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Background for new reaction data

e Nuclear reactions which transmute
Long-Lived Fission Products (LLFP)
to stable or short lived R

* Recent world-best accelerators
(such as RIBF, J-Parc) in Japan
enable us to obtain good nuclear
data by using new technology in
nuclear science.
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Development of new transmutation system



Nuclear reactions for nuclear transmutation by Accelerator

* Nuclear reactions which transmute Long-Lived Fission Product
(LLFP: 2°7Pd, 93Zr, 79Se, 135Cs, *2°Sn, (*29], 99Tc)) to stable or short
lived RI

Candidates
* Neutron induced reaction
e Neutron capture
e Neutron knockout
 Negative muon capture reaction
* Fragmentation/Spallation reaction
» Proton/deuteron-induced fusion-like reaction



Nuclear reactions for nuclear transmutation

* Nuclear reactions which transmute Long-Lived Fission Product
(LLFP) to stable or short lived RI
Candidates
e Neutron induced reaction
e Neutron capture (ny) AZ— Az
 Neutron knockout (n 2n) AZ — A17

p/n induced reaction
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Neutron capture cross section (Term./Res.)

ANNRI (Accurate Neutron-Nucleus Reaction measurement Instrument)

LLFP targets (*35Cs, (*37Cs))

Cross section (b)

ANNRI

top view and side view of the ANNRI.

Nal(TIl) d}tcctors (28m)

To remove overlapping neutrons,
The neutrons were collimated to 7,3,22 mm in diameter at the sample positiong
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Nuclear reactions for nuclear transmutation

* Nuclear reactions which transmute Long-Lived Fission Product
(LLFP) to stable or short lived RI

Candidates u- capture
» Negative muon capture reaction >
» Populate highly excited state —
followed by neutron(s) emission o
neutron emission




Muon capture (@RCNP, J-PARC, RAL)

Compound nuclear states (10-20 MeV ?)

A picture of Muon Nuclear Capture Reactions on '97Pd Target
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RI Beam Factory at RIKEN

3 injectors + cascade of 4 cyclotrons

= several to 345 MeV/nucleon
A variety of primary beams ( d(pol) to U )
World highest-intensity Rl beams

7 Gars 4
GARIS2

SCRIT /
A SAMURAI

Zer‘oDegr'ee »
E / w=.,  Rare RI Ring




Experiment in Inverse Kinematics

Tagging in event by event
/ and bombard on secondary target @ F8

Reaction Residues
measured @ ZD
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Production cross section (mb)
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Reaction data with LLFPs by RIBF-ImPACT
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Neutron induced reaction

e Neutron capture
» Direct measurements for thermal to resonance region
» Surrogate reactions (d,p), (“y”,n) for higher energy

e Neutron knockout Eval. From (p,pxn)
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A

Coulomb dissociation [(*y*,n) reaction]
(Beam of fission fragments) + (Pb targets)

Coulex cross sections
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Fitting results with the response functions
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assuming response function
using TALYS code

Level density: Back-shifted Fermi
Gas model

o, previous result by Berman



Low-energy beam below 50 MeV/u

OEDO Beam-line —
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OEDO Beamline
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Low-energy nuclear reaction data for LLFP

e Surrogate reactions (d,p)
» Evaluation of (n,xn) from proton/deuteron induced knockout

e Proton/deuteron-induced fusion-like reaction

* New energy-degrading system at RIBF
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Energy compaction by mono-energetic degrader

Deqgrader FEAD
9 F\{gg (RF)  FE11 FE12

107Pd, 79Se QQ zARAQ
( BigRIPS) —J

Energy measurement from TOF

B T T | T 171 | T T | T T | T 11 ]

| 79g, l

< 3000 463127 172.8 +3.4

. i (w/ FE9 deg.) (w/0 FEQ deg.) ]

c i ]

= [ 6mm ]

< 2000 20mr —

n | .
-+

= i |
3

o i |

\C_)/ L i

< 1000 — —

E L .

- i |

O i J__A)’ |.|'LLJ | | | T | | | L | | 11 1 | |

0 100 150 200 250
E (MeV/u)

107Pd, 79Se
(SHARAQ)

1°7Pd 33 * 0.5 MeV/u

Entries 1501

DegFs| | = =
g07 erflow -
407 | T
Mom. acc. was set to be 0.1% at Fa.
20/~ ‘
E was also controlled by D magnets.
A T =
g9|‘ l35 = Lo = églil‘37
(MeV)
79Se 45 T 1.9 MeV/u )
Deg FE9 be
\ .
Integral 907
30 T
[ (sonstant 34.06 + 1.59
Mean 45.02+0.07
20.; | Sigma 1.94 + 0.06

Liiol
36 38 40 42 44 46 48 50 52 54

(MeV)

0




Beam focusing
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Setup of experiments at low energy

Ag, Pd, Rh, Ru,-
~ 25 MeV/u
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93Zr,'07Pd p/d induced reaction
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(n,y) vs. (d,p)

79Se+n »

Sn=9.91 MeV
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Experimental Setup at OEDO

Recoil particles: TINA, SSD-Csl (CNS/RCNP/RIKEN)
reaction products: detectors at final focal plane
target: CD, 4mg/cm?

Beam int~ 104 pps at on CD,
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» coincidence measurement of
recoil particles + outgoing particles.
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Summary

* Nuclear reactions which transmute Long-Lived Fission

Product (LLFP) to stable or short lived Rl are measured

» Fragmentation/Spallation reactions on p/d were

measured at 200, 100, 50 MeV/u @ BigRIPS+ZDS/SAMURAI

e Proton/deuteron-induced fusion-like reaction

» Lower energy LLFP beam is now ready at OEDO

beamline

o 7779Se(d,p) were measured successfully with a newly
developed recoil particle tracker TiNA.




