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This day of celebration for the 20 years of the n_TOF activities 
represents a milestone for our research institutes, in particular 

for INFN
(Istituto Nazionale di Fisica Nucleare)

~ 40 researchers 
from 11 INFN 

divisions
+

ENEA
INAF
CNR
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X17, some history

• The search for possible signals form nuclear reactions 
of short-lived neutral bosons with mass ~ MeV dates 
back to 1996

• Theoretical interest in light bosons is even earlier

• Recently Krasznahorkay et al. (ATOMKI) provided new 
experimental evidence of an anomaly in IPC

7Li(p,e+e-)8Be



X17, some history – ATOMKI  (recent) results

1. Krasznahorkay et al., Phys. Rev. Lett. 116, 042501 
(2016):“Observation of Anomalous Internal Pair Creation in 
8Be: A Possible Indication of a Light, Neutral Boson”

2. Krasznahorkay et al., arXiv:1910.10459 (23 October 2019): 
“New evidence supporting the existence of the hypothetic 
X17 particle”

3. Krasznahorkay et al., arXiv:2104.10075 (20 April 2021): “A 
new anomaly observed in 4He supports the existence of 
the hypothetical X17 particle” 

Anomaly in the 
emission of e+e- pairs

Reaction Mx17 ± DMstat± Dmsyst
(MeV)

Statistical 
evidence

t
(sec)

7Li(p,e+e-)8Be 16.70 ± 0.35 ± 0.50 > 5 s 10-14

3H(p,e+e-)4He 16.94 ± 0.12 ± 0.21 > 9 s

Anomaly in the 
emission of e+e- pairs

Anomaly in the 
emission of e+e- pairs

• Signature of a BOSON (X17) beyond Standard Model?
• X17 mediator of a fifth (protophobic) force?



X17, 3H(p,e+e-)4He setup @ ATOMKI

In a nutshell:
• 3H adsorbed on a Ti layer
• 6 plastic scintillators 8x8x8 cm3

• double-sided silicon strip 
detector (3 mm wide strips, 0.5 
mm thick) 

• 1 mm thick carbon fiber tube
• Detector acceptance only 

around 90° with respect to the 
beam axis 

• no tracking

Forbidden 0- à 0+ and 0+à0+ EM transitions



3H(p,e+e-)4He                                   3He(n,e+e-)4He     

X17 @ n_TOF, basic idea: study of 4He excited states



Physics outcome:
• Probing X17 existence 
• X17 Mass, quantic numbers, coupling, life time,.. 
• proto-phobic nature of the fifth force. 
• First measurement of s(E) 3He(n,e+e-)4He 
• Theoretical nuclear physics 
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X17 @ n_TOF, basic idea: study of 4He excited states
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X17 quantum numbers
J=0+

J=0-

J=1-

J=1+



X17 @ n_TOF: possible experimental setups - EAR2 1/2

RICH:

• b(e-,e+) @ 8 MeV = 0,993
• b(p) @ 100 MeV = 0,42 

(below threshold)
• 3He(n,g)4He small background

Working principle:
RECONSTRUCTION in TIME and SPACE
• Ellipse centers: e+e- impact point
• Ellipse shapes: e+e- direction

0 < En < 3 MeV
1021 at/cm3 3He target



X17 @ n_TOF: possible experimental setups - EAR2 2/2

TPC with MGPD



X17 @ n_TOF: (optimistic) timeline

End of 
2021

End of 
2022

End of 
2023

3He target 
R&D

Detector concept 
Monte Carlo  

TESTS of detector 
prototypes 

Final detector 
configuration

Final 3He target 

Measurement
@ EAR2
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NN scattering length, why?

Q: “Neutrons and protons behave in the same way under nuclear 
interaction?”
A: YES! Neutrons and protons can be considered as 2 eigenstates
of the same particle, the nucleon. à New symmetry: isospin [ W. 
Heisenberg, 1932 https://doi.org/10.1007/BF01342433]

ISOSPIN T = 1
Tz = 1 proton – proton 
Tz = 0 neutron – proton 
Tz = -1 neutron – neutron 

In a nutshell:
Forces between 

nucleons are charge 
independent 

(once EM effects are 
removed)

à Charge Symmetry

[HS,T] = 0

HS = strong Hamiltonian

Because of
• u-d quark mass difference
• Electromagnetism
Isospin invariance and charge 

symmetry are only approximate 
symmetries

https://doi.org/10.1007/BF01342433


NN scattering length, why?

Charge Symmetry Breaking (CSB) of the nucleon-nucleon 
interaction refers to a difference between proton-proton and 
neutron-neutron interactions, only.

Experimental evidences?
• mp < mn (would be mn < mp for Coulomb interaction only)
• ann ≠ app (different scattering length)
• 3H – 3He binding energy
• non-vanishing forward-backward asymmetry for the reaction 

n + p à 2H + p0

• ….

Because of
• u-d quark mass difference
• Electromagnetism
Isospin invariance and charge 

symmetry are only approximate 
symmetries

ann = -18.9 ± 0.4 fm
app = -17.3 ± 0.4 fm



NN scattering length, in the literature

In the literature mostly indirect methods can be 
found for the determination of ann, based on
deuteron breakup.                                          

ann = -18.9 ± 0.4 fm
app = -17.3 ± 0.4 fm



NN scattering length, in the literature

In the literature mostly indirect methods can be 
found for the determination of ann, based on
deuteron breakup.                                          

ann = -18.9 ± 0.4 fm
app = -17.3 ± 0.4 fm

n + 2H à n + n + p p- + 2H à n + n + g

Dp = 0



NN scattering length, in the literature

Some considerations:

1. So far, experiments have determined the neutron-neutron 
scattering length at fixed incoming-particle energy and/or at 
limited angular coverage of the outgoing particles

2. While the determination of ann is quite complex; anp is well 
known and considered as a refence.

Q: How to go beyond the present knowledge on the topic?
A: by studying the trend of ann (and anp) as a function of energy.

HOT topic

Measurement at 
NFS in 2022 ?



Measurement of ann @ n_TOF
Active Target

Deuterated scintillator

Neutron detector with 
tracking capability
A. Musumarra et al., 
arXiv:2109.11543 neutron beam

5 < En < 50 MeV

Particle 
discrimination



End of 
2021

End of 
2022

End of 
2023

Test of the
active 
target 

prototype

Detector concepts 
Monte Carlo  

R&D of detectors

Tests and final 
detector 

configuration

Measurement
@ EAR2/EAR1

Test of final 
configuration

X17 @ n_TOF: (optimistic) timeline
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