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Motivation

5% High-level radioactive waste
Spent fuel * Long-lived fission products
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Partitioning and transmutation

5% High-level radioactive waste
Spent fuel * Long-lived fission products
| recycling e.g. 13/Cs, 29Sr, 107pd, 937r...
>

e Minor Actinide

.‘1’. e.g. 244243 Am, 23/Np...
—_

MA (Np, Am) T k;ZP
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Transmutation study on LLFP nuclei

& <

° 137CS, 9OSF
Large radiotoxicity

Spent fuel
| recycling
‘1, > e 107p(g
.. Recovery of palladium metal
—> MA (Np, Am _ -1
(Np, Am) Nuclide | Half-life | (n, y)
[year] [b]
—> Platinum (Pt, Rh, Pd)
137Cs 30.1 0.27
—> Heat generator (Cs, Sr) 20Sr 28.8 0.01
107p(d 6.5x106 0.2
—> Remaining FP

Ref: Lecture by Dr. Oigawa, CNS summer school, 2015



Reaction study for LLFP at RIKEN

Inverse kinematics

e Proton and deuteron
* Different reaction energy

[‘b 2H (n and p)

%@, Reaction products

» S.Kawase, R226 (Sept. 14, Morus) ?3Zr
* K. Nakano, S441 (Sept. 15, Mozart) >Nb



Experiment

Radioactive Isotope Beam Factory (RIBF)
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Experimental setup

e FP (°°Sr/13’Cs/1%7Pd) beams production
* |dentification for products
Bp, AE, TOF, Total kinetic energy
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BigRIPS ZeroDegree

spectrometer




137CS

Projectile PID@BigRIPS

\_ ¥ T
a |

——
Atomic number Z

SRC

I Ll

2 7" - I"SI - ‘2.35‘ ‘ I;—l"I I ‘2.45‘ - I;..’.fi‘ ' Ji'_’.:'\i
~Mass-to-charge ratio

Atomic number Z

:\ * 1 -:ﬂ-l. r-'k-l':&.-

[
2.3

140,
138
1361
134F
132}
130

128

Mas'S r'ujr-nbe'r.:'é\'

126F & o

124f

I‘V’ -
bk (Lt

13

Mass-

Tagging

BigRIPS

o-charge ratio A/Q

133Cg

131Cs
130C554+

SN0 A S T U NS I G/ b Wt TS e CLOPY A |
2.25 2.30 2.35 2.40

“Mass-to-charge ratio A/Q

Ejectile PID@ZeroDegree Charge-state ID

55+

54+

b)

245

ZeroDegree
spectrometer



Isotopic distribution cross section

[‘i ’H (n and p)
@ 'H(p) " .
9% Reaction products
S LLFP beams . WQ
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Cross sections for 3/Cs on p and d
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HW, H. Otsu, H. Sakurai et al., Phys. Lett. B, 754, 104(2016).



SPACS
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Intra-nucleon cascade and evaporation by PHITS
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Cross sections for ?°Sr on p and d
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Comparison with PHITS

PHITS: Particle and Heavy lon Transport code System
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Cross sections for 107pd

g 10° | Ru (Z=44) - Te (Z=43) - Mo (Z=42)

— =g | 118 MeV.
g 10l : vv;;e '..'. 1F =.. v p@ - /u
-43 gvY i -v'ﬁ": e 8 ® p@196 MeV/u
O o0 g tl | $ B J@118 MeV/u
n 1F

m | T i

O 90 95 100 105 90 95 100 105 90 95 100 105

Mass number 4

04 at 118 MeV/u is similar to 0, at 196 MeV/u

HW, H. Otsu, H. Sakurai et al., Submitted to Prog. Theor. Exp. Phys.



Potential of spallation for LLFP transmutation |

d-induced
spallation reaction _ 1300
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Potential of spallation for LLFP transmutation Il

137C59135CS

Cross section | Half life [year]
135Cs 64 mb 2.3x106°
0Sr—>79Se

Cross section | Half life [year]

73Ge 1 mb 6.5x104




Total cross section for 197Pd

Cross section [barn]

Spallation |1
(n,y) 9.2

Transmutation rate depends on

Cross section and Flux



Summary

* Spallation reactions for LLFP nuclei using inverse kinematics at RIBF

* Cross sections on p and d for 137Cs, °Sr and 1°/Pd
Target dependence

Energy dependence

 Comparison with spallation models

e Potential for the transmutation on LLFP

Total spallation cross section
Reduction in the radiotoxicity
Production of other LLFP at different reaction energies

 Collaboration with nuclear engineering
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