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2. Present Understanding of HCF Phenomena

3. Future Perspectives for Energy Application



- What is a muon ?

Muon is an elementary particle first found in the cosmic ray in 1937. Muon is now

produced in large numbers by using accelerators.

Charge  Spin Mass Lifetime
ut +1  1/2 106 MeV (1/9 of Proton) 2.2us
u= -1 1/2 106 MeV (207 x Electron) 2.2 us

Structureless (point-like) particle and interacts mainly electromagnetically with atoms

in matters

Pion (m) production by accelerated beam
p(n)+ N — =% 4+ X....

Muon (u ) production by mu decay
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INTRODUCTION;

MUON FOR HUMAN LIFE
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FUSION ENERGY AND MUON
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PRINCIPLE OF uCF

Removal of Coulomb Repulsion J

Nuclear Fusion at Short Distance
1000 fm
<>

t ‘ . d Coulomb Repulsion

Vo Newon ¢ A g
s/

HQI FuS.IOF‘ Muon Catalysed Fusion
Climb barrier by thermal Coulomb barrier disappears
motion
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MUONIC MOLECULE : BASIC PROPERTIES
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FORMAION OF MUON MOLECULE

Auger Formation Agrs = 10%s™

(de),(tu) + D, —(dda),(dtu) + (de) + e

@ + _———>+®+e’

Resonant Formation A,t,leo"vlo's"’

[oSb(utb)],[eSb(ybb)] <@ + (uf).(yb)

[9Sb(ytb)] ytb
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PRESENT UNDERSTANDING
OF

wCF PHENOMENA

1. Typical Experimental Arrangement
UCF Experiment at RIKEN-RAL
Realization of “Long-Term” & “Controlled”

Nuclear Fusion Reaction

3uW (10° Fusion/s) via 160 kW ISIS-RAL
more than 300 days fusion production

2. Recent Important Discoveries

N. Kawamura, K. Nagamine et al.
Phys. Rev. Lett. 90 (2003) 043401-1

7 Anomalous (" Regeneration in Condensed D-T

Y, = A W=w'(1-R h
S A FAW = o (1 - R) + others

w Triple Collision Effect in Condensed D-T
(upto ¢ = 1.5)
}\'c(}\'dtu-Dz) oc q) ’ }\'cobs oc ¢2

tu+D,+D,” — [(dtn)d2e ]+ D,”
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uCF EXPRIMENTAL SET-UP

FOR D-T WITH HIGH DENSITY AND HIGH C,

RIKEN-RAL (1996 — Present)
d: 1.2 ¢, (Liquid), 1.4 ¢, (Solid)  (,: 4.25X 10*/cc)

Electric
Rack

T

RIKEN uCF Experimental Portl Layout
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Recoil proton energy (MeV|

OBSERVATION OF FUSION NEUTRON

FROM uCF IN HIGH ¢ & HIGH C, D-T

Cycling Rate Neutron Yield Disappearance Rate
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R~0.35
reactivation 35

initial
sticking
thermalization
ou

KwKﬁ final sticking:
X-rays wg=(1-Rw O

14MeV
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ORIGIN OF DISCOVERED uCF
PHENOMENA

IN
SOLID (CONDENSED) D-T

— Understanding — Enhanced Energy Production!

w Triple Collision Effect in Condensed D-T

negative resonance defect in (dtp) formation

% Anomalous (on)* Ionization & Its T-Dependence

Atomic Process in (ou)*

Transition among Metastable States
Radiolysis Effect

Behaviour of Spur

Black Scattering Effect

—> Need Exotic Atom/Molecule Theory
In Highly-Correlated Condensed Matter



FUTURE PERSPECTIVES
FOR

ENERGY APPLICATION

— Muon Catalyzed Fusion (UCF) —

Muon Cost & Towards Break-Even

Hybrid Reactor & Realistic Energy Application

Realization of kW UCF Reactor for Fusion Energy

Demonstration

14 MeV Neutron Source & Contribution to Fusion

Energy

Optimistic WCF Power Plant in the Future



nCF ENERGY SOURCE

Muon Cost

1 GeV d(t) beam on (t, Li, Be) target;

Large Scale Superconducting Magnet; 0.75 u 7/t
= 020pu/1GeV and 5 GeV/u~

0.25 /1 GeV

Energy
Number of Production Comments
HCF cycler (GeV/)
0 d=1.4
100 — 18 -«+—— Fusion neutron observation F=025
200 =— high T condensed phase o=14
etc, R—0.7
300 — 53 =<~ Muon Production Cost & i
Scientific break-even
400 — 4
500 ——— 8.8 UCF in new region of(¢,T,C,Ey)
¢—2.0
600 — Iaser.controlled HCF o
HUCF in plasma
700 = (UL )acceleration
800 — exotic nonlinear LUCF
etc.
900 — 15.8 4

1000 =

Economic break-even




MUON-CATALYSIS and
ACCELERATOR-BREEDER

HYBRID REACTOR

— Petrov —
wNuclear Reaction of 1 GeV d, t Beam & Li, Be, B, C Nuclei

7 Production (30%) —  uCF Neutron

!
Rest (70%) —  23(J Fission & ?*°Pu Production
t Production via ®Li

Doubling Energy Productivity (4.4 + 4.3(u) = 8.7 GeV/GeV)

Doubling Fuel Breading (45 + 30(u) = 87 **Pu — 7.1 GeV/GeV)
0.6 +07w) =13 1)

7-1 GeV
1-7GeV
8-8 GeV
PWR
7-1 GeV
78 Pu
A B4 Li.Be P.n 28y 6L
1 GeV/nucleon 0-7 GeV 1-6 GeV
/
/
0-3GeVinw~ T2| 13n
\
C D+ T
013 22 0-08 GeV




REALIZATION OF kW uCF REACTOR;
PUBLIC UNDERSTADING OF

FUSION ENERGY

(— ; under construction)
Launching of High Intensity ( > MW) Accelerator Project
Neutron Facility
KEK-JAERI (Japan) (n,p, K
SNS  (USA)
ESS (Europe)

Neutrino Factory
CERN

Muon-Colliders

Realization of Large-Solid Angle Muon Production-Channel
KEK

'
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REQUIREMENTS
Assume 150 pCFp-
— 422 X 10"
I kW » 2.8 X 10%pss

+ OWE

Reflection Solenoid Reflection Monitor

(SUPERY atISIS-T kW Gain
K.Ishidaetal ("'98)  pCF Reactor Factor
IpXEp 60pA X800 MeV SmA X1 GeV = 100
Target 4cm, C 4cm, C
7 Total Production 1.2X10% /s 1.2X10" /s
T 0.025 0.025 (1+0) o : mirror reflection
= 0.10(uCFINS)
p~ Stopping in D-T 3X10"Xg, 3X 102X (1400)-(1+P)€, P : mirror reflection

need : 1+0+f > &’
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OPTIMISTIC uCF PLANT

— Possibility of Future Directions —

UCF in Inertially Confined D-T Pellet
¢ =10.0, T=R.T.

Y A, — 1000X10°s' (A, o< 0)
¥ R — 1 (high ¢, high T)
Both Expected from Recent RIKEN-RAL Data

N. Kawamura, K. Nagamine et al.
Phys. Rev. Lett. 90 (2003) 043401-1

Y, — 6600/u

Power Output from 10 MW Accelerator
(15 MW electric power)

— 175 MW (75 MW electric power)



PRESENT STATUTS

— Muon Catalyzed Fusion (UCF) —

1. Development of uCF Towards New Atomic Energy
a. Need Further Fundamental Understandings
Ac (T, 0)?, R(T)?, etc.
b. Close to Break-Even
c. Close to Realization of Hybrid Reactor

d. Close to Realization of 14 MeV Neutron Source

2. Contribution to Fusion Energy

% Quick Realization of 1 kW pCF Reactor

for Public Demonstration of Fusion Energy

50~ 100M$ for J-PARC



CONCLUSION

— Optionen in Entwicklung —
— Aufwand an Forschung, Kosten, Zeit —

1. Realization of Dedicated MW Accelerator for uCF
& 2 0.1 MW Power Generation
FFAG
Full Pion Capture
Full Muon Production & Use
100g D-T Target

2. 1 MW FFAG (1 GeV X1 mA) 300 M$
Muon Generator 100 M$

D-T Target 100 M$
& Power Monitor

3. Completion in 5 years after Successful Funding



CONCLUSION

— Potenziale im Verbund —

1. Development of uCF Towards New Atomic Energy

a. Close to Break-Even

b. Need further fundamental Understandings
c. Close to kW Power Generation

d. Close to Realization of Hybrid Reactor

2. Contribution to Fusion Energy

% Materials Development for 1st wall of Fusion Reactor
14 MeV Neutron Irradiation Facility
10" n/cm?/s with 2 GeV X 12 mA d Beam

% Tritium Production Facility
Blanket Performance Test
> 50 g T Production/Year/l MW uCF

¢ Plasma Instability Studies
uCF Ignition of Plasma Facility

¢ Quick Realization of 1 kW uCF Reactor
for Public Demonstration of Fusion Energy





