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ALP search in n decay PSR ——
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BESIII results

BESIII: n>T T ete- U_pper limit for n=>m*rX17 branching ratio for
different assumed X17 masses (2025)
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Vain selection criteria: TU" 1T e™ e-
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Procedure for identification of pions

o . . Combined 1#sigma in #Delta#beta - o X |
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Lepton identification: Corre

lation

windows AB vs p-qg, sin(B)Ac
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» correlation windows for AB vs p-g and sin(B8)Ad vs p-q (where AB = 8,c, — Ovper AP = by — Pupc)

» different windows for positive and negative particles, different windows for both systems
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Final set of cuts:

» vertezReco z > -500 mm

» (rt*rv)(ete’) opening angle < 50°
» TUTU invariant mass < 460 MeV

» (r'r)(e*e’) opening angle in C.o.M. > 140°

Two potential cuts tested, but rejected:

» TUrre*e” missing mass vs invariant mass
(graphical cut)

» e*e” opening angle < 6°




Graphical cut

T+T-8+e- Missing mass vs invariant mass
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SMASH simulations

/lustre/hades/dstsim/feb22/p4500p/gend/smash/ /lustre/hades/dstsim/feb22/p4500p/gend/smash/

smash_standard/root/ smash_eta/root/
SMASH - Geant - DST SMASH - Geant - DST
1010 events simulated in SMASH (10° files, each 1019 events simulated in SMASH (10° files, each
with 10° events) with 10° events)
present n decay channels: added n decay channels:
»n->rmnnl(etey) Fn->mnnete
»n->mrmnl(yy) »n >t X17(ete)

»n->mnny(ete)
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Simulations without selected decays
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Sideband analysis
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Different method to calculate events: fit

Fitted function:
A-(x—xy)%- exp(—B - (x — xo)b)

Background for Dalitz peak:
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Sideband analysis: e*e” invariant mass
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Extraction of number of expected X17 events

Nsignal = signal with background ~ Nbackground
» Final distribution of e*e invariant mass @ 1400
after background subtraction 3 N 1
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Trolke method
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Scaling of branching ratio

» to calculate upper limit of branching ratio for n=>mn*n’X17 decay we need some reference

» such reference can be Dalitz cecay n>mn'nn®, where number of observed events is equal
number of events in the left peak

Epatitz  Nx17
BRyx17 = BRpaiitz :

€x17  Npaiitz
» BR —branching ratio = 23.02 - 102

» € — efficiency - acceptance

» N —number of events



Finding € factors: Dalitz decays

Scaling to luminosity required
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Finding € factors: decay with X17
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Extraction of number of expected X17 events

Nsignal = signal with background ~ Nbackground
» Final distribution of e*e” invariant mass after w 1400
background subtraction 8 ool Logond
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Search for Axion Like Particles

using n meson decays in the HADES experiment
Krzysztof Proscinskil: 2

1M, Smoluchowski Institute of Physics, lagiellonian University in Krakéw, Poland
“Doctoral School of Exact and Natural Sciences, Jagiellonian University in Krakéw, Poland

Introduction

n is a meson with mass 547.862 + 0.017 MeV/c? and mean lifetime (5.0 + 0.3) - 10 s [1].

n is pseudoscalar particle (J” = 1°). According to axion theory, axions couple with pseudoscalar particles.

If X17 particle exists, it should appearinn — ntn~X17(e*e™) decay.

n —ntm ete” can be used for testing CP symmetry violation.

Axion-like-Particle (ALP)

# X17 is a candidate for ALP particle [2], firstly postulated after experiment ATOMKI in
Hungary. There was observed a difference between theoretical results and experimental
predictions for opening angle between e* and e~ in nuclear transitions. Simulations have
shown that a new particle can explain this diffrerence and its mass should be ~17 MeV/c2.

» Postulted Axiohadronic decay of eta n — mm~X17 was theoretically studied by D. Alves
and S. G. Solis. According to their work, Braching Ratio for this decay shoud be in range

7\
HADES

YV OV VY

HADES detector

» HADES is experiment located in in Helmholtz GSI
Institute in Darmstadt, Germany.

» Results from proton protons collisions at energy 4.5
GeV are studied.

» The most recent proton proton experimental run
was conducted in February 2022 and took 28 days

from 10°° to 108 [3].
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Selection criteria
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n peak analysis
# Distribution of (m*m~e*e™) invariant mass (IM) includes visible peak in n mass region and one peak on the left side. Peak on the was caused by
Dalitz decays (n = mrm m®).
» A set of simulations have been prepared using Monte Carlo event generator PLUTO and Geant3 [5].
> Sideband analysis was performer to obtain (e™e™) invariant mass distribution for events in n peak. This distribution was compared with simulations.
» No visible signal indicating ALP existence has been observed in e*e" invariant mass distribution. A special method developed by Woflgang T. Rolke
was performer to find upper limit for number of events with X17 particles [6].

» Preliminary calculated upper limit at CL=90% is 94 events, which corresponds to upper limit for branching ratio of 1 = ¥ m X17 decay equal
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