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A significant anomaly has been observed in the emission of electron-positron 
pairs, from in the 7Li(p,e+e-)8Be, 3H(p,e+e-)4He and 11B(p,e+e-)12C reactions

This anomaly has been interpreted as the signature of a BOSON 
(hereafter X17) not foreseen in the standard model of particle physics

The X17 boson could be a mediator of a fifth force, characterized by 
a strong coupling suppression of protons compared to neutrons

This evidence/scenario is presently not confirmed nor (fully) excluded 
by other experiments or groups 

X17



Observation of Anomalous Internal Pair Creation in 8Be: A Possible Indication of a Light, Neutral Boson
Krasznahorkay, A.J. et al.
Physical Review Letters 116, 042501 (2016)

7Li(p,e+e-)8Be 
MX17 = 16.70  ± 0.35stat ± 0.70syst MeV 

statistical evidence: 5𝜎

e+e- pairs created by M1 (IS+IV) transitions 
from the two 1+ states to the ground-state 
(converted to e+e- pairs)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501


MX17 = 17.03  ± 0.11stat ± 0.20syst MeV 11B(p,e+e-)12C e+e- pairs created by E1 transitions 1- -> 0+

New anomaly observed in 12C supports the existence and the vector character 
of the hypothetical X17 boson
Krasznahorkay A.J. et al.
Phys. Rev. C 106, L061601 (2022)

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.106.L061601


3H(p,e+e-)4He e+e- pairs created by DRC M1 + E1 transitions

4He(0+) ෢M1 3H(1/2+) ⊗ 𝜓𝑝
𝑙=0

𝐽𝜋=1+

4He(0+) ෢E1 3H(1/2+) ⊗ 𝜓𝑝
𝑙=1

𝐽𝜋=1−

New evidence supporting the existence of the hypothetic X17 particle
Krasznahorkay A.J. et al.
Phys. Rev. C 104, 044003 – Published 18 October 2021

doi:%20https://doi.org/10.1103/PhysRevC.104.044003


3H(p,e+e-)4He e+e- pairs created by DRC M1 + E1 transitions

E0 transition from the 0+ state (only IPC) 

New evidence supporting the existence of the hypothetic X17 particle
Krasznahorkay A.J. et al.
Phys. Rev. C 104, 044003 – Published 18 October 2021

doi:%20https://doi.org/10.1103/PhysRevC.104.044003


3H(p,e+e-)4He Krasznahorkay, A.J.; et al.:

"Observation of Anomalous Internal Pair Creation in 8Be: A Possible Indication of a Light, Neutral Boson".

Physical Review Letters. 116 (42501): 042501 (2016).
Krasznahorkay, A.J.; et al.:

"New evidence supporting the existence of the hypothetic X17 particle".

arXiv:1910.10459v1 [nucl-ex] (23 October 2019). 

Krasznahorkay, A.J.; et al.:

"A new anomaly observed in 4He supports the existence of the hypothetical X17 particle".
arXiv:2104.10075v1 [nucl-ex] (20 April 2021). 

Reaction MX17±DMstat±DMsyst

(MeV)

Statistical evidence

7Li(p,e+e-)8Be 16.70±0.35±0,50 >5 sigma

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

A significant anomaly has been recently observed in the emission of electron-positron pairs in

the 7Li(p,e+e-)8Be and 3H(p,e+e-)4He reactions.

v This anomaly has been interpreted as the signature of a BOSON
(hereafter X17) not foreseen in the standard model of particle
physics.

v X17 boson could be a mediator of a fifth force, characterized by a
strong coupling suppression of protonscompared to neutrons.

v This evidence/scenario is presently not confirmed or excluded by
other experimentsor groups.

X17 ATOMKI Results

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

MX17 = 16.84  ± 0.16stat ± 0.20syst MeV 

statistical evidence: 9𝜎

New evidence supporting the existence of the hypothetic X17 particle
Krasznahorkay A.J. et al.
Phys. Rev. C 104, 044003 – Published 18 October 2021

e+e- pairs created by DRC M1 + E1 transitions

No M0 transitions from the 0- state

E0 transition from the 0+ state (only IPC) 

doi:%20https://doi.org/10.1103/PhysRevC.104.044003


3He(n,e+e-)4He e+e- pairs created by DRC M1 + E1 transitions

No M0 transitions from the 0- state

E0 transition from the 0+ state (only IPC) 

4He(0+) ෢M1 3He(1/2+) ⊗ 𝜓𝑛
𝑙=0

𝐽𝜋=1+

4He(0+) ෢E1 3He(1/2+) ⊗ 𝜓𝑛
𝑙=1

𝐽𝜋=1−

Searching for the X17 Particle using the novel n+3He Reaction
CERN-INTC-2025-001 INTC-P-727
Carlo Gustavino et al. (The n_TOF Collaboration)

https://cds.cern.ch/record/2920978


3He(n,e+e-)4He e+e- pairs created by DRC M1 + E1 transitions

No M0 transitions from the 0- state

E0 transition from the 0+ state (only IPC) 
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3He(n,e+e-)4He 

4He(0+) ෢M1 3He(1/2+) ⊗ 𝜓𝑛
𝑙=0

𝐽𝜋=1+

4He(0+) ෢E1 3He(1/2+) ⊗ 𝜓𝑛
𝑙=1

𝐽𝜋=1−

e+e- pairs created by DRC M1 + E1 transitions

No M0 transitions from the 0- state

E0 transition from the 0+ state (only IPC) 

Searching for the X17 Particle using the novel n+3He Reaction
CERN-INTC-2025-001 INTC-P-727
Carlo Gustavino et al. (The n_TOF Collaboration)

https://cds.cern.ch/record/2920978


3He(n,e+e-)4He e+e- pairs created by DRC M1 + E1 transitions

No M0 transitions from the 0- state

E0 transition from the 0+ state (only IPC) 

Searching for the X17 Particle using the novel n+3He Reaction
CERN-INTC-2025-001 INTC-P-727
Carlo Gustavino et al. (The n_TOF Collaboration)

• Follow energy-dependence of the e+e- pairs emission

• Can estimate a proto-phobic effect of the X17 coupling (?)

• e+e- emission plane NOT restricted to 90o :

Can determine the nature of the X17 particle

Why neutrons?

https://cds.cern.ch/record/2920978


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

Searching for the X17 Particle using the novel n+3He Reaction
CERN-INTC-2025-001 INTC-P-727
Carlo Gustavino et al. (The n_TOF Collaboration)

M Viviani et al., Phys. Rev. C 105, 014001 (2022)

https://cds.cern.ch/record/2920978
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.014001


n_TOF @ CERN

n_TOF

C. Rubbia et al., A high resolution spallation driven 
facility at the CERN-PS to measure neutron cross sections 
in the interval from 1 eV to 250 MeV
CERN/LHC/98-02(EET) 1998

CERN/LHC/98-02(EET)%201998.


The n_TOF facility

20 GeV/c proton 
beam from the PSPb spallation target

collimators

sweeping magnets



NEAR

The n_TOF facility

20 GeV/c proton 
beam from the PS@2.5 m

EAR1 EAR2

@186.5 m

@ 20 m



Total Absorption Calorimeter (TAC), 40 BaF2

2-Quad Timepix for beam alignment

Experimental Area 1 (EAR1)



s-TED ring configuration
to maximize efficiency & S/B

● 9 s-TED @ 4.5 cm
● 2 C6D6 @ 17 cm
● 1 LaCl3 @ 9 cm

Experimental Area 2 (EAR2)



Experimental setup
● Four 40 x 40 cm2 resistive Micromegas detectors to 

measure the angle between e+ and  e-

○ 3 cm drift gap for micro-TPC 3D reconstruction 
(look for tracks pointing back to source)

○ 1024 strips per detector, pitch of   ̴800 μm

● Read out of   4̴k channels with DREAM electronics

● MMs backed by scintillator walls – vertical strips
○ extra point for timing and tracking

3He

e+

e-

3He

e-

Mylar window

Mesh

Readout

Micromegas

Scintillators

n
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● Four 40 x 40 cm2 resistive Micromegas detectors to 

measure the angle between e+ and  e-

○ 3 cm drift gap for micro-TPC 3D reconstruction 
(look for tracks pointing back to source)

○ 1024 strips per detector, pitch of   ̴800 μm

● Read out of   4̴k channels with DREAM electronics

● MMs backed by scintillator walls – vertical strips
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Cherry-picking a nice event, can reconstruct a track in agreement with the 
reference tracker

source: Dylan Neff, April 2926 

Tracks reconstruction in 𝜇-TPC mode



source: Dylan Neff, April 2926 

Tracks reconstruction in 𝜇-TPC mode
Cherry-picking a nice event, can reconstruct a track in agreement with the 

reference tracker



• Neutron beam dimension 3 cm diameter
• Inner layer of aluminum alloy (SCALMALLOY of 0.5mm 

thickness) to prevent He diffusion (LNGS AM Group)
• High modulus Carbon Fiber external layer (T1200 H) for 

mechanical resistance, 3 layers of 0.3 mm thickness
• Capillary aluminum tube (0.5 mm inner/2.5 mm outer 

diameter, 1.5 m long

3He gas-cell

by Pierfrancesco Mastinu et al., INFN-Legnaro, Italy



pressure gauge WIKA A-10

high-pressure valve

commercial 
3He tank

3He recovery tank

calibrated 
rupture disks

Cryostat

Gas-cell with 3He at ⍴ =59 g/l. Filling procedure:

• The gas-cell is immersed in a liquid bath at 3.2 K inside the
cryostat

• The valves is gently opened and the 3He gas start to fill the
gas-cell

• Once the gas-cell is filled, the valve is closed
• The cryostat is switched off and, slowly, the temperature

increased up to 295 K
• The 3He pressure goes from 1 bar to 480 bars
• The filled gas-cell is disconnected and mounted on the beam

line

thanks to T Koettig et al., of the Cryogenic group at CERN

3He gas-cell

by Pierfrancesco Mastinu et al., INFN-Legnaro, Italy



X17 expected
### run ###

#protons/day : 1.20e+17

#pulses/day : 1.41e+04

#e+e- (IPC) [1/day]: 3060

#X17 [1/day]: 76

### totals for the run ###

#days of run : 30

#e+e- (IPC) : 91798 +/- 303

#X17 : 2295 +/- 48 

#confidence level : 7



n_TOF experiment timeline

today 2026

Build detector 1 & 2, new DAQ Build detector 3 & 4

data taking



The n_TOF
Collaboration
in 2026

43 institutes/research teams 
(mostly Europe, + USA, Japan)
152 members
34 (22%) PhD students

Spokesperson: Alberto Mengoni
PI for the X17 experiment: Carlo Gustavino



The End




