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Observation of Anomalous Pair creation in 8Be: A 
Possible Indication of a Light Neutral Boson

The Atomki anomaly  signals for a new 17 MeV boson  gauge boson of a new 
fundamental force of nature

Phys. Rev. Lett. 117, 071803



Searching for Dark Matter

 Should not have to defend this too much… 

Searching from the basement to the attic already for 30 years, 

every corner with tremendous strength, but didn’t find anything 

significant so far …

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

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


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 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.



 Proton decay: B(p + 7Li) ≈ 100% 

 γ-decay: B(8Be + g) ≈ 1.5 x 10-5

 Internal pair creation: B(8Be + e+ e-) ≈ 5.5 x 10-8

 Ejection of a new particle: B(8Be + X) ≈ 5.5 x 10-10

The creation and decay of 8Be*
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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:





(It will take several years to get results…)

, FASER: ForwArd Search ExpeRiment at the LHC

Purdue Univ., USA
Hanoi, Vietnam
Orsay, France

https://indico.cern.ch/event/649760/contributions/2689330/subcontributions/239740/attachments/1543423/2421413/FK_1710_Trieste.pdf


Searching for light particles (dark photos, X17, APS’s) at LHC



Repeating the experiments at a new Medium-Current 

Tandetron Accelerator System in Atomki Debrecen

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 5/6 telescopes

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



γ-ray spectra measured with a 100% HpGe

detector and a 3”x3” LaBr3 one

Garching 2018
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Recent results for the 17.6 MeV transition



γ-ray spectrum measured at the Ep=1.04 MeV 

resonance with a 100% HpGe detector

Garching 2018
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Recent results for the 18.15 MeV transition

PRL results
Present
results



How to proceed? S(n) and S(p) data from NuDat 2.7

Garching 2018
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Isotope S(n) S(p)

4He 20.6 MeV 19.8 MeV

8Be 18.9 MeV 17.3 MeV

12C 18.7 MeV 16.0 MeV

• M1 or M0 transitions
• Proper reaction for the excitation
• No background reactions

• Long lived excited state



Study of the 21 MeV M0 transition in 4He 

excited by 3He+n, and t+p reactions

1 MeV p Overlapping 0+

and 0- states

γ-ray production 
with direct proton 
capture. A source 
of background.



The 3H(p,γγ)4He experiment in Debrecen

Cooled (LN2), 3H absorbed in Ti (3 mg/cm2) on a 0.4 mm thick Mo disc (target for neutron generator) 

e+ e- spectrometer with six DSSD+calorimeter telescopes
γ-spectrometer with twelve, 3”x3” and two 3.5”x6” LaBr3 
detectors 



Results for the e+e- decay measured in Debrecen

M0c2= 16.6 MeV

The external pair creation in the Mo target 
backing was about 5 times stronger the IPC.

Measured 
e+e- pair 
correlation
divided by 
the external 
pair creation.



How can we choose between the 

different interpretations?

Axions and other very light axion-like particles appear in many 
extensions of the Standard Model, and are leading candidates 
to compose part or all of the missing matter of the Universe.

The lack of positive signal of new physics at the high energy 
frontier, and in underground detectors searching for weakly 
interacting massive particles, is also contributing to the 
increase of the interest in axion searches. 

The experimental landscape is rapidly evolving, with many 
novel detection concepts and new experiments being proposed 
lately. 



Study the gg-decay of X(17) in  4He

 Vector particle (1+) or axialvector (0-)? 

 If vector particle then gg emission is forbidden (Landau-
Yang theorem).

 If axialvector then it can decay by gg emission.

 gg-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’ (gg/g) Decay Nature
526, 406 (2015) 

cos Θ = 1 −
𝑚𝑥
2

2𝐸1𝐸2

Study the angular correlation with LaBr3 detectors.



Double γ-decay in 4He 
(M. Suffert and R. Berthollet, Nucl., Phys. A318 

(1979) 54.)

The most recent 
theoretical calculations 
taking into account the p+ 
3H resonance at E≈ 20 .2 
MeV give Q(2γ) = 1 .18 μb
and R ≈ 0.03 i.e . about ten
times less . 



The experimental setup in Debrecen including 

both the e+e- and the γ-ray spectrometers



Calibration of the LaBr3 γ-ray spectrometers

Calibration with the 12.1 – 4.44 
MeV γγ cascade in 12C using the 
11B(p,γ) reaction at Ep=675 keV.
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Calibration with the 17.6 MeV 
transition in 8Be

Checking the time 
resolutions

Checking the 
energy 
resolutions with 
a 60Co source
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Two photon sum-energy distributions measured 

at different angular regions (very preliminary)

???

A typical γ-ray spectrum.
(The proton energy loss in the 
target was about 400 keV, so 
the photo peak was washed 
out.)

Sum energy spectra for coincident detectors.

Problems with the 
background 
(random, cosmic) 
subtraction???



The 3He(n,γγ)4He experiment in Garching with the 

FRM II High Flux Reactor (1010 cold n/cm2)31

Coincidence γ-ray spectrometer with twelve 3”x3” LaBr3 detectors.
The angle between the detectors is 30 degree, and the detector plain
Is perpendicular to the beam.

The pressurized (2 bar) 3He target located in 
the middle of the spectrometer, and the active 
cosmic-ray shield (above). 



The first results in Garching
32

A typical singles γ-ray spectrum Typical sum-energy spectra for 
coincident detectors

Preliminary γγ-angular 
correlation



Conclusion

 The 8Be anomaly could be reproduced with an independent

spectrometer.

 The effect can not be explained within nuclear physics. 

 The anomaly can be successfully described by a new particle called X17.

 The effect of X17 was observed also in 4He in a 20.6 MeV 0-
0+ transition 

at a correspondingly smaller angle. The X17 was emitted with L=1 angular 

momentum (λ/2π =16 fm !) , which shows a long range of the interaction.

 The γγ-decay of X17 was studied, but could not be cleanly observed. We

are planning further studies.

 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.



To 8Be continued…

Thank you very much for your 

attention


