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A Possible Indication of a Light Neutral Boson 



Searching for Dark Matter 
 Should not have to defend this too much…  

 
Light, Weakly Interacting DM, the 
dark photon concept 
 It is speculated that within dark matter 
there might be a family of particles and 
forces—a so-called “dark sector”—that 
has thus far escaped detection. In 
analogy with electromagnetism, for 
which the massless photon is the force 
carrier between charged particles, 
there could be a dark 
electromagnetism with a possibly 
massive dark photon that transmits the 
forces between dark particles 
 

DM searches at the LHC 
didn’t find anything 
significant so 
far  
 

M. Pospelov and A. Ritz, “Astrophysical Signatures of Secluded 
Dark Matter,” Phys. Lett. B 671, 391 (2009) 

http://dx.doi.org/10.1016/j.physletb.2008.12.012
http://dx.doi.org/10.1016/j.physletb.2008.12.012
http://dx.doi.org/10.1016/j.physletb.2008.12.012


Theoretical predictions for the dark photon 

Branching ratio 

Lifetime 



Searching for new particles created in nuclear transitions 
has a very long history… 
(The first activities of Mount Etna started around 600.000 years ago 
in the inferior Pleistocene.)  
 
 The axion particle was proposed by Weinberg and by Wilczek as one mechanism for 

preserving CP invariance of strong interactions in the presence of instantons almost 
40 years ago.  

 The search for axions in nuclear transitions culminated in 1982.  

 It turned out that nuclear transitions provide a useful laboratory to search for light 
particles which couple to quarks and/or gluons. The spin and parity of a particle 
emitted in nuclear decay can be constrained by an appropriate choice of the nuclear 
transition.  

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

 



Study the 8Be M1 transitions 

8Be 
0+ 

2+ 

1+ 

1+ 

0 

3.0 

17.6 

18.2 
Ep= 1030 keV 

Ep=   441 keV 

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

Background                                      Signature  

It has been suggested previously that pairs produced from the decay of a 
light particle can be distinguished from internal pairs by their angular 
correlation.  
 For a transition energy significantly larger than Mx, the 
angular correlation between the electron and positron produced in the X 
decay is sharply peaked in the laboratory frame at a nonzero angle that 
varies inversely with the transition energy. 
 This method has been used previously by several groups to 
set upper limits on the branching ratio to such particles within certain 
limited mass and lifetime regions. 
 



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), where y=(E1-E2)/(E1+E2).  

Invariant mass 
distribution plot for the 
electron-positron pairs 

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



Introduction of the protophobic fifth force  
(J. Feng et al.PRL  117, 071803, (2016)) 

Branching ratio: 

Pion decay: 





Repeating the experiments at a new Medium-
Current Tandetron Accelerator System 
 

 
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 

 



The new e+e- pair spectrometer with six 
telescopes equipped with Si DSSD’s 



Background from cosmic rays in the 
setups with 5 and 6 telescopes 



Efficiency curves for the setups with 5 
and 6 telescopes 

The results of the present experiment can be cosidered independent from the one we 
published in PRL in 2016. 



Recent (preliminary) results for the 18.15 MeV 
transition 

PRL results 
Present 
results 



Recent (preliminary) results for the 17.6 MeV 
transition 





More generally, we also find that the Atomki measurements of the 8Be system 
can provide the most sensitive model-independent probe of the interactions of 
a light vector with quarks. This motivates future searches for light vector 
bosons and other particles in rare nuclear transitions. 







Experimental searches for the X(17) 
boson 
 The ATLAS Collaboration (ATLAS NOTE ATLAS-CONF-2016-042) presented results 

of a search for long-lived neutral particles decaying into collimated jets of light 
leptons and mesons, so-called “lepton-jets”, using a sample of 3.4 fb-1 of proton-
proton collisions data at a center-of-mass energy of 𝑠𝑠=13 TeV collected during 
2015 with the ATLAS detector at the LHC. Assuming conventional production 
cross section σ∙BR to the dark sector of 5.0 pb for a 800 GeV heavy scalar 
boson, dark photon cτ is excluded in the range 0.6 mm <cτ< 63 mm for the 
Higgs → 2γd+ X model and in the range 0.8 mm <cτ< 186 mm for the Higgs → 
4γd+ X model. 
 
 
 

 2x10-4 < εe <1,4x10-3 esetén   2.5 μm <cτ< 120 μm 
 Our results are not affected. 

 



The DarkLight experiment at JLAB 

 The DarkLight experiment  proposes to search for dark photon through 
complete reconstruction of the final states of electron–proton collisions. In 
order to accomplish this, the experiment requires a moderate-density 
target and a very high intensity, low energy electron beam. 

 Projected reaches in mass and coupling for upcoming experiments near 
the Beryllium-8 anomaly. Note that these are taken in the fully protophobic 
limit, so the sensitivities of experiments that search for the dark photon 
through hadronic probes are heavily suppressed. The DarkLight projection 
marks the region where an anomaly yields a 5σ with 1 ab-1 of data, which is 
readily achievable with anticipated luminosities. 



Searching for the X(17) in particle 
decays 
 Araki et al, (Phys. Rev. D 95, 055006 (2017)) discussed the feasibility of 

detecting the gauge boson of the U(1) symmetry, which possesses a mass 
in the range between MeV and GeV, at the Belle-II experiment. They have 
found that the Belle-II experiment with the design luminosity can examine a 
part of the parameter region that evades the current experimental 
constraints and, at the same time, is favored by the observation of the 
muon anomalous magnetic moment.  

 Rare leptonic kaon and pion decays K+(π+) →μ+νμe+e− can also be used to 
probe a dark photon of mass O(10)MeV. Cheng-Wei Chiang (Physics 
Letters B 767 (2017) 289) evaluated the reach of future experiments for the 
dark photon with vectorial couplings to the standard model fermions 
except for the neutrinos, and show that a great portion of the preferred 
16.7-MeV dark photon parameter space can be decisively probed.   
 



Data mining and new projects 

 Long-Bin Chen et al., (arXiv:1607.03970v2) discussed, the production of this yet-
not-verified new boson in electron-positron collision, using BaBar, and the results 
are encouraging. The data collected at BESIII and BaBar turn out to be enough 
to perform a decisive analysis and hence give a definite answer to the 
existence of X(16.7). 

 Marin Benito et al., (IOP Conf. Series: Journal of Physics: Conf. Series 800 (2017) 
012031) discussed the prospects for the search of KS

0 → π+π-e+e- at LHCb. LHCb 
has proved to be very competitive in the search for such rare strange decays. 
The feasibility of observing such K0 decay at LHCb is studied using simulated 
and real data. During the Run I of LHC (2012), the yield of events expected per 
fb-1 of pp collisions at 𝑠𝑠= 8 TeV is found to be NRun1 =120+280-100. A dedicated 
trigger selection has been developed for the 2016 data-taking. A large signal 
yield, NUpgrade= (5±0.3)∙104 per fb-1, is expected in the LHC upgrade phase. 
Pseudo experiments have been run to assess the feasibility of discovering 
evidence for the observation of the signal already in the Run I data-set. 
 



https://www.youtube.com/watch?v=J1P5r3IvVrM 

A NEW EXPERIMENT SEARCHING FOR DARK MATTER AT 
CERN ... 

https://www.youtube.com/watch?v=J1P5r3IvVrM


Our next experiment: Study of the 21.01 MeV M0 
transition in 4He excited by 3He+n, and t+p reactions 



Study the γγ-decay of X(17) in  4He 
 Vector particle (1+) or axialvector (0-)? If 

axialvector than it can decay by γγ emission. 
 
 γγ-decay only known in a special case: 0+ →  0+ 

(90Zr, 40Ca, 16O) 4He 
• J. Schirmer et al., PRL 53, 1897 (1984) 
• J. Kramp et al., NPA 474, 412 (1987) 
  Walz, N. Pietrala et al., Competitive Double-Gamma’ (γγ/γ) 

Decay Nature 526, 406 (2015)  
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Study the angular correlation with LaBr3 detectors. 



To 8Be continued… 
 

Thank you very much for 
your attention 
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