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NA61/SHINE spectrometer

coverage of the full forward hemisphere, down to pr =0
~13m
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NA61/SHNE physics program

Strong interaction physics:

@ study properties of the onsets of deconfinement
and fireball

@ search for the critical point of strongly interacting
matter

@ direct measurements of open charm
Neutrino and cosmic ray physics:

@ measurements for neutrino programs at J-PARC
and Fermilab

@ measurements of nuclear fragmentation cross
section for cosmic ray physics
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I N E Search of the Critical Point
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Symmetric Lévy HBT correlations

— - Fit to data

..... Extrapolation

Be+Be at 150A GeV/c 0-20%
Ky =0.00 - 0.10 GeV/e
B o
L =067 4y
;N R=292fm s fm
il =100
My ¥2INDF = 136/106
‘\%w Confidence level =2.7¢%
3 st ot
(qR)".
)i K@)

Fit funclio‘n: N (1—).+(1+‘c )

02 04 6 08
q (GeVl/c)

R (fm)

See talk by B.

BerBe. 0200,

< ol

Arvse, 010%,

praim.

02 03 04 05 06

m; (GeV)

Pérfy on Tuesday at 9:10, room C
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System size scan progress: Ar+Sc and Be+Be done, next Pb+Pb

The Lévy scale parameter R characterizes size of the source

The Lévy stability parameter « describes shape of the source

3D Ising model with random external field predicts & = 0.50 £ 0.05 at critical point [1]

No indication of the critical point (« significantly larger than 0.5)
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[1] Physical Review B 52 no. 9, (1995) 6659
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http://link.aps.org/doi/10.1103/PhysRevB.52.6659

Proton and charged hadron intermittency
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I N E Study of the onset of
deconfinement
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Spectra of charged particles

in Ar+Sc
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https://arxiv.org/abs/2308.16683

Spectra of charged particles in Xe+La

See poster by O. Panova
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New preliminary results on K* and 7~

dPr/dp, dy (Gev/c)*

=
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0-20% of the most central collisions

Data available at /sy = 16.8 GeV

pr spectra shown for 0.4 < y < 0.6
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set of deconfi

See poster by O. Panova
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@ Rapid change in the energy dependence of K™ /7™ ratio in Pb+Pb collisions indicated the onset of
deconfinement in the SPS energy range, as predicted within SMES

@ Plateau-like structure visible in light systems (p+p and Be+Be)
@ Ar+Sc systematically higher, Xe+La close to Pb+Pb at /syn = 16.8 GeV

arXiv:2308.16683 (Ar+Sc), Eur.Phys.J.C 81 (2021) 1, 73 (Be+Be), Eur.Phys.J.C 77 (2017) 10, 671 (p+p)
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I N E Study of the onset of fireball
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System size dependence of particle production properties
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@ Rich collection of results on system size dependence of particle production in SPS energy range
@ None of the models reproduce Kt /7" ratio or T in the whole (W) range
@ Rapidity spectra of 7~ on the right plot are scaled by mean numbers of wounded nucleons to

central Xe+|_a X = <WXe+La>/<WX> p+p: Eur. Phys. J. C77 (2017) 10, 671

Be+Be: Eur. Phys. J. C81 (2021) 1, 73

PHSD: Eur.Phys.J.A 56 (2020) 9, 223, arXiv:1908.00451 and private communication; Ar+ SCE arXiv:230$ 1.6683
SMASH: J.Phys.G 47 (2020) 6, 065101 and private communication; Xe+La: NA61/SHINE preliminary
UrQMD and HRG: Phys. Rev. C99 (2019) 3, 034909; Pb+Pb: Phys. Rev. C66, 054902 (2002)
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Uniqueness of heavy ion results from NA61/SHINE
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I N E Anomaly in charged over
neutral K meson production
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Brylinski on Wednesday at 9:50, room C

at \/syn=11.9 GeV
See talk by W.
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K2 production in Ar+Sc

primary
vertex

Clean/CTppg

@ New preliminary results on Kg in Ar+Sc collisions
0.5;

@ Reconstruction based on decay topology
o K2 decays into 7t and 7~ with BR~69.2%
Quark Matter 2023

@ Breit-Wigner function is used to describe the signal

o Mean multiplicity: (K2) = 6.25 £ 0.09(stat) & 0.73(sys)
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K2 production in Ar+Sc - comparison with charged kaons
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©® NAG1/SHINE; Ar+Sc; centrality 0-10%; dn/dy at mid-rap.
FOPI; AI+Al; centrality 0-9%; mean multiplicities
HADES; Ar+KCl; centrality 0-35%; mean multiplicities
HADES; Au+Au; centrality 0-10%; mean multiplicities
AGS; Si+Si; centrality 0-7%; mean multiplicities
STAR BES; Au+Au; centrality 0-5%; dn/dy at mid-rap.
NAA; Pb+Pb; centrality 0-5%; mean multiplicities
CERES; Pb+Au; centrality 0-7%; mean multiplicities
NAZ35; S+S/S+Ag(shifted); mean multiplicities
24 STAR; Au+Au; centrality 0-5%; dn/dy at mid-rap.
STAR; Au+Au; centrality 0-6%; dn/dy at mid-rap.
ALICE; Pb+Pb; centrality 0-5%; dn/dy at mid-rap.
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@ Around 15-30% difference in the whole rapidity
and transverse momentum range.
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Future of NA61/SHINE
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@ Pb+Pb measurements for studies of open charm production at SPS energies (,/sNn = 7.7 and 17 GeV) in
2022-2025

@ Continuation of 2D scan with B+B, O+0 and Mg+Mg collisions (latter two are p — n symmetric) after CERN LS3
(2028+) - addendum SPSC-P-330-ADD-14 submitted last month
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https://cds.cern.ch/record/2867952?ln=en

Summary

Unique 2D scan in collision energy and system size is complete

So far no indication of the critical point

New results on spectra in Ar+Sc (final) and Xe+La (preliminary)

No horn structure observed in Ar+Sc data

Unexpected system-size dependence: (p+p ~ Be+Be) # (Ar+Sc < Pb+Pb ~ Xe+La)

Present transport and statistical models do not describe well the NA61/SHINE results on
strange particle production

NA61/SHINE delivers rich information related to the diagram of heavy-ion collisions
Observed anomaly in charged over neutral K meson production

Bright future of SHINE experiment with plans for new measurements beyond CERN LS3
(2028+)
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C X N E Thank you
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K® spectra parametrisation

@ In order to obtain the dn/dy yields, the data is extrapolated beyond the detector acceptance

@ Exponential dependence in pt is assumed:

\/P%——Fm%(—m;()

f(PT) =S pr-exp (- T

@ To obtain mean multiplicity of produced particles rapidity distribution is fitted with following

function: ( )2 ( )2
Y=Y y+Y
w0 = P ( 207 > cov2r < 203 )

@ A, yo and gg parameters are fitted
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Onset of deconfinement: step
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@ Plateau in the inverse slope parameter T of mt spectra of K* spectra in Pb+Pb was predicted within
SMES due to mixed phase of hadron gas and QGP Acta Phys. Polon. B30, 2705 (1999)

@ Similar structures are visible in recently measured reactions
) ) ] o ) arXiv:2308.16683 (Ar+Sc)
@ Magnitude of the T parameter increases with the colliding system size Eur.Phys.J.C 81 (2021) 1, 73 (Be+Be)
Eur.Phys.J.C 77 (2017) 10, 671 (p+p)
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Comparison of charged an neutral kaons

NA61/SHINE: preliminary, arXiv:2308.16683
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NA61/SHINE spec

Fixed target experiment located at the CERN SPS accelerator:

Detector setup includes:
~13m

@ Set of beam and trigger detectors
e @ 8 Time Projection Chambers
oF -
@ 3 Time of Flight detectors

z=0

VERTEX-1 VERTEX-2

@ Hadron calorimeter - Projectile
Target VTP ?sg Spectator Detector

Beam o, . _|ﬂ I8 e J--4 psp @ Small Acceptance Vertex Detector
sS4
Beams:

@ hadrons (7, K, p)
Pbeam=13-400 GeV/c
ToF-R
MTPC-R

VTPC-2

@ ions (Be, Ar, Xe, Pb)
Pheam=13-150A GeV/c

@ /5nN=5.1-16.8(27.4) GeV

Large acceptance hadron spectrometer covers the full forward hemisphere, down to pr = 0
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