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Muon catalyzed Fusion

Results

d+3 He!4He(3.66MeV ) + p(14.64MeV )

muCF provides a unique method to study these nuclear few-body reactions:  
in muonic molecules the two nuclei can be prepared in selected states of total spin I  

and nuclear fusion occurs at extremely low collision energies.

Excellent characteristics for use in the determination of the tensor polarization of deuteron beams

The                                                            reaction plays a very important role[1] in 
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According to the Standard Big Bang Nucleosynthesis model 
(SBBN) only the formation of light nuclei (                        )  
is predicted in observable quantities,  
starting from protons and neutrons [2].

Primordial nucleosynthesis of  
the light elements. 

Today, with the only exception of              and lithium,  
the abundances of these isotopes are rather  
consistent with SBBN predictions. 
(still unsolved astrophysical problem so called  
“Lithium depletion” either in the Sun or in other galactic stars.)

For experimentally studying the electron screening effect [3]

To understand the energy production in stars an accurate knowledge  
of nuclear reaction cross section               close to the Gamow energy  
is required.  
The experiments need to include an effective “screening” potential  
to explain the enhancement of the cross section at the lowest measurable energies. 

A theory has not been found that can explain the cause of the exceedingly  
high values of the screening potential needed to explain the data.  
(“Electron screening puzzle”)

Global R-matrix analysis of the        system
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Key ingredient is the thermonuclear reaction  rate

The calculation of the reaction rates relies on the cross sections [4]. There are two main problems in nuclear astrophysics: 
(i) the stellar energies being much smaller than the Coulomb barrier, the relevant cross sections between charged particles 

are too small to be measured in the laboratory; 
(ii) explosive burning involves short-live nuclei which, even if they can be produced with modern technologies, 
     are available with weak intensities only. 
Consequently a theoretical support is necessary, either to extrapolate the cross sections down to astrophysical energies, 
or to predict unknown cross sections.

Ab Initio Many-Body calculations of the                           fusion reaction 3He(d, p)4He

G.Hupin, S.Quaglioni, P.Navratil, unpublished.

3Hedµ!4He(3.66MeV ) + p(14.64MeV ) + µ

Formation in collisions of slow atoms [6] dµ+ 3He
�J
f!(3Hedµ)J

predicted as an intermediate step in the muon transfer from the deuterium mesoatom to the helium atom 
  PNPI -1984,1992
  PNPI-PSI-1999

 confirmed�d3He = 1.48·108 s�1

Decay

➣ by 𝛾-emission

➣ Auger transition

➣ predissociation
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Transitions (J = 1)!(J = 0)

with the rate        are possible�10

(dµ3He)J=1!(dµ3He)J=0

as a consequence  
a detectable              nuclear fusion [7]  
with the rate �f = P0�

0
f + P1�

1
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dµ3He

The main goal of MuSun is measurement of the muon capture rate in deuterium.

The incoming muons are detected first by  
a thin scintillator counter SC and by a wire  
proportional chamber PC. Then they pass 
through a 0.4 mm thick hemispheric beryllium  
window and stop in the sensitive volume of the 
time-projection chamber, TPC.

The TPC is the key element of the experimental setup. 
It is filled with ultra-pure protium-depleted deuterium gas at the temperature  
T = 31 K and pressure P = 5 bar, and it operates as an active target 
 in the ionization grid chamber mode (without gas amplification). Its main goal  
is to select the muon stops within the fiducial volume 
of the TPC well isolated from the chamber materials.

ddµ!d+3 He(0.82MeV )!4He(3.66MeV ) + p(14.64MeV )

TPC detects products of reactions following  
the muon stop,  
including products of the               fusion.d3He

                 fusion-in-flight

The main background comes from collisions  
with          of the          (0.82 MeV) nuclei  
produced in the dd fusion reaction.

1.3·1010 decays of the muons stopped in  
the sensitive volume of the MuSun active 
target  with ultra clean        gas were registered 
in Run 8 (2015) of this experiment.

The MuSun collaboration has performed an additional Run 9 (2016) 
with the active target filled with the                      (5%) gas mixture, keeping all experimental 
conditions identical to those in Run 8.

3Hedµ!4He(3.66MeV ) + p(14.64MeV ) + µ

Muon catalyzed                  fusion

run μ Weeks Ntot NFinF/
NpileupRun8 1.3E+10 9 99 77/22

Run9 1.0E+09 1 2 1.9/0.34�f = Nf ·�dec/N3Hedµ·✏f

upper limit for the effective muon catalyzed              fusion rated3He

Ndµ3He = 1.4·108�dec = 7·1011 s�1 ✏f = 0.30
number of produced            moleculesdµ3Hedecay rates registration efficiency

in a good agreement ! [8] �f < 6·104 s�1

�f6.3·104 s�1 at 90%C.L.
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Theoretical methods: Many different cases, 
 but no “unique” model!
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