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ATOMKI is the Institute for Nuclear Research, Hungarian 
Academy of Sciences. The institute is located in Debrecen and 
was established in 1954 by Sándor Szalay, the founding director.

https://en.wikipedia.org/wiki/Hungarian_Academy_of_Sciences
https://en.wikipedia.org/wiki/Debrecen
https://en.wikipedia.org/wiki/S%C3%A1ndor_Szalay_(physicist)
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4He as Hexa-Diquark state 
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Binding Energy per Nucleon
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B.E /N of 4He is 
significantly larger 
than all nearby nuclei

4.95 MeV/N



Two-state system in Quantum Mechanics 
Feynman lectures on physics
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i~dC1

dt
= H11C1 +H12C2

i~dC2

dt
= H21C1 +H22C2
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Possible Explanation for X17  
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4He*->He: 0+ à 0+ EM transition

8

0+

0+

• 0+ à 0+ EM transition is forbidden with the real photons in the final state 
due to the conservation of the angular momentum

• Real photon has projection of the spin to the photon momentum +1 or -1.
• Orbital momentum has no projection to the direction of particle motion.
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0+ à 0+ EM transition
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Good to search for a new physics



0+ à 0+ EM transition
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q2>0

Allowed

Good to search for a new physics



Matrix Element    4He* à 4He + (e+e-)
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e-
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Matrix element of the EM decay 4He* à 4He + (e+e-) was calculated in the 
“Dynamic evidence for the fifth force explanation of the ATOMKI nuclear 
anomalies”, paper 2006.01151, June 2020

The authors used F(q2)=1. They did not calculate e+e- invariant mass distribution.



Matrix Element    4He* à 4He + (e+e-)
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4He* à 4He + (e+e-) Phase space
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Differential Width 4He* à 4He + e+e-
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No enchantment 
in the region of 
X17!



Transition Formfactors in Time-Like region
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Experiments from LEPTON setup,  IHEP, Protvino, Russia
1979-1981



Transition Formfactors in Time-Like region
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Vector dominance model gives an idea how  time-like and 
space-like form factors look like



Add formfactor: 
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• F(q2)=1
• F(q2)=e(q/l)2   ,l=14 MeV
• X17 signal

Form factor may
create peak at 17
MeV but it is too 
wide in comparison 
with ATOMKI signal

X17



Add formfactor: 
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• Fit gives l=11 MeV
• No peak appears
• Form factor did not help!

ATOMKI signal M=17 MeV s=  0.7 MeV
1. Narrow
2. Far away from the kinematical limit 20.5 MeV There is no way to describe 

this signal by any reasonable 
matrix element with FF



What if DM=17.9 instead of 20.5 MeV?
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Gaussian Fit

• Very good fit, even better than with 
Gaussian function

• Predicted the new 4He* excited state 
with DM=17.9 MeV above the He 
ground state

Background

DM=17.9 +/-0.8MeV
FF with l=6.2 +/-0.2 MeV

• Form factor has unrealistic l=6.2 MeV (~30 fm)
• Expected l around 150 MeV (~1 fm)
• Contradicts the ATOMKI event selection cuts     

E(e+e-)=20.5+/- 1 MeV



8Be*(18.15)à 8Be+(e+e-)
Xilin Zhang, Gerald A. Miller (Univ of Washington)

Can nuclear physics explain the anomaly observed in the internal pair production in the Beryllium-8 
nucleus?

Physics Letters B 773 (2017)
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ATOMKI anomaly 2016FF with l=20 MeV

• The nuclear physics modeling 
of the reaction can not 
explain the anomaly

• Explore the nuclear transition 
form factor as a possible 
origin of the anomaly and find 
the required form factor to be 
unrealistic for the 8Be nucleus 
(l=20 MeV)



Nuclear Physics and X17 anomaly

• Nuclear physics conventual electromagnetic transitions cannot 
explain the X17 ATOMKI anomaly for both  8Be or 4He

• Adding form factor helps but the required parameters are
unrealistic for the nuclear transition of these nuclei

• It makes interpretation of the X17 as an exotic particle more
robust
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X17 anomaly
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It is still not late for HPS to make a contribution 
in resolving the X17 anomaly mystery

X17



Summary

• I examine the possible explanation of the ATOMKI anomaly in the 
framework of the effective field theory of the electromagnetic 
transition 4He*(20.5)à4He+(e+e-).

• This theory cannot explain the anomaly
• The nuclear transition form factor may help to simulate peak in 

the e+e- invariant mass spectrum but doesn’t describe the 
experimental signal with any reasonable FF parameters

• The ATOMKI signal looks like a transition from the new excited  
4He(17.9) state but the required FF parameter is unrealistic for the 
4He nucleus (l=6.2 MeV)

• This hypothesis contradicts also the experimental event selection 
cuts

• All these arguments make the interpretation of the X17 anomaly 
as production of the new exotic particle more solid.

• It may affect in my view the future HPS program


