New results on ¢(1020) production from the NA61/SHINE experiment

at CERN SPS

!
iE S” INE

Antoni Marcinek for the NA61/SHINE Collaboration

Institute of Nuclear Physics, Polish Academy of Sciences, Krakéw, Poland

New Trends in High-Energy Physics 2025
16 September 2025, Batumi, Georgia

Antoni Marcinek (IFJ PAN) New results on ¢(1020) production from NA61/SHINE NTHEP 2025, September 16



Introduction

¢(1020) meson according to PDG 2024
(1019.461 + 0.016) MeV, with hidden strangeness (s3)

@ Width I" = (4.249 £ 0.013) MeV, corresponding to 7 =~ 50 fm/c
o BR(¢— KTK~)=(49.1+05)%

@ The lightest particle, m =

Goal of the analysis
o Differential ¢ multiplicities in 10 % most central Ar+Sc collisions measured in NA61/SHINE

— as function of rapidity y and transverse momentum prt
— at three collision energies, /snn = 8.8GeV, /snn = 11.9GeV, /snw = 16.8GeV

@ To constrain hadron production models
— With its zero net strangeness, the ¢(1020) meson will not be sensitive to strangeness-related effects in a

purely hadronic scenario, but will behave like a doubly strange particle in a partonic system

@ Intermediate position between p+p and Pb+Pb data
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NA61/SHINE experiment

SHINE = SPS Heavy lon and Neutrino Experiment
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Measurements for:

@ neutrino programs (J-PARC, Fermilab)

@ cosmic-ray physics (Pierre-Auger,
KASCADE, satellite experiments)
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NA61/SHINE experiment

SHINE = SPS Heavy lon and Neutrino Experiment
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Strong interactions Measurements for:
@ study the onset of deconfinement unexpected @ neutrino programs (J-PARC, Fermilab)
@ search for the critical point isospin-symmetry violation g cosmic-ray physics (Pierre-Auger,
in kaon production i ;
° measurement Of open Charm NA61/SHINE, Nature Corr?numcahonsw, 2849 (2025) KASCADE’ satelllte experlments)
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NA61/SHINE detector — unique multi-purpose facility

detector at the time of Ar+Sc data taking (2015),
major upgrade during CERN Long Shutdown 2

@ direct measurement of charged hadrons

@ large acceptance: full forward c.m.s. hemisphere, down to pt =0
— advantage over collider experiments

@ particle identification: dE/dx in Time Projection Chambers, Time of Flight
@ centrality: forward energy in Projectile Spectator Detector
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Analysis methodology overview

Event selection

Signal extraction

@ 10 % most central Ar+Sc collisions @ invariant mass spectra in y, pt bins
@ without pileup @ tag-and-probe method

a q ATLAS, Eur. Phys. J. C 74, 2895 (2014)
@ with well measured main vertex LHCb, Phys. Lett. B 703, 267 (2011)

NA61/SHINE, Eur. Phys. J. C 80, 199 (2020)

@ in the target

TPC track selection

@ from main vertex

positive tracks

@ well reconstructed

@ enough points in TPCs — accurate dE/dz and
momentum

@ PID cuts — bands around kaon Bethe-Bloch curve

o for every track: +13 % of kaon Bethe-Bloch value
— to remove non-kaons without removing any kaons
o differently in tag and probe samples: +5 %
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Signal extraction: tag-and-probe method (ATLAS, LHCDb)

Ar+Sc at \/snn = 16.8 GeV
y10.6,0.9), p,(10.8,1.2) GeV/c
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@ This method allows to extract ¢ yield Ny without the knowledge of the efficiency of kaon selection ¢
@ Spectra are fitted simultaneously to get N4, with the expected signal yields in the two samples:

Ny = Nge(2—¢) and Np = Nye?
@ For both samples the model curve is a sum of signal and background contributions:

signal convolution of relativistic Breit-Wigner and g-Gaussian
background  event mixing + K*(892)° template

Antoni Marcinek (IFJ PAN) New results on ¢(1020) production from NA61/SHINE NTHEP 2025, September 16 6/15



Double-differential spectra: central Ar+Sc at /sy = 8.8 GeV
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Fit with function

f(pr) o< pr - eXp(-%)

to obtain integral of the tail of
the pr distribution (needed for dn/dy)

Tails from 1.6 % to 2.5%
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Double-differential spectra: central Ar+Sc at /sy = 11.9 GeV
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Double-differential spectra: central Ar+Sc at \/syy = 16.8 GeV
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Transverse mass spectra at midrapidity

+/SNN = 8.8GeV V/SNN = 11.9GeV +/SNN = 16.8GeV
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8.8 200 £ 13 £ 16 2003 +£14+ 88 1943+14+28
11.9 226 12 4+22 20744+08+ 65 198.8+ 0.8+ 27
16.8 246 £ 12 + 8 2199 £ 0.7+ 11.8 201.1 £0.8 +£6.2

NA61/SHINE, Eur. Phys. J. C 84, 416 (2024)

@ Inverse slope parameters for ¢(1020) in Ar+Sc comparable to those for charged kaons,
larger than for (,25(1020) in p+p (~150 MeV) nusisHing, Eur. Phys. 4. C 80, 199 (2020)
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Rapidity distributions

+/SNN = 8.8GeV V/SNN = 11.9GeV +/SNN = 16.8GeV
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@ Fits with double Gaussians to obtain integrals of the tails (needed for total yields (¢))
@ Tails from 0.8 % to 2.5%

V/SnN (GeV) 1000 (o) RMS (double Gaussian fit)
8.8 438 £ 12+ 22 0.703 +0.016 £ 0.021

11.9 707 £114+14 0.866 £+ 0.013 4+ 0.010

16.8 1148 £ 17+ 21  0.994 £ 0.020 £ 0.018
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Rapidity distributions: comparison with models
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Model calculations by S. Veli (Technical University of Munich) and T. Janiec (The University of Manchester)

@ None of the considered models matches the experimental data points
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Widths of rapidity distributions

@ Widths of rapidity distributions (o) as a function

NA61/SHINE, Eur. Phys. J. C 80, 199 (2020) and references therein
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Widths of rapidity distributions

NA61/SHINE, Eur. Phys. J. C 80, 199 (2020) and references therein ° W|dthS Of rapldlty .diStribUtionS (Uy) .aS a fUnC.tiOn
- of the beam rapidity (c.m.s.) for various particles
open - Pb+Pb  © from Pb+Pb and p+p collisions

full — p+p @ Lines are fitted to guide the eye
@ Widths of rapidity distributions for ¢(1020)
mesons from:

o Pb+Pb (NA49)
o p+p (NAB1/SHINE), p+p (NA49)
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Widths of rapidity distributions

NA61/SHINE, Eur. Phys. J. C 80, 199 (2020) and references therein

open - Pb+Pb
full - p+p

©
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Widths of rapidity distributions (o) as a function
of the beam rapidity (c.m.s.) for various particles
from Pb+Pb and p+p collisions

@ Lines are fitted to guide the eye

Widths of rapidity distributions for ¢(1020)
mesons from:

o Pb+Pb (NA49)

o p+p (NA61/SHINE), p+p (NA49)

o Ar+Sc (NA61/SHINE preliminary)

Peculiar ypeam dependence for ¢(1020) in Pb+Pb

not seen in smaller systems. Calls for new

measurement by NA61/SHINE in Pb+Pb

— note: the role of extrapolation in the NA49
result calls for attention

T. Reichert, J. Steinheimer, M. Bleicher, Eur. Phys. J. A 61, 172 (2025)
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1020) enhancement

% KT in pip: NAGIUSHINE, Eur. Phys. J. C 77, 671 (2017)
i L KT in AreSc: NAG1/SHINE, Eur. Phys. J. C 84, 416 (2024)
i , KT in PotPb: NA49, Phys. Rev. C 66, 054902 (2002)

¢ in p+p: NA61/SHINE, Eur. Phys. J. C 80, 199 (2020)
¢ in Pb+Pb: NA49, Phys. Rev. C 78, 044907 (2008)
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@ ¢ /7 ratio for Ar+Sc is comparable to that in Pb+Pb collisions (where QGP is expected), and much
higher than for p+p interactions

@ ¢ enhancement over p+p collisions is slightly higher than for kaons in both Ar+Sc and Pb+Pb
reactions, and independent of the collision energy in the considered range
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@ We analyzed ¢(1020) meson production using central Ar+Sc data at \/syy = 8.8GeV, 11.9GeV,
16.8 GeV measured by the NA61/SHINE experiment

@ We obtained double-differential (y, pt) spectra of ¢(1020) mesons from invariant mass (¢ — K+TK™)
spectra using the tag-and-probe method
— first-ever results on hidden strangeness production in intermediate-size systems at CERN SPS

@ ¢(1020) rapidity distributions in Ar+Sc are not reproduced by considered models

@ ¢/ ratio for Ar+Sc is comparable to that in Pb+Pb collisions, and much higher than for p+p
interactions
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