattering
e Impurities

Capture
Cross Section

17
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Comparison

Cross Section (b)

Spectrum averaged cross sections were calculated for ENDF/B-VII.1,

JENDL-4.0.

The Beer's experiments give only capture kernels. Average cross sections
were calculated from resonance capture areas.

0.01
' ENDF/B-VIL.1 spec. average Neutron spectrum
o JENDL-4.0 spec. average ———
5 Beer (1997) spec. average ———

0.008 _%— | | Present B I

0.006 _E,,_ O'm_

0.004 _-—|—;— ........ -

0002 _ ............................... | -

0 i ; .
0 20 40 60 80 100

Neutron Energy (keV)
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Evaluation cross sections

(mb)

Cross section

Instead of adopting resonance parameters, ENDF/B-VII.1 used background

cross sections to reproduce the previous activation measurements.

100000 . ;
JENDL-4.0 —
10000 ENDF/B-VII.1
1000
100

10 |
I
0.1 KJ , UUI |

0.01

10 100

Ener (keV)
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187Re/1870Os Nucleo-Cosmochronometer

+ Re-187 is primarily considered to be created only in the
r-process. Re-187 has a long half-life of 43.5 Gy.

+ Decay of 18’/Re to 1870Os can be used to determine when
the r-process occurred (cosmochronometer).

"\, B-decay (43.5Gy)

90.6 h » r-process

IH%HII\

™ r-process,

S-process




Isomer State of 186Re

The s-process can reach 8/Re through an isomer state of
186Re_

1860s Bd 1870s Ed 18805 B
e
Sﬁ—% 2.0x105 y
—T . 9064h
186
0+ %c '76Re gt \ \
1 86W 6.9% 93 1%
4 Q5816 186Re
Q, 1069.5 o+ 2.0x10"0y
' 1860
Sq
76 d 186mRe
2x10°y

185\\/

S-Process =p
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Isomer/Ground Ratio in18°Re(n,y)'8¢Re

To use 18’Re as a cosmochronometer, the isomer
production ratio in neutron capture of 18°Re is necessary.

The isomer/ground ratio is 0.54 = 0.11% at the thermal
energy (Hayakawa 2005).

Theoretical calculations
predict that the ratio
Increases with the
Incident neutron energy.

Experimental data of
the ratio in keV energy
region is important.

T. Hayakawa et al., ApJ. 628, 533
(2005). 1
é Present experiment

—— Calculated (I(E3) adjusted)
ooooooo Calculated (LDP adjusted)

—h
<

1072

isomer/ground ratio

1T 1 171 | AR 11 B
10°10710°10°10*10°10%107" 10°
E(MeV) 24




Present Experiments - Goals

+ To measure neutron capture cross section of 1¥5Re using
both the TOF and activation methods.

+ To compare results from the two different experimental
methods.

Neutron — -
capture Om Otot Gg nd
185Re+n » Capture State
v
Prompt y-rays v Activation experiments:
Decay y-rays detected.

149 keV Partial cross section to
ground state of 1%°Re o,

= 90.6 F Wecayﬂ/
TOF experiments: 137 keV

Prompt y-rays detected. V)
Total capture cross section oy 1860 25




Activation Experimental Setup

Pulsed Proton Beam

T —

L

Sample

Li target ﬁLi—gIaas
- \ /\leutron Detector

— Sample

Mylar film(12 u m)

[ —

Au(disk) Rhenium (powder)

9680

Irradiation : 24 h
Measurement : 1 week

E‘J —

- Measurement

20

300

Shielded HP Ge detector
Type: Coaxial
Diameter: 59.1 mm
Length: 59.8 mm
Energy resolution:
0.85 keV @ 122 keV
1.85 keV @ 1.33 MeV

26



Pulse Height spectrum with HP Ge
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Capture Cross Section

Cross section (mb)

4000 ¢
3500 g
3000 g
2500 g
2000 g
1500 E
1000 §

500 f

[
N
%
[mn]

I I I E
Macklin,et.al.(1957) —e— J
Stupegia,et.al.(1965) —&— 3
Anand,et.al.(1979) —&— 3
Chaubey,et.al.(1966) —— {
Friesenhahn, et.al.(1968) —e&— 1
Bergman et.al.(1971) O 3
Tan et.al.(2011) —— 3
This work(TOF) —&— 7
ENDF/B-VII.O 3
JEFF-3.3 ]

This work(Acti) —&— —

R

10 20 30

40 50 60 70

Neutron energy (keV)
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PHYSICAL REVIEW C 91, 037603 (2015)

. . 2 .
Misassigned neutron resonances of '**Nd and stellar neutron capture cross sections

Tatsuya Katabuchi,'*” Taihei Matsuhashi,'-! Kazushi Terada,'> Masayuki Igashira,! Motoharu Mizumoto.' Kentaro Hirose.’
Atsushi Kimura.? Nobuyuki Iwamoto.? Kaoru Y. Hara,> Hideo Harada,? Jun-ichi Hori.* Takashi Kamiyama.® Koichi Kino,’
Fumito Kitatani.” Yoshiaki Kiyanagi.*** Shoji Nakamura,? and Yosuke Toh?

! Research Laboratory for Nuclear Reactors, Tokyo Institute of Technology, Meguro-ku, Tokyo 152-8550, Japan
2Japan Atomic Energy Agency, 2-4 Shirakata Shirane, Tokai, Ibaraki 319-1195, Japan
3 Faculty of Engineering, Hokkaido University, Kita 13 Nishi 8, Kita-ku, Sapporo 060-8628, Japan
*Research Reactor Institute, Kvoto University, 2-1010, Asashiro Nishi, Kumatori-cho, Sennan-gun, Osaka 590-0494, Japan
(Received 26 February 2015; published 20 March 2015)

Time-of-flight spectra of the neutron capture events of '**Nd were measured using a spallation neutron source
at the Japan Proton Accelerator Research Complex. The first six resonances of '**Nd reported in a previous work
were not observed. The experimental results and cross-search of resonance energies in nuclear data libraries
suggested that resonances of the impurity nuclide '#'Pr have been mistakenly assigned as '#*Nd in the previous
experiment. To investigate the impact of the nonexistence of the resonances on the s-process nucleosynthesis
model, the Maxwellian averaged neutron capture cross sections with and without the misassigned resonances
were compared.

DOI: 10.1103/PhysRevC.91.037603 PACS number(s): 25.40.Ny, 25.40.Lw, 28.20.Np, 26.20.Kn

T. Katabuchi et al., Physical Review C 91, 037603 (2015)
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JENDL-40)

v

A S

[

1

2 I\NTA—A 142Nd & 141py

ET{{EIZ3 5 1.5keVETD6ARDEIE (L, Pr-141THAAIEEEN T LY, 1B E
DEEEM ., T DPr-14112K5ENDENI- 142 L TRIELTLE ST =,

Resonance energy of M2Nd (eV)

This work Resonance energy of *!Pr (eV)

- IT8.6F0.2 = I18.7F0.3 N
9235.040.2 X 235.240.3
. 636.440.6 x 635.840.5 )
- 056.8%1.0 5 956.8F1.0 N
1119+1 , 1119.541.0
. 148542 , 1484.041.5 )
168712 N
9431.042.4 ,
9528.5+2.5 O
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2 keVEL T DHEISN\TA—3: lE—DEIE

H. Tellier, Report Note No. 1459, Centre d’Etudes Nucleaires, France,
1971

60 MeV Saclay linac

NdD 7#% & D B K EME A Kl 2 F F
LR F I DUINTIEERE AL

73
'ﬁ%ﬂ%ﬁ#ﬁ Echan- . A 142 143 144 1451 146 148 | 150 | Quantité

tillon % | % % % % % (&)
| 142 Fa | 95,0} 2,7| 1,5| 0,3 0,3 o,1) 0,1 | 68,3 |
143 Nd 2,9 |83,2|11,8f 1,0] 0,9 o,t| 0,1 ] 30,0
144 Na 0,8} 2,2191,5§ 4,3| 1,2 - - 50,0
145 Nd t,0¢{ 0,9{ 7,9{70,8}18,8{ 0,4| 0,2 20,0
146 Nd 0,5} 0,5} 1,3 1,2}94,7| 1,6] 0,2 29,0
148 Na 1,11 0,9| 2,0} 1,1 3,5|89,4| 2,0] 40,0
150 Nd 1,2 1,0 2,2 1,1| 2,5} 3,5|88,5 | 20,0
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Discovery of a new low energy neutron resonance of 3Y

Tatsuya Katabuchi'*, Yosuke Toh”, Motoharu Mizumoto', Tatsuhiro Saito', Kazushi Terada', Atsushi Kimura?,

Shoji Nakamura?, Huang Minghui?, Gerard Rovira’, Masayuki Igashira'
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Abstract A new neutron resonance of %Y was discovered In recent years, demands of neutron resonance data
by time-of-flight (TOF) neutron capture experiments using a  increased in other research fields. For example, an advanced
pulsed neutron beam from a spallation neutron source of the =~ prompt y-ray analysis (PGA) combined with neutron time-
Japan Proton Accelerator Research Complex. The observed  of-flight (TOF) technique (TOF-PGA) has been developed
resonance energy was 19.7 eV that is much lower than the  [6]. The technique relies on a resonance database to increase

losiinect anaecsr (D L0 LAV Af tha aneasrione eannectad encn tha cancitiviitye nf analvicic nfteacn alamante Thoe thic annli

T. Katabuchi et al., Eur. Phys. J. A57, 4 (2021)
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138Ba(n,y) cross section in keV region

138Ba(n,y) reaction in the keV energy region is dominated by resolved
resonances.

Evaluated cross sections of 138Ba in keV region are based on resonance

analysis measurements.
JENDL-4.0 evaluation

100000 "ReZdVe'resonances
g 1000 3
_§ 100 e B I O 1) .a
o ]
g 10 IR FE D B A N
5 1

0.1
0.01

AT

1 10 100 1000
Energy (keV)
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Previous measurements in keV region

o Resonance parameters

Beer et al. 1997
Brusegan et al. 1994
Mizumoto et al. 1988
Musgrove etal. 1978
Bilpuch et al. 1961

o Average cross section

Helil et al 2005
Beer et al. 1980

Geel Capture 0.65 — 200 keV
Geel Transmission 0.65 — 195 keV
JAEA Transmission 0.65 — 63 keV
Oak Ridge Capture 4.7 — 91 keV
Duke Transmission 31.7 - 192 keV
Karlsruhe KT =5 keV Maxwellian
Karlsruhe KT = 23 keV Maxwellian
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Present measurement

smaller cross section than resonance analysis.

capture process.

Source

Energy

Flight length
Time resolution
Energy resolution
Detector

Quantity

y-ray spectrum

Van de Graaf
Li(p,n)’Be reaction

15 — 80 keV
12 cm
3 ns
12% @ 30 keV
Nal(Tl)

Average cross section

O

The gamma-ray spectra can be measured.

Electron LINAC
(y,n) reaction

0.65 — 200 keV
28.4 m, 58.6 m
1ns
0.02% @ 30 keV
CsDs
Resonance area

X

The present method has less energy resolution but more sensitive to

Resonance analysis cannot measure a contribution of the direct

Electron LINAC
(y,n) reaction

0.65 — 91 keV
40 m
2ns
0.02% @ 30 keV
CsFs
Resonance area

X



Incident Neutron Spectrum

Neutrons/keV

0.025

0.02
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0.005
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Results

The 138Ba(n,y)13%Ba cross section was determined within

uncertainties of 7 — 10%.

15-19
19 - 23
23 - 33
33-40
40 - 65
65 - 80

5.61 = 0.58 (10%)
7.05 =+ 0.59 (8.3%)
4.09 = 0.32 (7.7%)
2.70 =+ 0.24 (8.7%)
3.45 =+ 0.25 (7.2%)
3.91 =+ 0.30 (7.7%)

Cross Section (b)

0.01

0.008

0.006

0.004

0.002

HH

20

40 60
Neutron Energy (keV)

80

100
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E

Table 2 R BB MDRTHEIE & RE

[b]

1.561 5.38
1.229 4.85
1.012 4.58
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