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Kinematics

Normal kinematics:

Inverse kinematics:



Tunneling

ିଶగఎ Gamow factor, where

Coulomb barrier transmission probability

Sommerfeld parameter:
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7Li(p,α)4He Cross Section

C. Rolfs and R.W.Kavanagh, Nucl. Phys. A455 (1986) 179.
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Astrophysical S-factor

σ - cross section,
S(E) – S factor,
E – geometrical factor,
ିଶగఎ- Gamow factor.



Catalysis of nuclear reactions by muons

Instead of
D(p,γ)3He
Alvarez measured
D(p,μ)3He



Electron Screening

E + Ue = Eeff

Ue=Z1Z2e2/40Ra
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Cross section increases at 
low energies when the 
interacting nuclei are not 
bare. Enhancement factor

where Ue is the screeening 
potential.  

H. J. Assenbaum, K. Langanke and C. Rolfs, Z. Phys. A 327 (1987) 461.
395 citations (Web of Science, November 2021). 

2
5

0

10 27 eV for d+d reaction
4

n
e

a a

R e
U

R R
   



Previous Results 1
for d(d,p)t reaction from F. Raiola et al., Eur. Phys. J. A19 (2004) 283.



Previous Results 2

J. Kasagi, Prog. Theo. Phys.
Suppl. 154 (2004) 365.

for the d(d,p)t reaction
Ue=310±30 eV @ 7% H/Pd

=> concentration dependence



Previous Results 3
for d(d,p)t reaction from K. Czerski et al., J. Phys. G 35 (2008) 014012.

for zirconium metal
Ue=319±3 eV



Previous Results 4

PdLi1%: Ue= 3.7 ± 0.3 keV
Li metal: Ue= 1.18 ± 0.06 keV
Li2WO4: Ue= 237+133 eV

S(E)=0.055+0.21E-0.31E2[MeV b]

J. Cruz et al., Phys. Lett. B 624 (2005) 181; J. Phys. G 35 (2008) 014004.
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Previous Results 5
L. Lamia et al., Astron. Astrophys. 541, A158 (2012).

7Li(p,α)4He reaction
Ue= 425 ± 60 eV in Li metal

Adiabatic limit: Ue= 240 eV

Trojan horse method → bare S factor

S(E)=0.053+0.213E-0.336E2[MeV b]



2 MV accelerator at JSI

Nuclear reaction
chamber

Nuclear reaction
analysisProton energy: 300 keV to 3 MeV



Measurements @ JSI
2 MV Tandem van de Graaf accelerator



Implanted deuterium targets
Deuterium implanted into graphite or 
titanium at 3.5 kV resulting in up to 
150 at. % deuterium concentration.

Proton beam energy between 
260 and 300 keV from the 2MV 
Tandetron accelerator.

1H(2H,γ)3He
2H in Titanium



Gas loaded deuterium targets

Gas loading at room temperature, 1 atm. 
Up to 70 at. % of hydrogen in Pd determined gravimetrically and checked by NRA.



Deuterium depth distribution

2H(3He,p)4He
2H in Titanium



Deuterium in Palladium

2H(3He,p)4He
2H in Palladium



Hydrogen in Palladium
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Hydrogen in Palladium
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The 19F(p,αγ)16O Reaction

K. Spyrou et al., Z. Phys. A 357 (1997) 283;
Eur. Phys. J. A 7 (2000) 79.



Thick targets and resonances

C. Iliadis, Nuclear Physics of Stars, Wiley-VCH, Weinheim, (2007) p. 341.
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Breit Wigner resonance cross section

Infinitely thick target yield of narrow resonance

Integral over the resonance
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Inverse Kinematics Results

Terminal Voltage (kV)
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Literature value:

K. Spyrou et al., Z. Phys. A 357 (1997) 283; Eur. Phys. J. A 7 (2000) 79.



Fluorine + Deuterium

2H(19F,p)20F
20F → 20Ne+e-+ν+γ Eγ=1634 keV
CaF2 target vs. deuterium implanted titanium; JSI + MPI Garching

Normal kinematics:
19F(2H,p)20F



Deuterium in Palladium

Hard Pd: Ue=17.9 ± 3.0 keV

Soft Pd: Ue< 3.0 keV

Adiabatic limit: 
Ue= 2.19 keV



p+7Li

Hard Pd: Ue=2.86 ± 0.19 keV
Adiabatic limit: 
Ue= 0.24 keV

Ue= U0 Z2 U0≈ 300 eV

1H(7Li,α)4He



Crystal symmetry

fcc (Pd)

small screening                                                      large screening

Hexagonal
Graphite



Electrons
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Bi-207 source



Clean HME Horizon 2020 Project

Project overview
CleanHME shall develop a new, clean, safe, compact and very efficient energy source 
based on Hydrogen-Metal and plasma systems, which could be a breakthrough for both 
private use as well as for industrial applications. The new energy source could be 
employed both as a small mobile system or alternatively as a stand-alone heat and 
electricity generator. We plan to construct a new compact reactor to test the HME 
technology during the long-term experiments and increase its technology readiness 
level. A comprehensive theory of HME phenomena shall be worked out as well. This 
project has received funding from the European Union’s Horizon2020 Framework 
Programme under grant agreement no 951974.

Clean Hydrogen Metal Energy

https://www.cleanhme.eu/


