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Caveats

This isn’t my area of expertise

| haven’t thought about it extensively and this is
WOrk™ In progress

In recent years I’'ve mostly considered new physics
because of muons, not with them

It’s an area where it can be hard to determine good
science

But it deals with one of the most important
problems facing humanity



Enough with the
apologies...

don’t back doon,
double doon
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Catalysis of Nuclear Reactions
by u Mesons™

L. W. ALvarez, H. BRADNER, F. S. CRAWFORD, JRr., J. A.
CrawrorD,t P. FaLk-VAIraNT, M. L. Goop, J. D. Gow,
A. H. RoseNFELD, F. SoLmiTz, M. L. STEVENSON,

H. K. Ticuo, AND R. D. Trirp

Radziation Laboratory, University of California, Berkeley, California
(Received December 17, 1956)

Fi1c. 1. Example of H-D reaction catalyzed by u~ meson. The
incident meson comes to rest, drifts as a neutral mesonic atom,
is ejected with 5.4 Mev by the H-D reaction, comes to rest again
after 1.7 cm, and decays.
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HYPOTHETICAL ALTERNATIVE
ENERGY SOURCES FOR THE
‘SECOND MESON’ EVENTS

By Dr. F. C. FRANK, O.B.E.
H. H. Wills Physical Laboratory, University of Bristol

Hie ) + Y~ — HYY™) -+ e~ + 2,700 oV.

1

F1G. 1. Example of H-D reaction catalyzed by u~ meson. The H(Y™) + Df — H,D(Y™) + 500 eV.

incident meson comes to rest, drifts as a neutral mesonic atom, H*DHV— — He? ) 4 1L 5.46 MeV.
is ejected with 5.4 Mev by the H-D reaction, comes to rest again 2Dy ) 2 T '

fter 1. . - . _ "
after 1.7 cm, and decays where Y~ and Y1 denote negative and positive

mesons.
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Alvarez Nobel Speech

“We had a short but exhilarating experience when we
thought we had solved all of the fuel problems of mankind
for the rest of time. A few hasty calculations indicated that
in liquid HD a single negative muon would catalyse enough
fusion reactions before it decayed to supply the energy to
operate an accelerator to produce more muons, with energy
left over after making the liquid HD from sea water. While
everyone else had been trying to solve this problem by
heating hydrogen plasmas to millions of degrees, we had
apparently stumbled on the solution, involving very low
temperatures instead.”

( {)——v ( O » {
Radio-frequency Accelerator  Triton beam
quadrupole (~1 GeV)

NY Times Dec. 30 1956

Cold Fusion of Hydrogen Atoms

Discovery of a revolutionary way
to fuse nuclei of hydrogen atoms
without the multi-million-degree
temperature required in the thermo-
nuclear hydrogen fusion process
was announced Friday at the
winter meeting of the American
Physical Society at Monterey, Calif,,
by a team of twelve scientists at
the University of California headed
by Prof, Luis W. Alvarez.
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Fig. 6 A conceptual muon-catalysed fusion
3 system, showing detail of a modular reaction
vessel where muon-catalysed d-t fusion occurs.

Z ~10-T
magnets
D-T
Li/Pb _
Helium

ash
Heat exchangers
=> electrical power

000,000 degrees Centigrade, (This
is the fusion reaction that takes
place in the hydrogen bomb.) Tha
second method is that of fission,
the splitting of a heavy element
sitch as uranium, by necutrons, into
two lighter elements (the method
used in the atomic bomb and in
atomic power plants), The third
niethod is to bombard an element
with nuclear particles {ired from

arcolaratnre lilio tho Arvelafran



Energy Accounting

efficiency in making beam
number of 4 /beam particle . _
\‘ number of reactions/u

N Y
0 = energy out ﬁ,Efus < N ﬁt 3 GeV ( €p ) ( Neat )
ST energy in  Eyle, <\ 0.5 E, 40 % 1000
Nk

beam energy

d+t+u- — (*Heu™ ) +n

T \\, N_..~ O(100) observed
u vV t
Ncat — r (1 T pStiCk) .
fus Depends on density, pressure of d, t

J mixture

primarily controlled by molecular formation



How can this be improved??

More efficient production of (1
Will muon collider R&D help here?

Neutron beams? Storage ring?

Higher pressures, temperatures? (still cold?)

ddddd

Magnetic mirror
TTTTTT

Fancy targets? B

LiPb shell

Kelly et al., J. Phys. Energy 3

035003 e o | \‘?/\‘?J\‘?/



Muon Catalyzed Fusion

F. Dyson
D. Eardley
S. Koonin
C. Max
R. Muller

M. Rosenbluth
S. Treiman.

October 1990

JASON™
The MITRE Corporation

7525 Colshire Drive
McLean, Virginia 22102-348]
(703) 883-6997

The DOE theoretical program is mixed and, in some ways, lags that
in the Soviet Union. Overall, the field has been characterized by a
strong and generally healthy interplay between theory and experiment.
Theorists, including some supported by the DOE, are guiding experi-
ments and are working to understand quantitatively many aspects of
the data. However, other DOE work involves speculative schemes to
improve the feasibility of MCF; some of these were mentioned above
and are discussed in the following sections. These schemes often have
an air of desperation about them, caused in part (we suspect) by the

programmatic nature of the funding. While new ideas are certainly

to be encouraged, they must be worked out with sufficient detail to
be evaluated critically. This can be done more rapidly, and with less

effort, than is presently the case.



Other ideas

in SUGRA 7 can be NLSP

Stau-catalyzed d-t Nuclear Fusion

~J

Koichi HAMAGUCHI*?, Tetsuo HATSUDA!#, Masayasu KAMIMURA? decays to g slow (g raVity) SO T
and Tsutomu T. YANAGIDA'? :
long-lived (7= ~ 1 yr)

Now sticking[d +t+ 7 — (4He%_) + nj
becomes rate-limiting process and

pStiCk ~/ 01 % — 12 GGV/%_



Other ideas

Search for heavy, long-lived, charged particles with > 10— j
S _ h 8 10° ATLAS (s=13TeV, 139 b _
Iarge ionisation energy loss in PD collisions at = SR-Inclusive_High pi’>120 GeV, | < 1.8 =
S 10 N : - =

. . o - m(g) = 2.2 TeV, m(x,) = 100 GeV, 7(g) = 10 ns -

v/s = 13 TeV using the ATLAS experiment and the = QPE v omE)-13TeV, <) = 10ns  Observed 3
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Particularly interesting in light of
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Other ideas

Particle Physics Catalysis of Thermal Big Bang Nucleosynthesis

Maxim Pospelov'*

. | e . BBN is a probe of charged relics
Perimeter Institute for Theoretical Physics, Waterloo, Ontario N2J 2W9, Canada ] _
2Deparz‘menz‘ of Physics and Astronomy, University of Victoria, Victoria, British Columbia, VSP 1Al Canada th rOug h the| Y CataIyS|S Of SOme

(Received 1 July 2006; revised manuscript received 9 November 2006; published 4 June 2007) .
reactions

“He °Li @(ﬁ{ex—) X Ny - /S = 25 X 10_17.

Can also catalyze reactions that destroy
'Be ( —/ L1) to address “lithium problem”



Wrap up

Muons catalyze the fusion of light nuclel
by helping to overcome Coulomb barrier

Using this process to produce useful
energy Is challenging

Muons are a very hot topic now, can new
ideas here help?

We face difficult problems, as a species
and as physicists, we need to think!
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