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The X17 particle, status and new ideas, Mar 23-27,
2026, ECT*, Trento

https://indico.ectstar.eu/event/260/overview

The topic of this workshop is the “X17” particle, which existence has been claimed in
a series of recent experiments. In the workshop, the current status of the new
experimental research and the new advances of the theoretical studies about this

| hypothetical particle will be presented and discussed. The issue is of great interest,
for the great impact on the study of the beyond standard model physics and
fundamental symmetries.

It would be the first confirmation of a “dark matter” particle, and the possible
mediator of a fifth force. WPCF 2026, Budapest
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PRL 116, 042501 (2016) PHYSICAL REVIEW LETTERS 29 JANUARY 2016
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Observation of Anomalous Internal Pair Creation in 3Be: A Possible Indication of a Light,
Neutral Boson
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The plot thickens for a hypothetical
“X17" particle

Additional evidence of an unknown particle from a Hungarian lab gives a new impetus
to NA64 searches

Al Krasznahorkay,* M. Csatlos, L. Csige, Z. Gacsi, J. Gulyds, M. Hunyadi, I. Kuti, B. M. Nyaké, L. Stuhl, J. Timar,

T. G. Tornyi, and Zs. Vajta
Institute for Nuclear Research, Hungarian Academy of Sciences (MTA Atomki), P.O. Box 51, H-4001 Debrecen, Hungary
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Experimental setup built at the Hanoi University of Science,
Vietnam 1n collaboration with ATOMKI, Debrecen, Hungary

WPCF E(26XBld
7/27/2024 Per HbrEidapest

We used p-beam with different energies to
bombard the Li-target to populate 18.15
and 17.6 MeV 8Be excited states with
resonant proton capture.

Li(p,e e)®Be

Target chamber Picture in lab of the detector system
and the DAQ connected to Pelletron
| \ e Why did we -y —~
or EJ200 scntillator arrange the .
\ Det-system
DSSD detectors like this?

Figure 1. Schematic diagram of the e"e~ spectrometer focusing on the 140 degree region.

Detector setup to measure the energies and the
angle between the e* e particles.




Acceptance corrected angular correlations
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-Observation of structures at =17 MeV and =38 MeV/c? in .

the yy invariant mass spectra in pC, dC,and dCu -
coII|5|ons at pIab of a few GeV/c per nucleon
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New experlments in HUN-REN ATOMKI to [

Detectors.
FWHM<0.5%
at 18 MeV




. nvestiation of the v dcay of the 17.6 and
“.15 MeV resonances of the 8Be nucleus

x 102
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1200 L 'Li(p,y’Be

Ep: 441 keV
1000 [ FWHM=1.7%10"
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400 |
i E,= 1100 keV

200 [

Lol .

yv-coincidence measurements, with high statisties.(10'°) and good energy resolution




"Li(p,y1)°Be
E l3:45 0 keV

Wide energy (2 MeV) and time (3 ns)
windows to include all coincidences of
scattered y-rays

"Li(pyy)*Be
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educin the background of scttred y-raysb
ting sharp gate on the time differences

8 The obtained
preliminary
B branching ratio
o (1.5*%107) for the
8 double y-decay is
8 comparable to the
; : ; | e*e” decay (6*10°) of §
i | : 3 Sim 8 the X17 particle. '
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The newest version of our COmpact Positron ‘
yer

lectron (COPE) spectrometer with two DSSD la
ach telescopes (NIIVI 1084 171232 (2026))
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Using such a spectrometer we want to cope W|th the questlons connected to the X17 particle
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anomaly in Be was confirmed with 10 tim
statistics. From bump to saw-tooth
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d Estimating the lifetime of the X17 particle
|(motivations)

BAssuming the particle has a laboratory decay length £
of L lab = 0.5 cm (consistent with the ATOMKI
vertex reconstruction), the proper rest-frame decay

length (ct) is: ct=L_lab / (By) = 0.5 cm / (0.35 x
{1.067) = 1.35 cm, and t= 45 ps.

e, > 1.3 %x 1075,

This decay occurs cleanly within the prompt, wide- |
angle tracking acceptance of the ATOMKI
spectrometer, allowing for clear pair resolution,
detected and the ® measurements are not
distorted.
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heleime of the X17 particla g

Lorentz Factor:
A vy=E/m_X= 1.067
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E =1100keV X
P Q-g

"Li(p,e*¢)’Be
E p=1 100 keV

Counts/mm
o
[(—]
TT [N

Velocity:
Exp. B=+V(1-y? =035

IPC/1.17

Original distr.
Corrected distr.

Slope of the vertex distr. (mm)

ct=L_lab/ (By)= <3 mm/ (By)=
& 8.1 mm

i . | < 27 ps
L] =T o B €>2.6%10°5

Ideal case

0 5 10 15 20

' N N T

N L1 N ge g g L g g oy r 3 1.
25 30 35 40 45 50§ 80 100 120 140 160
VertexR mm

Correcting the R distribution
for the phase space. x 1/R’mt




Constrains for pseudoscalar/axion-like
(invisible) particles

E141 experiment, SR (\ /i) PRD 104, L111102 (2021)
Phys. Rev. Lett. 59, 755 (1987). B8 g e S

b

: e

- ~ 9

E YA NG £ %S j
_.» 1 Excluded by % LBy [\b‘et'\("-ew
3 .- this experiment 1 ; e tg-?.\}e

- Excluded by

-1 (LKB)
- '2\:"6! ll“IL
. Q-2 meoasurements

\Q
)

(MeV) : ' | ATOMKI

FIG. 2. Regions of my and 7, for a light pseudoscalar boson ' , g 2 K -5 1
X decaying predominantly to e *e ~, that are excluded by this ' €>2.6710> |
experiment, assuming an absorption cross section of oxy =|

and 50 mb per nucleon. Also shown are regions excluded by
electron g —2 measurements by use of two assumptions (see
Refs. 14 and 15) for the possible discrepancy between theory
and experiment,




SR Conclusion
. The current xperintalreslt on the double -deay of
the X17 particle are consistent with the Duba results.

* It supports the pseudoscalar/axion-like interpretation of the B
X17 particle, as suggested by many theorists.

8° Our lifetime measurements also favor this interpretation.
There is no tension with the previous results.

——
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I To ®Be continued... e
B T hank you very much for your attention! S
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Excluded regions for pseudoscalar/axialvectc“

bosons

E141 experiment,
E. M. Riordan et al,,
Phys. Rev. Lett. 59, 755 (1987).
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Correction of the istibution by 1/R?1t
| ase space) to get the real distributions.
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j PRD 071101(R) (2020)

FIG. 1. Schematic illustration of the NA64 setup to search for the A’, X — e ¢~ decays.

NA64 at CERN attempt to produce dark sector particles via

bremsstrahlung-like processes using highly relativistic electron beams

(e.g., 50 GeV).

g If a 17 MeV particle is produced in a 50 GeV collision, it inherits a
massive forward momentum. The kinematics change drastically:
Lorentz Factor:y=E/ m_X=50,000 MeV / 17 MeV = 2941
Velocity: = 1.0

8 D. Banerjee et al., (NA64) PRL 120, 231802 (2018);

10~2 101

Laboratory Decay Length: L_lab = y(ct) = 2941 x 0.2%cm= B.5rmeters. m ., GeV 28




Polarized
eryogenie

The Montreal X-17 Project o

Use parts of the DAPHNE experiment (Saclay/Mainz*) Polarined

gamma-ray
beam . |

_~ Photomultipliers |

Tracking MWPC chamber & 16 scintillators (NE102A) e

Scints & MWPC from U. Mainz - now @ Montreal
Phototubes and some ADC/TDC’s borrowed from TRIUMF

Scintillators (E)
C- beampipe

MWPC
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”
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