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Brief summary of this work

e Transmutation of lodine-129 from
fission reactor

 Energy balance of transmutation
 Enhanced laser Compton scattering
Super cavity
Bunched E-beam Compton Scattering



Laser Compton Scattering

Incident laser
E=hv

Neutron

/O

Electron

Beam

Scattered photon

_ — 2
Es=hv=4y hv E, Giant Resonance

Characteristic yray by laser Compton scattering
1. Sharp shooting 1/ y

2.Tunability h vy? for E1 Giant Resonance

But cross section of photon and electron is
very small in usual case!
= SUPER CAVITY, Bunched E-beam



High Level Nuclear Waste
—FP and TRU are produced.

Nuclei Half decay l;l;t;t;on Production Amount
(year) section (b ) ( Ci/ year) (kg / year)

FP

85Kr 11 1.7 3.0x10 ° 0.79
90Sr 29 0.014 25x10 ° 17.8
93Zr 15x10 ° 2.6 61 24.0
99Tc 2.1x10 ° 20 433 25.5
107Pd 6.5x10 ° 1.8 3.6 7.0
129 1.6x10 ' 27 1.0 5.8
IW
137Cs 30 0.25 3.5x10 ° 39.5
151Sm 90 15000 1.1x10 ° 0.4
TRU

237Np 2.1x10 ° 181 11 14.4
241Am 432 603 5.0x10 ° 1.46
243Am 7380 79 601 3.03
243Cm 28.5 720 55 0.01
244Cm 18 15 5.8x10 ° 0.72
245Cm 8500 2347 41x10 ° 0.03

lodine 129 is an
element of the
longest active life
time as 16 million
years and small
absorption cross
section for neutron.
Besides these,
lodine boiling point
IS much lower than
the component for
geologic repository
package.



Compton Gamma: More efficient coupling for
E1 G— R than Bremsstrahlung

Bremsstrahlung Compton Scattering Gamma Ray
Electron I Elactron Laser
40MeV 1GeV
Glant resonance
nuclei
y-ray
——

(y,n)reaction
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Pair Creation & Compton scattering by
target electrons >> Gilant Resonance

photoneutron cross section (barn)

el - LI

L

! palr creation

T Compton effect

| ziant resonance
{ photoelectric

effect

photon counts (x107;

- Only few per cent of gamma
photon goes to
the transmutation in
this scheme.

Energy balance?
{
Neutrons for
energy multiplication

E(MeV)



Gamma ray beam
Sharp shooting and tunability
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On New Subaru BL1, we
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with 2W CW YAG laser.

1GeV linac

\ -

RF

N\ 4 cavity
o
N

UBARU \ |

. BL7 BL6
BLS

! “\ O

| ¥ EH X ;

EES " Undulator R B,LS v
#BL10 ' L\ © BL4
Undulat 2

Undulator

4"\- BL1a

BL11 \
e e
Energy 1-1.5 GeV
Current 500mA
Circumference 118.7m

Harmonic Number 198

BL13

Laser Compton
Scattering y -ray

I |

room
1




Experimental set up on BL1 at
NEW SUBARU
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Au target to obtain the

transmutation rate
&EC = 196pt (92.5%)

B = 1%Hg (7.5%)

17MeV gamma ray
electron :

beam Imicrom-m
Laser
transmuted
Nt > LI
Coupling = Nt
Eff|C|enCy Ng Absorbed Photon @rrsranEsaEEEEEEEEEEEEEEEEEEEEEEEEEE -
Ng




Coupling Efficiency of Gamma
Photon for Transmutation

Coupling efficiency (%)
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- Gamma ray size at
15m distance is 0.7cm.
Target size was
changed to couple the
generated gamma ray.

- Experimental results
corresponded well to
the calculated curve.

- In this calculation,
Self-absorption was
Included.
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Nal target Experiments

1. NT cross section of %3Na is more
than50 times smaller than that of
1271odine at 16MeV. 2°Na decay time is
73times longer than that of '%®lodine

2. 127lodine nuclear transmutation can be
measured using natural Nal target.

3. We can estimate NT-rate of 1%°lodine
from this experiment.




1-126 Radioactive Decay
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Reaction rate of Nal on
experiments and simulation
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Schematic drawing of targets
for yray transmutation

coolant inlet coolant outlet

1st target H thermal insulator
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Sharp shooting of yray
By-production of neutron for energy multiplication
Self-hearing of target by electrons and positrons



Neutron measurement box for TOF
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Neutron spectrum Is estimated
by TOF for energy balance.

Neutron spectrum on TOF neutron detector
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Neutron production and
energy spectrum
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Experiment results for neutron spectrum were obtained.

Scattered yray overlapped the leading edge of neutron waveform.

So the neutron energy spectrum was corrected and was

estimated.
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Compton cross section Is very

small in usual case!
00
- SUPER STORAGE CAVITY
- Total reflection from
bunched E-beam
IS required for practical design
of transmutation system even
when target is only lodine.



Storage Cavity and Rate
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y ray transmutation system
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Total efficiency for yray generation is close to
accelerator efficiency.

Multi-Compton-scattered tail of electron is one of
serious issues of the system.



Total reflection by electron beam of tight
bunching = mirror flying with light velocity

= super Com

pton scattering
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Spectrum narrowing
Induces the reaction rate
iIncrement up to 5.8 %.
Strong bunched electron
beam of density more
than 10 %/cm3, cut off of
CO, laser density, Is
considerable as a total

MIrror. P

/
/7

Metal mirror moving With
light velocity

g

Super high brightness

yray !
Reaction rate increment !
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Summary of this work

e Transmutation of lodine from fission reactor
was demonstrated by y ray.(*?/l< 1291)

 Energy balance of transmutation Is
expected by by-product neutron.

 Enhanced laser Compton scattering
by Super cavity
by Bunched E-beam Compton Scattering
have been investigated for actual system.






Estimated Neutron Spectrum

Nuclear Level and Neutron
Spectrum from GRR
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Reaction cross section ratio
for I-1327
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Fine Structure of E1-GR

Collective motion
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Energy Flow Iin System

Energy Recover
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Electron spectrum after Compton
scaftter In storage ring with the
laser power density of 10 Bw/m? to
2x101w/m?2.
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Experiment of Photon Storage and
Compton scattering in the cavity
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Principal of Total System

- Psr :synchrotron
Electric Power y

radiation power

Energy Recovered Linac/
Storage Ring with by-pass

Electron Storage Ring

e Efficient Conversion is
Accumulation Cavity expected when the
2 electron beam is
/:m T 1” ) circulated.
Pg:gamma ray

Beam Injection
laser
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