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Leitmotif of my present talk:

The atomic nucleus is a femto-laboratory including probably all of  
the interactions in Nature.  A real discovery machine like LHC, but 
at low energy.

In an age of giant accelerators, of complex experiments and of 
mystifying theories it is a pleasure to report on some simple 
experiments, made with simple equipment and having a simple 
interpretation

Robert Hofstadter (Nobel, 1961)



Energy budget of Universe

 Stars and galaxies are only ~0.5%

 Neutrinos are ~0.3–10%

 Rest of ordinary matter (electrons and protons) are ~5%

 Dark Matter ~30%

 Dark Energy ~65%

 Anti-Matter 0%

• It in not short-lived: t > 1010 years

• not baryonic: WB = 0.04 ± 0.004

• not hot: “slow” DM is required to form structure
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DARK MATTER: WHAT WE DON’T KNOW

 What is its mass?

 What is its spin?

 What are its other quantum numbers and interactions?

 Is it absolutely stable?

 What is the origin of the dark matter particle?

 Is dark matter composed of one particle species or many?

 How was it produced?

 When was it produced?

 Why does WDM have the observed value?

 What was its role in structure formation?

 How is dark matter distributed now?
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Dark Matter Candidates

Given the few constraints, it is not surprising that there 
are many candidates: axions, thermal gravitinos, 
neutralinos, Kaluza-Klein particles, wimpzillas, self-
interacting particles, self-annihilating particles, fuzzy 
dark matter, superWIMPs,… 

Masses and interaction strengths span many, orders of 
magnitude

 But independent of cosmology, new particles are 
required to understand the weak scale.  What 
happens when we add these to the universe?



Searching for  weakly interacting 

massive particles (WIMP)

 Scientists' biggest search for dark matter to date just turned up 

nothing

 They were the currently considered  most viable candidate for 

dark matter

 Searching for light dark matter (1 MeV/c2 – 1 GeV/c2) 

Something like a dark photon is very well theoretically
motivated

 Kinetic mixing from the vector portal: if there is an additional 

U(1) symmetry in nature, there will be mixing between the 

photon and the new gauge boson (Holdom, Phys. Lett B166, 

1986)



Dark Photon

Feynman graphs depicting interactions via a hypothetical Dark Photon γ’. 
Up: Kinetic mixing model;
Down: Interaction between the Standard Model sector and the Dark Sector via a Dark Photon. The 
loop denotes a pair of charged leptons, which couple both to the Standard Model photon as well as 
the Dark Photon.



Dark photons and the g-2 anomaly

Branching ratio

Lifetime



Wherever there is a photon there is a 

dark photon...



https://sites.google.com/site/zprimeguide/ Hye-Sung Lee (JLAB)

https://sites.google.com/site/zprimeguide/


Phys. Rev. Lett. 117, 071803



Searching for the e+-e- decay of the 

dark photon in nuclear transitions
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M.E. Rose Phys. Rev.  76 (1949) 678
E.K. Warburton Phys. Rev.  B133 (1964) 1368.
P. Schlüter, G. Soff, W. Greiner, Phys. Rep. 75 (1981) 327.

Two body decay of a moving particle / e+-e⁻ internal pair creation



Study the 8Be M1 transitions
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Excitation with the  
7Li(p,γ)8Be reaction

7Li,  p3/2- + p 



Geometrical arrangement of the scintillator 

telescopes (NIM, A808 (2016) 21)



Results
e+ - e- sum energy spectra and angular correlations 

• Can it be some artificial effect caused by γ-rays?

• Can it be some nuclear physics effect?

• …

Ep=1.04 MeV     Ep=1.10 MeV

Deviation 

from IPC



How can we understand the peak like 

deviation? Fitting the angular correlations

Experimental angular e+e− pair correlations 
measured in the 7Li(p,e+e−) reaction at Ep=1.10 MeV 
with -0.5< y <0.5 (closed circles) and |y|>0.5 (open 
circles). 

Invariant mass distribution 
plot for the electron-
positron pairs

Determination of the 
mass of the new particle 
by the Χ2/f method



The coupling constant

Search for a dark photon in the 
π0→e+e− γ decay, NA48/2 
Collaboration, Phys. Lett. B 746, 178 
(2015).  exclusion limit



Introduction of the protophobic fifth force

(J. Feng et al.PRL  117, 071803, (2016))

Branching ratio:

Pion decay:





An open laboratory…

2.0 MV Medium-Current Plus Tandetron Accelerator System

(High Voltage Eng., The Netherland)

Main specifications:

 TV ripple: 25 VRMS,  TV stability: 200 V (GVM), 30 V (SLITS)

 Beam current capability at 2 MV: 200 µA proton, 40 µA He

 Beam brightness: guaranteed 10 Amp(rad)-2m-2eV-1, expected 20 Amp(rad)-

2m-2eV-1

Support: Hungarian Academy of Sciences and Nuclear Power Plant of Paks City







The upgraded spectrometer with Double 

sided Silicon Strip Detectors (DSSD)



γ-spectrum measured on the 441 keV

resonance



New results for the 17.6 MeV transition

The prediction of Feng et al., is correct. 



Fitting the data with the standard RooFit

code



To be continued …

 Support from the Hungarian National Development Agency

(~ 1.5 MEur)

More telescopes, even bigger efficiency

 Si DSSD detectors for tracking the particles

 LaBr3 detectors and an AGATA detector for γ-ray

measurements

Constraining the mass of the particle

Can we see anything in the 17.6 MeV transition?

Constraining the lifetime of the particle

Can we see particle creation in E1 transitions (11B(p,γ)12C) ? 

Parity conservation?



Study the γγ-decay of the 16.7 MeV boson
 Landau-Yang theorem: a vector boson 

is not allowed by two gamma emission

 U. Ellwanger and S. Moretti, Possible 

Explanation of the Electron Positron 

Anomaly at 17 MeV in 8Be Transitions 

Through a Light Pseudoscalar

arXiv:1609.01669v2

 1+ vector boson  0- pseudoscalar

boson

 L=1 emission between the 1+ and 0+ 

states

 M. Suffert and R. Berthollet, Nucl. Phys. 

A318, 54 (1979)

 Doubly radioactive neutron capture in
3He





Thank you very much for your 

attention


