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

Article in Nature, 
CNN news, boom in 
the media
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The newly built tandetron lab. in ATOMKI and the 
newest version of the e+e- spectrometer 
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4He 12C

Kinematical evidence 
for the X17 particle

PRC 2021 PRC 2022

Our recent experimental results

Nucl. Phys. News.

Frontiers of 

Fundamental 

Physics (FFP16), 

Conf. Proc. 2024
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Az X17 részecske kutatása különböző laborokban

1. HUS, Hanoi, Vietnam

2. JINR, Dubna, Russia

3. BES III, Beijing, China

4. MEG II, PSI, Willigen, Switzerland

5. PADME, Rome, Italy

6. New JEDI projekt , GANIL, France

7. INFN, Legnaro, Italy

8. DAFNE, Montral, Canada

9. CTU, Prague, Czechia

10. nTOF, CERN, Switzerland

11. NA64, CERN, Switzerland
12. NA62, CERN, Switzerland
13. BES-III, Beijing, China
14. FASER, CERN, Switzerland
15. SUPER-X, ANU, Canberra, Australia
16. DARKLIGHT, GLAB, USA
17. PRad, GLAB, USA
18. REDTOP, USA, Purdue, USA
19. Belle-II, SuperKEKB, Japan
20. NA48, CERN, Switzerland
21. MAGIX, Dark MESA, Mainz, Germany
22. VEPP-3, Vladivostok, Russia
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Tran The Anh et al., Universe 2024, 10(4) 168.17. Magyar Magfizikus Találkozó



Aceptance corrected angular correlations

Ep=441 keV 
No anomaly 

Ep=1.04 MeV. Background: M1+E1
The anomaly appears at angle 
around 140o  (*)

mboson=16.7 ± 0.47 (MeV)
Significance: 4-5σ
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Confirmation of the X17 particle 
in the Dubna experiment 

8

Confirms our results on the 
e+e- -decay of X17

Confirms our results on the 
γγ- -decay of X17

Abraamyan et al., Phys. Part. and Nuclei, 2024, 55, 4.17. Magyar Magfizikus Találkozó



New experiments in HUN-REN ATOMKI
Study the γγ-decay of the X17 particle

The Dubna results for 2γ decay …

X17 is a QED meson ???
Cheuk-Yin Wong, MDPI, Universe, 2024, 10, 173
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Az X17 első részecskefizikai megerősítése

Beijing, China
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Search for the X(17) particle in the 7Li(p,e+e-)8Be reaction
with the MEG II detector (PSI, Willigen, Switzerland)

11
A  X17 data collection fully exploiting the 1030 keV is foreseen 
during the first part of 2025.17. Magyar Magfizikus Találkozó
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The New JEDI (Judicious Experiments for Dark sectors 
Investigations) project (PI:Beyhan Bastin GANIL, France)

The two set of Double-Sided Silicon Strips Detectors (DSSSDs) of the New 

JEDI setup provides energy losses and angles of the detected electrons and 

positrons. In addition, the sets of plastic detectors with SiPM readout is used 

to measure the residual energy of electrons and positrons. 

We plan to develop a 

long-term research 

program in the MeV terra 

incognita energy range at 

the new SPIRAL2 facility, 

that will deliver unique 

high-intensity beams of 

light, heavy-ions and 

neutrons in Europe.

In practice, three 

experiments using the 

New JEDI setup 

concerning the existence 

of the X17 Dark Boson 
are envisaged… 
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https://beyhan-bastin.cnrs.fr/


DSSD + Plastic sci. with SiPM readout.
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Triple GEM 
stack.

Readout with 
SAMPA chip, 
developed by 
USP for ALICE 

17. Magyar Magfizikus Találkozó



17. Magyar Magfizikus Találkozó



Workshop at 1 GeV Scale: From mesons to axions, Cracow
• Probing light dark particles with η and η’ decays Sergi Gonzalez-Solis

• An update of the X17 particle Attila Krasznahorkay

• New light particle searches with PADME Kalina Dimitrova

• Search for Hidden Sector New Particles in the 3-60 MeV Mass Range: 

Focusing on the Hypothetical X17 Particle William Briscoe

• Storage ring as an ALP antenna - an experimental proof of principle Aleksandra Wrońska

• Search for Dark Photons by the HPS experiment at Jefferson Lab Alessandra Filippi

• Searching for WIMP and axion dark matter with DEAP-3600 Marcin Kuźniak

• Searches for cold dark matter particles in the DarkSide experiment Grzegorz Zuzel

• The GLUEX JLab Eta Factory (JEF) Experiment at JLAB Hall D William Briscoe

• Recent results from the GlueX collaboration Yannick Wunderlich

• Light mesons and axions at BESIII Andrzej Kupsc

• Anomalous interactions for mesons with J=1,2 and glueballs Francesco Giacosa

• The REDTOP experiment: a η/η' factory to explore dark matter and physics beyond the Standard Model Marcin 

Zieliński

• Exclusive analysis of the pp $\to$ ppKK reaction with HADES detector Valentin Kladov

• Exclusive production of eta meson in proton-proton collisions at FAIR energies Piotr Lebiedowicz

• Search for X17 in the η->e+e-π+π- decay at pp@4.5 GeV with HADES Krzysztof Prościński

• Exclusive production of η and ω in pp@4.5 GeV with HADES Szymon Trelinski

• Inclusive production of η and ω in pp@4.5 GeV with HADES Mr Adam Strach
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Thank you very much for your kind attention.
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The NA64 experiment at CERN

• The main aim of the NA64 experiment is to search for unknown particles from a 
hypothetical “dark sector”. These particles could be dark photons, which would 
carry a new force between visible matter and dark matter, in addition to gravity, or 
they could make up dark matter themselves.

• For these searches, NA64 directs an electron beam of 100–150 GeV energy from 
the Super Proton Synchrotron (SPS) onto a fixed target. Researchers then look 
for unknown dark- sector particles produced by collisions between the SPS 
beam’s electrons and the target’s atomic nuclei. The search can either be done 
by looking for ordinary particles, such as electrons, into which the new particles 
would decay, or for the “missing” collision energy the dark-sector particles would 
carry away.

• NA64 also searches for axions and axion-like particles that could explain the 
puzzling symmetry properties of the strong force or serve as a mediator of a new 
force. The experiment looks for the production of such particles in interactions 
between high-energy photons generated by the SPS beam’s electrons in the 
target and virtual photons from the target’s atomic nuclei.
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https://na64.web.cern.ch/node/10
https://home.cern/science/physics/dark-matter
https://home.cern/science/accelerators/super-proton-synchrotron


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

Search for Axionlike and Scalar Particles with the NA64 Experiment, D. Banerjee et al. (NA64 

Collaboration)

Phys. Rev. Lett. 125, 081801 – Published 17 August 2020

"Search for a hypothetical 16.7 MeV gauge boson and dark photons in the NA64 Experiment at 

CERN". Physical Review Letters. 120 (23): 231802, (2019).
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Forward Search Experiment

• FASER* (Forward Search Experiment), CERN’s newest experiment, is now in place in 
the LHC tunnel, only two years after its approval by CERN’s Research Board in March 
2019. FASER is designed to study the interactions of high-energy neutrinos and search 
for new, as-yet-undiscovered light and weakly interacting particles. Such particles are 
dominantly produced along the beam collision axis and may be long-lived particles, 
travelling hundreds of metres before decaying. The existence of such new particles is 
predicted by many models beyond the Standard Model that attempt to solve some of 
the biggest puzzles in physics, such as the nature of dark matter and the origin 
of neutrino masses.

• FASER is located along the beam collision axis, 480 m from the ATLAS interaction 
point, in an unused service tunnel that formerly connected the SPS to the LEP collider –
an optimal position for detecting the particles into which light and weakly interacting 
particles will decay.
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https://faser.web.cern.ch/index.php/
https://faser.web.cern.ch/index.php/
https://home.cern/science/physics/dark-matter
https://home.cern/tags/neutrino


Search for K+ decays into the π+e+e−e+e− final 
state
NA62 collaboration, Phys.Lett.B 846 (2023) 138193

• Assuming an axion mass of 17 MeV/, lower bounds of >2E-8 is 
predicted, allowing a test of the QCD axion explanation for the 
17 MeV anomaly. 

• Upper limits at 90% CL are obtained at the level of 1E-9 for the 
branching ratios of two prompt decay chains.

•  QCD axion is ruled out
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https://www.sciencedirect.com/topics/physics-and-astronomy/quantum-chromodynamics
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A plan for a super η factory at Huizhou
accelerator complex

arXiv:2407.00874
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https://arxiv.org/abs/2407.00874
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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.
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Searching for new light gauge bosons 
at colliders

I. Alikhanov and E. A. Paschos

Phys. Rev. D 97, 115004 – Published 5 June 2018

The standard processes and that lead to the same signal 

are considered. The case with a light scalar boson is also 

discussed. The calculations are performed at 10 GeV in 

detail and can be useful for additional studies.
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Searching for a dark photon: Project of the 
experiment at VEPP-3

• The VEPP-3 electron-positron storage ring

• The VEPP-3 storage ring (perimeter: 74.4 m, injection energy: 350 MeV, maximal energy: 2000 
MeV) was built in 1967-1971 and modernized in 1986-1987.
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New accelerator in Russia at the
Joint Institute for Nuclear Research, Dubna

• FLAP (Fundamental & applied Linear Accelerator Physics 
collaboration) devoted to the study of the basics of 
electromagnetic interactions and new applications of 
controllable generation of electromagnetic radiation by 
relativistic electrons using functional materials.
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A new direct detection electron scattering 
experiment to search for the X17 particle.
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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. 
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REDTOP: Rare Eta Decays To Observe 
new Physics (experiments at Fermilab)
• REDTOP is a low-energy, fixed-target experiment in its proposal 

stage. It belongs to the High Intensity class of experiments, as it 
aims at detecting small variations from the Standard Model by 
studying a large sample of events produced with an intense 
beam. REDTOP scientists propose using a 1.8 GeV Continuous 
Wave (CW) proton beam impinging on a target made with 10 
foils of a low-Z material (lithium or beryllium) to produce about 
1013 η mesons in one year of running. The detector surrounding 
those targets will attempt to capture the decay products of the η 
mesons and, in particular, those that are either not expected or 
are suppressed up to the 10-11 level. Read a more detailed 
discussion of the physics processes of interest for REDTOP.
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http://redtop.fnal.gov/the-physics
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