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DM mass

keV MeV GeV TeV

WIMPs
• Searches with high-energy colliders, 

underground experiments
• No clear signal yet

Ultralight dark matter
• Searches with atomic 

and nuclear systems
• No clear signal yet • Searches with low 

energy, high intensity
• Increasing interest
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Strong interest in light bosons 
• Strong interest in                 boson X
• Parameter space of proton coupling and electron coupling as    

    well-explored, many experiments planned or ongoing
• However, few constraints on just the neutron coupling in 10-

100 MeV mass range
• Reason: hard to probe, no free neutron target
• But bounds would be useful:

    Probe flavor-dependent couplings 
    Constrain X17?
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ATOMKI anomaly: X17

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 6
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Phys. Rev. D 95, 035017

See previous talk!



Timeline: X17 + theory 

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 8

2016
ATOMKI group reports anomalous signals in… 
• 8Be decays 

• 4He decays

• 12C decays

Phys. Rev. Lett. 116, 042501 (2016)

2021 Phys. Rev. C 104, 044003 (2021)

2022 Phys. Rev. C 106, L061601 (2022)

2022-
now

Tensions in theory?
See JHEP 02 154 (2023), 
       Phys. Rev. D 108, 015009 (2023),
       Phys. Rev. D 108, 055011 (2023), 
       Phys. Lett. B 858 139031 (2024),
       and many others! 

Disclaimer: timeline not 

exhaustive, many relevant & 

important papers left out!

Phys. Lett. B 858 139031 (2024)

All colored regions should 

overlap at least at one 

point, but they don’t!



More theory developments…
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Now
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Separate data on proton and 
neutron coupling needed!
• Reason: to constrain the more exotic flavor-dependent dark 

matter models & X17
• How to measure the neutron coupling?

 Use quasi-free neutrons!
• How to measure quasi-free neutrons? 

 Deuteron photodisintegration!
• Previously: similar measurements for extraction neutron 

polarizability (Phys. Rev. Lett. 88, 162301)
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Diagram topologies to one loop
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Dominant diagram topologies
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Pole diagrams Rescattering diagrams

Plane wave Distorted wave
Only plane wave: PWIA
Plane wave + distorted waved: DWIA

Dashed: 
PWIA

Dash-dot: DWIA
        Solid: DWIA + MEC

Few-Body Systems 16, 101-125 (1994)



Suppressing proton contributions
• As a first step consider only PWIA

(currently calculating DWIA + MEC)
• Goal: extract neutron observables
• Question: how to suppress proton plane-wave contribution?

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 15
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Neutron quasi-free peak
• In deuteron rest frame can show: 
•  

•  
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Neutron quasi-free peak
• In deuteron rest frame can show: 
•  

•  

• Non-relativistic deuteron wave-function 
consists of s wave and d wave. 
• Dominant contribution: s wave
• Go to region 
•                         deuteron binding energy 

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 16



Signal (I)
• Consider PWIA in more detail:

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 17

Bethe-Heitler

Time-like nucleon 
Compton
• Born
• π0 t-channel 

exchange
• Neutron scalar 

polarizability



Signal (II)
• Consider PWIA in more detail:

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 18

• New boson X can appear as 
narrow resonance on top of 
QED background

• Restrict kinematics s.t.

• Then:  BH negligible



Binning data
• Real world: cannot set                                    exactly
• Bin data:

with bin width
• N.B. possible

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 19



Binning data
• Real world: cannot set                                    exactly
• Bin data:

with bin width
• N.B. possible

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 19

e+e- invariant mass

cr
os

s 
se

ct
io

n



Binning data
• Real world: cannot set                                    exactly
• Bin data:

with bin width
• N.B. possible
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What kinematic regions is NQFP 

condition valid and X on resonance?



MESA
•Mainz Energy-Recovering Superconducting Accelerator
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MESA
•Mainz Energy-Recovering Superconducting Accelerator
• Low energy, high intensity electron beam + gas jet target
• Expected 2025
• Double-sided superconducting Energy-Recovery Linac
• Beam energy: 
• Luminosity:
• MAGIX is a pair of multipurpose spectrometers, expected 

precision

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 21



Projections MAGIX@MESA (I)

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 22

yellow = better



Projections MAGIX@MESA (II)

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 23

Scalar Pseudoscalar

Vector Axial vector

Pre-existing 
constraints

Different 
kinematics 
@MESA

Competitive 
constraints for 
pseudoscalar or 
axial vector?
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Conclusion & outlook
• Shifting interest in new light boson (LDM, X17, etc.)
• Neutron observables not as constrained
• Access neutron observables with deuteron photodisintegration 

+ tagging, previously successful
• Extensions: 
• same principles w/ more neutron-rich system, enhancement signal
• if no signal, neutron polarizabilities? (currently WIP!)

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 & Phys. Lett. B 858 139031 24
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Backup slides
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Tensions in theory?
See JHEP 02 154 (2023), 
       Phys. Rev. D 108, 015009 (2023),
       Phys. Rev. D 108, 055011 (2023), 
       Phys. Lett. B 858 139031 (2024),
       and many others! 
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important papers left out!



Meanwhile, in experiment…
ATOMKI     (HU)
VNU             (VN)
MEG-II        (CH)
PADME       (IT)
CCPAC        (CA)
MAGIX       (DE)
JLAB           (US)
NEW JEDI (FR)
n_TOF        (CH)
CTU             (CZ)
Others…
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Disclaimer: list of planned & 

current experiments not 

exhaustive!

See previous talk!



Some key observations
• Mass X17 ~ 17 MeV/c2

• Parity analysis:

• X17 couples (at least) to protons, neutrons and electrons
• Existing constraints from NA48/2,

may imply a vector X17 couples weakly to protons 
(“protophobia”) 

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 29

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- ✔ ✔ ✔



Projections MAGIX@MESA
• Assuming we see a signal (bump), what is the smallest value of 

the neutron coupling we would be able to exclude (=reach)

• Recall relation no. events and cross section,
• Poisson statistics, 
• So,

• Finally,

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 30



Kinematics
•              Lorentz scalar                     independent variables
• Pick following eight variables (in deuteron rest frame):
•  
•  
•  

  where     is the
  tagged nucleon

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 31



Table ATOMKI decays

32Cornelis J.G. Mommers, Phys. Rev. D 109, 095010



Theory analysis
• Assume definite parity ( JP )
• Example: 8Be(18.15), 1+

•  

33Cornelis J.G. Mommers, Phys. Rev. D 109, 095010



Theory analysis
• Assume definite parity ( JP )

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- ✔ ✔ ✔
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Diagrams in detail (QED)
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Diagrams in detail (signal)
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Projections MAGIX@MESA (II)
• Assuming we see a signal (bump), what is the smallest value of 

the neutron coupling we would be able to exclude (=reach)

• Recall relation no. events and cross section,
• Poisson statistics, 
• Then,
• So,

• Finally,

Cornelis J.G. Mommers, Phys. Rev. D 109, 095010 38



Verifying the QED background (I)
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Verifying the QED background (II)
Few Body Syst. 16 (1994) 101-125
DOI: 10.1007/BF01355284
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Influence phase space reach
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