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Calculations of p + 7Li Capture Reactions

The X17 Anomaly in p + 7Li ⟶ 8Be
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Method: No-core Shell Model 
with Continuum

“An anomaly in the internal pair creation on the M1 transition 
depopulating the 18.15 MeV isoscalar 1+ state on 8Be was observed. 
This could be explained by the creation and subsequent decay of a new 
boson .. mass 17.01(16) MeV” [1]

Can ab initio nuclear theory help interpret the anomaly?

● Nuclear reactions require access to continuum degrees of freedom.
● We extend our ansatz to include cluster states with relative motion [3].
● We then solve coupled equations at each value of total energy E.

Our ansatz includes both p + 7Li and n + 7Be cluster states:

● The decay of 8Be 1+ excited states produces electron-positron pairs.
● The bump in the angular correlation between pairs in transitions from 
one of these resonances could indicate the existence of a new particle!

Eigenphase shifts indicate the position and 
width of resonances in the composite 
system, the 1+ resonances are most relevant 
to the anomaly.
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Capture at Ep = 1021.5 keV (Orsay)
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● Calculate 7Li(p,e+e--)8Be with γ→e+e-- operator and various X→e+e-- 
operators (e.g. axions, axial vector bosons)

● Explore charge-exchange reactions relevant for nucleosynthesis 
(7Be(n,p)7Li, 7Li(p,n)7Be)

● Include α degrees of freedom (8Be is unstable to α+α break-up)

The 1+ resonances enhance the cross section of 7Li(p,γ)8Be capture.

Experiment at ATOMKI (Hungary)
γ0 : decay to 
ground state (0+)γ1 : decay to first 
excited (2+)

Phenomenological adjustment is needed to get the 1+ resonances at 
the correct energies (i.e. shifting input NCSM energies).

Ongoing and planned measurements at Orsay and Montreal may 
confirm the X17. Calculated differential cross-sections for the 
isoscalar transition (decay of the second 1+) have reasonable 
agreement with experiment.

Atomic nuclei are complex strongly-interacting systems. An accurate 
theoretical description of nuclei is needed to interpret experiments.

Ab initio nuclear theory uses realistic two- and three-nucleon interactions 
to construct a Hamiltonian with the nucleons as the degrees of freedom. 
We can find the bound states of the nucleus
 by solving the eigenvalue problem:

The no-core shell model (NCSM) [2] uses 
an ansatz wavefunction which is a 
linear combination of products of 
harmonic oscillator states. 

In this framework the wavefunction and energies will converge to the 
exact value as                       but the extension “no-core shell model 
with continuum” (NCSMC) is needed to capture properties of weakly 
bound and scattering states.

Calculations of bound states are improved by 
inclusion of the continuum. (Nmax=9)
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