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Nuclear data and database for transmutation of long-lived fission
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Abstract
We promote the project “Nuclear Reaction Data Compilation” as a part of the
Impulsing Paradigm Change through Disruptive Technologies Program (ImPACT)
“Reduction and Resource Recycling of High-level Radioactive Wastes through Nu-
clear Transmutation”. Our activity in Japanese fiscal year 2017 is reported.
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e - a X /
B wwwicprg.org/exfor/Ele. X 13 www.jcprg.org/exf
Hokkaido University Nuclear Reaction Data Centre (JCPRG) B
. . EXFOR / ENDF - Search
< & 0 @ www.jcprg.org/exfo w H (7 Feb. 2016 Updated ~ [new data ] [feedback] [@ and A: Eng/ Jpn. 1)
ENTRY E2539 20171219 E253900000001
SUBENT E2533001 20171219 20180124 £25330010000] ¥ e <
BI8 1 39 E2533900100002 B [b ) bdvance]
TITLE Study of proton- and deuteron-induced spal lation E253900100003 (Use”, (sem‘cobn)forfl‘fcam?”? Casterisk) for widcard )
reactions on the long-lived fission product 8372r at E233900100004 Seaich | Example(1] Example2| Exampie(3| _Reset
ATHOR et ko Y03 i Rk, K01 £ a0 oonte
Kawase, K.Nakano, ¥.Matanabe, H.Mang, H.Otsu, = e —y
HeSakural , D.5.dhn, Wodikawa, T.ndo, S.raki, S.Chen,E259900100007 Tareet = porortem g heta)
N.Chiga, P.Doornenbal , N.Fukuda, T.Ische, 5.Kawakan !, Ezﬁaaumuuuue frolectie) P b RoGeR
T.Kin, Y-Kondo, 5.Koyana, 5.Kubono, V.Maeda, £253900100009 Emission selector (o il £ & xtn, n#n2e..)
&.Makinaga, M.Matsushita, T.Matsuzaki, . Mlch\masa, E253300100010 Residual selector (f-56, 56..)
5.Moniyana, 5.Magamine, T.Makamura, M.Niikura, E253300100011 Quantity selector (GSDA,..)
T.0zaki, A.Saito, T.Saito, V.5higa, M.Shikata, E233300100012 Energy (eV) (10e-520e+7)
Y.Shimizu, S-Shimoura, T.5umikama, P.Soderstrom, E253300100013 Data No. (10468£1901002,..)
ﬂ-ﬁuzgkti, H'-ATakeda, S\-’Twak?uchli), RQTWiuchi,TV\:Taganf, Egggggg}ggg}g
-Tsubota, M-lUesaka, V.%atarabe, K.Wimmer, T.Yamamoto, .
V. Yaoshida £053900100016 Horrzomd(') MASS selector (ENEN-CM,.)
INITITUTE  (SJRMRYU) Department of Advanced Enerzy Engireering  EZ53300100017 el )
Sciences E253300100018 Vertical DATA selector (DATA DATA-CM_)
(2JPNIPC) Hishina Center E253000100018
ngPNHCK% Faculty of Science EQSSBDDWDDD%D Pub. Year celector (1988:1950) o

M 1: EXFORERD 7 7 1)L (E2539) X 2: EXFOR #ZEY 1 k
(http://www.jcprg.org/exfor /E/e2539.txt)  (http://www.jcprg.org/exfor/)

e - o X
H JCPRG EXFOR/ENDF
€ C O |©wwicprgor: *
0.1
S.Kawase ef al . (2017)-E2089.,015 +
| NRF | EXFOR | CINDA | ENDF | English | Japanese | Internal e I
o SKauase et al. (2017)-£2539.010 5
Hokkaido University Nuclear Reaction Data Centre (JCPRG) ® * N ;-:E“‘ESE ?E a: -mggf’;:ggggg-ggg .
EXFOR / ENDF - Results « o Hawaze €t al TEAG :
(EXFOR: 12 hits, ENDF: 0 hits) - * v
Plot|  Author |Year|Inc. energy (eV)|Work|Type| Reference [Library| pata 1D * s
< |(1-H-2(40-ZR-93,X)ELEM/MASS,,SIG)=(40-ZR-93(D,X)ELEM/MASS,,SIG) .01 | + P n * 3" &
1 [S.Kawase et al.[20171.0e+08[1.0e+08[Expt [Jour [PTEP,2017,093D03,2017|EXFOR [E2539.013] * ¥ + % ¥
2 [s.Kawase et al.[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017[EXFOR [£2539.012 R +
3 [s.Kawase et al.|[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017[EXFOR [E2539.011 H b 4
4 [s.Kawase et al.|[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017[EXFOR [E2539.010 g
5 [s.Kawase et al.|[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017[EXFOR [E2539.009 =
6 [s.Kawase et al.|[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017EXFOR [E2539.008 ]l EI’
*|(1-H-1(40-ZR-93,X)ELEM/MASS, ,SIG)=(40-ZR-93(P,X)ELEM/MASS,,SIG) 0.001 |
7 [s.Kawase et al.[2017[1.0e+08[1.0e+08[Expt [lour [PTEP,2017,093D03,2017EXFOR [E2539.007
8 [s.Kawase et al.[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017[EXFOR [E2539.006
9 [s.Kawase et al.|[2017[1.0e+08[1.0e+08|Expt [Jour [PTEP,2017,093D03,2017EXFOR [E2539.005
10 [S.Kawase et al.[2017(1.0e+08|1.0e+08[Expt [Jour [PTEP,2017,093D03,2017|EXFOR [E2539.004]
11 |S.Kawase et al.[2017(1.0e+08|1.0e+08|Expt [Jour [PTEP,2017,093D03,2017|EXFOR [E2539.003]
12 [S.Kawase et al.[2017]1.0e+08|1.0e+08|Expt [Jour [PTEP,2017,093D03,2017|EXFOR [E2539.002]
Feel free to inquire anything (web service, contribution to databases etc.): = 0.0001 oy 7‘3 Blo 3‘2 a‘n és ;a ;0 9'2 w

[ 3: 937Zr DERKER [ 4: BRERHKER D 5

R U - W

2.5 BT —IBEFEDOHR

Fx DTN —TPREL ZHAAEHBHEONE FHE (Thick-Target Transmission i (T3 #) )
[3] iIZBIL T, Frag Data 2\ PHITS4] OY I alb—Ya v, T —23E 607z 07Pd &
VO BZr 12D WTENEL 72,

3 F&o
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ARDBAFE, (4) MK - MY 2T LR KR OT A b, (5) & R KIET — XS TEDH 5
IHHZHY U7, ARETIE, ZTNSDOIHEEIZDWT 2017 FEEO S 2 & L 72,

i

AHFFEIL, SRERIZLEAM -1 /) R—=2 a U 2EDPFET 5 FIsEbRiEE 70 2 4 (ImPACT)
D—EELUTEBLZEDTT,

S 3k

(1] HFHZERTE 71 2 Z L (ImPACT) TRAZAHIZ & 2 & L AV YEFEEY) O KIE 72K - &
Jfk) (BEHPR 77827 I L2 —Y ¥ —) | http://www.jst.go.jp/impact /program /08.html

[2] S. Kawase et al., “Study of proton- and deuteron-induced spallation reactions on the long-lived
fission product *3Zr at 105 MeV /nucleon in inverse kinematics”, Prog. Theor. Exp. Phys. 2017,
093D03

[3] M. Aikawa et al., “Thick-target transmission method for excitation functions of interaction
cross sections”, Nucl. Instr. Meth. B383 (2016) 156.

[4] T. Sato, et al., “Particle and Heavy Ion Transport Code System PHITS, Version 2.52”, J.
Nucl. Sci. Technol. 50 (2013) 913.
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| Reaction Data Reference

Projectile  #  Reaction Reference Data.ID#
Gamma 0(1) 107Pd(y,ABS) Theo: 3D Skyrme Cb-TDFHB 107PdSE.01
Neutron B 107pd(N,y)108pg ) Korean Phys. Soc. 59 (2011) 1773 23140.006,
( Nucl. Data Sheet 119 (2014) 143 ) 23140.004
3. Nucl. Sci. Technol. 44 (2007) 103 14133.002
Book: Atlas of Neutron Resonances 2006 V1001455,
V1001.457
At. Data Nucl. Data Tables 76 (2000) 70 V0102.197
Nuclear Science and Engineering 89 (1985) 79 12874.003
Proton 1 107Pd(p,x) Prog. Theor. Exp. Phys. 2017 (2017) 021001 £2518.002-009,
£2518.018-023
Deuteron 1 107d(d,x) Prog. Theor. Exp. Phys. 2017 (2017) 021001 £2516.010-017,
E2518.024-029
“He 0 - - —
12¢ 0 - - —

X 5: 9Pd O MISIZET AT — X —E

deuteron # Projectile
107Pd  # Target
4 # Energy bins of projectile
25. 50. 100. 200.
0 0 0 0 0
12 # Energy bins of outgoing particles

110, 20. 30. 40. 50. 60. 70. 80. 90. 100. 150. 200.

-15 # Angle bins of outgoing particles
. 5. 100 15. 200 25 30. 40. 50. 60. 70. 80. 90. 120. 150. 180

T2 # Outgoing particles
neutron proton deuteron alpha
107hz 106Az 105Ae 104Ag 103Ag
102Ag 101Ag 100Ag
106Pd IOﬁPd 104Pd 103Pd 102Pd
101Pd 100Pd 99Pd 98Pd
106Rh 1058h 104Rh 103Rh_102Rh
101Rh 100Rh 99Rh 98Rh 97Rh
96Rh 95Rh
104Ru 103Ru_102Ru 101Ru 100Ru
99Ru 98Ru 97Ru 96Ru 95Ru

94Ru
99Tc 98Te 97Tc 96Tc 95Tc

7: 07Pd4d KD Frag Data A 15— &

D REFHHB I

#
5
5
5
:
3. 8700E+00 3. 2918E+00 2. 2628E+00 1.4715E+00 1. 0887E+00
3
4
2
3
4
1

| rReaction Data Reference

Projectile #  Reaction Refeference Data.ID#
Gamma  0(1) 93Zr(y,ABS) Theo: 3D Skyrme Cb-TDFHE 0932rSE.01
Neutron 8 03Zr(N,y)e4zr Phys. Rev. C87 (2013) 014622 23194.000
J. Nucl, Sci. Technol. 44 (2007) 21 14132.003
V1001.374,
Book: Atlas of Neutron Resonances 2006 (NEUT.RES) ~ V1001.375,
v1001.376
At. Data Nucl. Data Tables 76 (2000) 70 V0102.163
Semiannual Progress Rep. ORNL 1879 (1955) 50 11885.002
(Resonance prop.)  Nuclear Science and Engineering 92 (1986) 525 12023.002
(Resonance prop.) Astrophysics and Space Science 115 (1985) 71 12915.002
(Resonance prop.) Semiannual Progress Rep. ORNL 2610 (1958) 22 12012.003

proton 1 93zr(p,x) Prog. Theor. Exp. Phys. 2017 (2017) 093D03 £2539.002-007
Deuteron 1 93Zr(d,x) Prog. Theor. Exp. Phys. 2017 (2017) 093003 £2539.008-013
“He o - - -
12¢ o - - -

X 6: BZr ORIIZET AT — X —

I

DDX @ 100 MeV :

. 3665E+00 5. 3551E+00 5. 3819E+00 5. 3317E+00 5. 3412E+00
. 4185E+00 5. 3056E+00 5. 3739E+00 5. 3655E+00 5. 2843E+00
. 3035E+00 5. 2360E+00 4. 9690E+00 4. T074E+00 4. 5604E+00

. 1814E+00 5. 4023E+00 5. 2226E+00 5. 4458E+00 5. 6140E+00
. 6628E+00 5. 6984E+00 5. TGI6E+00 5.5922E+00 4. 8865E+00

proton

. 9085E+00 4. 0135E+00 4. 1814E+00 4. 2978E+00 4. 3449E+00
. 3847E+00 4. 5728E+00 4. T088E+00 4. 3900E+00 3. 3198E+00
. 3053E+00 1. T058E+00 1. 0732E+00 5. 1120E-01 3. 0667E-01

. 6989E+00 3. 6757E+00 3. 8328E+00 3.8677E+00 4.0172E+00
. 1810E+00 4. 3391E+00 4. 4333E+00 3.5216E+00 2. 4014E+00
. 5946E+00 1. 2081E+00 6. 7806E-01 2. 8592E-01 1. 6333E-01

4. 1631E+00 4. DOGOE+00 3. B600E+00 3. 9231E+00 4. 0206E+00

A ATEEC.AA 4 ASATELAA 9 0AANE.LAN A EARIE.LAA 1 EAOTC.LAM

. : 0TPd+d KJED Frag Data A 15— &

EY0 W R 40

WUt x

< C O | © wwwjcprg.org/impact/searchhtrm | i

Reaction Data for Long Live Fission Products

ImMPACT: Reduction and Resource Recycle of High Level Radioactive Wastes with Nuclear Transmutation

HOME 79Se 93zr 107pd 135Cs To Japanese ver.
[ssarchl| _ Reset

Search

Target ®79Se 93zZr 107pd 135Cs

Projectile v n P d a

Quantity Cross section ® All

Axis (option for plot)
Horizontal axis Energy (Lab) Energy (CM)

Database (option)

EXFOR ®include O exclude

& Wrpreaciondaa %

€ C O [® wwwicprgorg/impact/work/search- 184.hto PR

Reaction Data for Long Live Fission Products
IMPACT: Reduction and Resource Recycle of High Level Radioactive Wastes with Nuclear Transmutation

HOME 79se 93zr 107pd 135Cs To Japanese ver.

(EXFOR: 46 hits, ENDF: 0 hits)

Inc. ener

Plot Author vear o 9 Work Type Reference Library Data ID
46-PD-107(N,TOT),, WID (Resonance width)

1 R.LMacklin 1985 0.06+00 0.06+00 Expt Jour NSE,89,79,1985 EXFOR 12874.002 3

46-PD-107(N,G)46-PD-108,,SIG,, MXW,RECOM (Cross section- Maxwellian average-
Recommended data)

2 S.FMughabghab 2006 0.0e+00 0.0e+00 Expt Book NEUT.RES,,2006 EXFOR V1001.457

3 z.v.Bao etal 2000 0.0e+00 0.0e+00 Expt Jour AND,76,70,2000 EXFOR V0102.197
46-PD-107(N,G)46-PD-108,,SIG,,AV (Cross section- average)

4 R.LMacklin 1985 3.0e+03 6.0e+05 Expt Jour NSE,89,79,1985 EXFOR 12874.003
46-PD-107(N,G)46-PD-108,,S1G,,,CALC (Cross section- Calculated data)

5  S.FMughabghab 2006 2.5e-02 2.5e-02 Expt Book NEUT.RES,,2006 EXFOR V1001.455
46-PD-107(N,G)46-PD-108,,RI (Resonance integral) -

9: KV 1 b

X 10: MERHRE R
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