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• New particle conjectured to explain ATOMKI anomaly
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• Assume definite parity ( JP )
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State (MeV) Scalar (0+) Pseudoscalar (0-) Vector (1-) Axial vector (1+)

8Be(18.15), 1+ ✔ ✔ ✔

8Be(17.64), 1+ ✔ ✔ ✔

4He(21.01), 0- ✔ ✔

4He(20.21), 0+ ✔ ✔

12C(17.23), 1- ✔ ✔ ✔



Theory analysis

• For vector X17 proton coupling bounded by NA48/2 
(protophobic, see Phys. Rev. D 95, 035017 [2017])
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Theory analysis

• For vector X17 proton coupling bounded by NA48/2 
(protophobic, see Phys. Rev. D 95, 035017 [2017])

• Derive limits on neutron coupling 
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Phys. Rev. D 108, 055011 (20230

• Parity etc. still unclear

• Need independent verification!

• Ongoing/planned experiments 
at JLAB, CCPAC (Montreal), 
PADME and others (see 
Eur.Phys.J.C 83 (2023) 3, 230)

• We propose a direct search at 
MAGIX experiment at MESA
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• MESA is a linear 
accelerator under 
construction in Mainz

• Low energy, high 
intensity electron beam 
~105 MeV

• MAGIX is a pair of 
multipurpose 
spectrometers, expected 
to measure mee with 
precision of 0.1 MeV



Deuteron with neutron tagging

• Direct search using γN → Ne+e-
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Deuteron with neutron tagging

• Direct search using γN → Ne+e-

• Stronger signal with neutrons, QED background suppressed

• No free neutron target!

• Consider neutron bound in deuteron, γd → e+e−pn

• Pick kinematics where neutron is “quasi-free”

• Work within plane-wave impulse approximation:
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Relevant diagrams
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Relevant diagrams

• Higher-order corrections ~25%, tree level sufficient for this work
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Signal optimization

• Optimize kinematics such that X17 
signal is visible over QED 
background, subject to constraints 
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Signal optimization

• Optimize kinematics such that X17 
signal is visible over QED 
background, subject to constraints 

• Sensitivity MESA: δmee = 0.1 MeV
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Results (I)

X17 discovery potential from γd→e+e−pn, Cornelis J.G. Mommers & Marc Vanderhaeghen, arXiv:2307.02181 [hep-ph] 15



Results (II)
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Outlook
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• Potential spin-off:
using same measurement data to get neutron polarizabilities

• p:

• n:

PDG
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Summary
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• ATOMKI anomaly is a smoking gun

• Much is still unclear, clear need for independent experiments

• MAGIX experiment at MESA is uniquely suited for a direct search 
using neutron tagging

• Calculation may be extended for exclusion plots
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Table ATOMKI decays

X17 discovery potential from γd→e+e−pn, Cornelis J.G. Mommers & Marc Vanderhaeghen, arXiv:2307.02181 [hep-ph] 23



Deriving limits on couplings (P)
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• SINDRUM:  (Phys. Lett. B 175, 101 (1986))

• Multipole:  



Deriving limits on couplings (V)
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• NA48/2: (Phys. Lett. B 746, 178 (2015))

• Multipole:  



Deriving limits on couplings (A)
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• Matrix elements from Phys. Rev. D 95, 115024

• Multipole:  



Diagrams in detail (QED)
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Diagrams in detail (signal)
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Deuteron wave function

• Use CD-Bonn wave function in momentum space
(DOI: 10.1103/PhysRevC.63.024001)
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https://doi.org/10.1103/PhysRevC.63.024001


PWIA
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Averaging the signal
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Verifying the QED background (I)
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Verifying the QED background (II)
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Few Body Syst. 16 (1994) 101-125

DOI: 10.1007/BF01355284



Optimizing kinematics

1. |pp| < (mN Δ)1/2 ~ 45.7 MeV/c

2. 15 ° < |θi| < 165 °, i = +, -

3. 5 ° < |θn| < 165 °, 

4. |p±| > 20 MeV/c

• Scan parameter range

• Find maximum

• Fine tune parameters
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