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Caveats
This isn’t my area of expertise


I 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…



Fusion of light elements

d + d → t + p
d + d →3 He + n
d + t →4 He + n

Q = 4.0 MeV
Q = 3.3 MeV
Q = 17.6 MeV

 resonance enhances  
fusion rate by  compared 
to naive expectation

5He* d t
𝒪(1000)



Muonic DT Molecule

Γ ∼ σv ψ(R = 0)
2

WKB: ψ ∼ exp [−∫
R

0
dx 2M (V − E)]



Muonic DT Molecule

Γ ∼ σv ψ(R = 0)
2

length scale ~200 times smaller in  molecule than dμt det

WKB: ψ ∼ exp [−∫
R

0
dx 2M (V − E)]  rate very large: ⇒ Γ 10−12 s−1











Alvarez Nobel Speech
NY Times Dec. 30 1956



Energy Accounting

Qfus =
energy out
energy in

=
fμEfus

Eb/ϵb
× Ncat ≃ (

fμ
0.5 ) ( 3 GeV

Eb ) ( ϵb

40 % ) ( Ncat

1000 )

Ncat =
τμ

τfus
(1 − pstick)

number of /beam particleμ−

beam energy

efficiency in making beam
number of reactions/μ−

d + t + μ− → (4Heμ−) + n

primarily controlled by molecular formation

 observed


Depends on density, pressure of ,  
mixture

Ncat ∼ 𝒪(100)

d t



How can this be improved?

More efficient production of  


Neutron beams? Storage ring?

μ−

Fancy targets? 

Will muon collider R&D help here?

Kelly et al., J. Phys. Energy 3 
035003 🤔🤔🤔

Higher pressures, temperatures? (still cold?)





Other ideas

in SUGRA  can be NLSP


decays to  slow (gravity) so  
long-lived ( )

τ̃

g̃ τ̃
ττ̃ ∼ 1 yr

Now sticking [ ] 
becomes rate-limiting process and 

d + t + τ̃− → (4Heτ̃−) + n

pstick ∼ 0.1 % ⇒ 12 GeV/τ̃−



Other ideas

Particularly interesting in light of 
excess in ATLAS search for LLPs 
using  measurementdE/dx



Other ideas

BBN is a probe of charged relics 
through their catalysis of some 

reactions

Can also catalyze reactions that destroy 
 ( ) to address “lithium problem”7Be →7 Li



Wrap up

Muons catalyze the fusion of light nuclei 
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!

Sometimes it’s cool to listen to the oldies


