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Introduction

• The atomic nucleus as a „femto laboratory” for studying maybe all 
interactions in Nature.  It is a small „discovery machine” like LHC at 
CERN, but for low energy.

• The strong and weak interactions were „discovered” already in the 
atomic nucleus…

• Our results published in 2016. -- Connection with dark matter.

• Our recent experimental results confirming the existence of  X17

• Promising outlook
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Phys. Rev. Lett. 117, 071803

Etna, CataniaObservation of Anomalous Internal Pair creation in 8Be: 
A Possible Indication of a Light Neutral Boson
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The Atomki anomaly  signals for a new 17 MeV boson 
gauge boson of a new fundamental force of nature



• 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)
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Study the 8Be M1 transitions
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γ-ray spectrum measured with a 100% HpGe
detector
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Study the 8Be M1 transitions
Background Signature
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Results
e+ - e- sum energy spectra and angular correlations 

Ep=1.04 MeV     Ep=1.10 MeV

Deviation 
from IPC
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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). 

Determination of the 
mass of the new 
particle by the Χ2/f 
method
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𝑚2≈ 1 − 𝑦2 𝐸2 sin(Θ/2)

Y=
𝐸+−𝐸−

𝐸++𝐸−



Repeating the experiments at a new Medium-
Current Tandetron Accelerator in Atomki

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
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The new e+e- pair spectrometer with six 
telescopes equipped with Si DSSD’s
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Background from cosmic rays in the setups 
with 5 and 6 telescopes
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Efficiency curves for the setups with 5 and 6 telescopes

The results of the present experiment can be considered independent from the 
one we published in PRL in 2016. X17 boson Krasznahorkay 14

Relative numbers!
The absolute 
efficiency for 6 
detectors is 
certainly larger!



Recent results for the 18.15 MeV transition

PRL results
Present results

X17 boson Krasznahorkay 15



γ-ray production with direct proton capture. 
The main source of background produced by 
external pair creation on the backing of the 
target and on the other surrounding 
materials. GEANT simulations.

Forbidden 
transition!!!

Study of the 21 MeV M0 transition in 4He excited 
by 3H+p, and 3He+n reactions
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Γ𝐸0=3.3x10-4 eV



Simulation for
m0c2= 17.0 MeV

Measured (gated) e+e- pair 
correlation for the full energy 
pairs.

Measured e+e- sum-
energy spectra for 
different detector 
combinations.

60o

120o

180o

Difference 
between spectra 
measured at 
120o and 60o.

Significance: 
7.6 σ

Results for the e+e- decay measured in Debrecen
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On the partial width (Γ𝑋) of the X17 particle
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EPC

E0

Γ𝑋/Γ𝐸0=
σ(𝑥17)

σ(𝐸0) 𝑒𝑥𝑝.

σ(0+)

σ(0−) 𝑡ℎ.

σ(𝑥17)

σ(𝐸0) 𝑒𝑥𝑝.
=0.20

σ(0+)

σ(0−) 𝑡ℎ.
= 
Γ𝑡𝑜𝑡(0

+)

Γ𝑡𝑜𝑡(0
−)

=0.59

Since:  Γ𝐸0=3.3x10-4   
 Γ𝑋= 3.9x10-5  eV

In 8Be it was: Γ𝑋=ΓγxBx=1.9x6x10-6 eV= 1.2x10-5 eV

(role of the phase space correction factor)



Details of the fit performed by RooFit
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Simulated result for
m0c2= 17.0 MeV

Gated invariant mass 
distr. for full energy 
pairs.

Gated invariant mass 
distr. for external pairs.

mc2= 1 − 𝑦2 𝐸 sin(Θ/2)

y=
𝐸+−𝐸−

𝐸++𝐸−

Invariant mass distribution
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Study the gg-decay of X17 in  4He
• Vector particle (1+) or axialvector (0-)? If axialvector than 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 

(Decay Nature 526, 406 (2015) 

cos Θ = 1 −
𝑚𝑥

2

2𝐸1𝐸2

Study the angular correlation with state of the art 3”x3” LaBr3 detectors!
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The experimental setup in Debrecen including 
both the e+e- and the γ-ray spectrometers
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The 3He(n,γγ)4He experiment in Garching with 
the FRM II High Flux Reactor (1010 cold n/cm2)
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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). 
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A typical singles γ-ray 
spectrum 

Typical sum-energy spectra 
for coincident detectors

Preliminary γγ-
angular correlation

The first (very preliminary) results obtained
in Garching
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Promising outlook
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Recently, the NA64 

experiment at CERN 

presented the first direct 

search with a 100 GeV/c 

e- beam for this 

hypothetical 16.7 MeV/c2

boson and excluded part of 

its allowed parameter 

space, but leaving the still 

unexplored region 

4.2x10-4<εe<1.4x10-3 as 

quite an exciting prospect 

for further research.



Resonant production of X17 in positron beam 
dump experiments
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PADME experiment in Frascati

It is running and taking some
test data

The project will be improved for
mc2<20 MeV/c2, and after the 
experimental setup will be moved 
to Cornell and/or JLAB.



ForwArd Search ExpeRiment (FASER) at the LHC 
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FASER can discover 

ALPs with masses

ma∼10–400 MeV

Exp. Starts at 2023.



A few other planned experiments to study X17

• Mu3e is a particle physics 
experiment at the Paul 
Scherrer Institute, searching 
for decays of anti-muons (Mu) 
to an electron and two 
positrons (3e).

• VEPP-3 is planned experiment 
in Vladivostok, Russia. They are 
planning to use intense 
positron beams.

• DarkLight is an experiment at 
the JLAB in USA using 
electron–proton collisions. 

Annual Conference on Large 
Hadron Collider Physics -
LHCP2019,
Jürgen Engelfried, Dark sector 
searches in non-LHC experiments,

https://scholar.google.hu/scholar?hl=hu&as_sdt=2005&sciodt=0,5&cites=17391295264019262192&scipsc=&q=



• The 8Be anomaly has been reproduced with an upgraded 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 21.01 MeV 0-
0+ transition 

at a correspondingly smaller angle. The significance of the peak is 7.6 σ.

• We are planning to study the γγ-decay of X17 to determine their spin.

• Promising outlook.

Conclusion
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To 8Be continued…
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