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Upgraded NA61/SHINE detector

Fixed target experiment located at the CERN SPS accelerator
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Readout rate increased to 1kHz
New Vertex Detector
New DAQ and trigger system

Large acceptance hadron spectrometer — Upgraded PSD
coverage of the full forward hemisphere, down to p+ =0
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NA61/SHINE 2-dimensional scan

NA61/SHINE performed a 2D scan in collision energy and system size to study the
phase diagram of strongly interacting matter
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Onset of deconfinement




Onset of deconfinement: step

Qualitatively similar energy dependence is seen in p+p, BetBe, Ar+Sc and Pb+Pb
Magnitude of T increases with the system size
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Onset of deconfinement: horn

K*/r' (y=0)
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Plateau like structure visible in p+p, Be+Be and Ar+Sc

Ar+Sc is higher than p+p and Be+Be
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Probe of the onset of
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Strangeness enhancement factors

The enhancement recalculated based on the new E reference from NA61/SHINE
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System size dependence



K*/mt* and 7vs the system size at 1504 GeV/c¢
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None of the models reproduces K*/n™* ratio or T for whole (W) range

p+p: Eur. Phys. J. C77 (2017) 10, 671
Be+Be: Eur. Phys. J. C81 (2021) 1, 73

Ar+Sc: NA61/SHINE preliminary
Pb+Pb: Phys. Rev. C66, 054902 (2002)

PHSD: Eur.Phys.J.A 56 (2020) 9, 223, arXiv:1908.00451 and private communication;
SMASH: J.Phys.G 47 (2020) 6, 065101 and private communication;

UrQMD and HRG: Phys. Rev. C99 (2019) 3, 034909

SMES: Acta Phys. Polon. B46 (2015) 10, 1991 - recalculated




Search for critical point

Expected: nhon-monotonic
behavior of CP signatures
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Multiplicity and net-charge fluctuations in p+p, Be+Be and Ar+Sc

No structure indicating critical point
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Proton and charge hadron intermittency in Ar+Sc and Pb+Pb collisions

No structure indicating critical point see the talk by N. Davis on Wednesday
and the poster by T. Czopowicz
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Symmetric Levy HBT correlations

C(q) KT = 0.22 GeV/c (0.20 - 0.25) GeV/c
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The Levy stability parameter oo describes shape of the source
3D Ising model with random external field predicts a = 0.5 4= 0.05 at critical point
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Highlights from strangeness production in p+p
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= production in inelastic p+ p collisions at 158 GeV/ ¢

K™ see the talk by P. Podlaski on Tuesday
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New results on K*, K- (preliminary) and K9 from high statistic p+p data
K*: almost 20 times larger dataset than previously published results (Eur.Phys.).C 77 (2017), 671)

K? mean multiplicity: 0.162+0.001+0.011
Model predictions deviate by up to 20% from the measurements — best predictions from EPOS 1.99.
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K*(892)0 in p+p at 40-158 GeV/c
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= production in inelastic p+ p collisions at 158 GeV/ ¢
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ptp at 158 GeV/e

=
o=

C @ ppoEX

[ O prps=iex

SPS RHIC

LHC
| Ll [ ERET

10?

The only results on 2~ and E* production in p+p at SPS energy
Strong suppression of =* production: (E+) / (E7)= 0.24 + 0.01 + 0.05
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Eur.Phys.J.C 80 (2020) 9, 833
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2 production in inelastic p+p collisions — model comparison
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£(1530)° production in inelastic p+p collisions at 158 GeV/c¢

1 T 1 Eur.Phys.J).C 81 (2021) 10, 911
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The only results on €(1530)%roduction in p+p at the SPS energy
The second result on £(1530)° production in p+p (ALICE at 7 TeV Eur.Phys.J.C 75 (2015) 1)
Suppression of £(1530)° production: (£(1530)") / (£(1530)°)= 0.40 + 0.03 + 0.05
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£(1530)° production in inelastic p+p collisions at 158 GeV/c¢

d’n / dydp_ (GeV/c)"

dn/dy

107

a N W bk oo N
R R L RARANREaanEsan ey

+ =%(1530)

—EPOS 1.99

—UrQMD 3.4

OOIII\0-5llll1IIII1.5 2

8l + =(1530)°

P, (GeVlc)

— EPOS 1.99

— UrQMD 3.4

d’n / dydp_ (GeV/c)

dn/dy

-4

9:'10

8F +§°(1530)

3 —EPOS 1.99

6F

52_ —UrQMD 3.4

4r

3t

2

.

o5 1 15 2
P, (GeVlc)

x10™

B +§(1530)°
— EPOS 1.99

— UrQMD 3.4

—3H -2 H—1HHOHH1H 2 IH3

Eur.Phys.J.C 81 (2021) 10, 911

EPOS describes well transverse
momentum and rapidity
distributions of £(1530)° and
£(1530)°

UrQMD significantly
overestimates all spectra of
£(1530)° and £(1530)°
hyperons
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HRG model in the CE formulation and p+p data
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Significant discrepancies of the fitted parameters
The statistical model fails when fixed y,
The fit with free y, finds y,=0.434%£0.028 and reproduces the measurements well -
a suppression of strange particle production in p+p collisions at CERN SPS energies

Eur.Phys.).C: 74 (2014) 2794; 77 (2017) 671; 80 (2020) 460; 80 (2020) 199; 76 (2016) 198, 80 (2020) 833 21



NA61/SHINE in 2022-2025
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NA61/SHINE program for 2022-2024

Upgrade almost completed
First Pb+Pb data taking in autumn 2022

To answer these questions the mean

_ _ SR number of charm quark pairs, (cc),
What is the mechanism of open charm production® oroduced in A+A collisions has to be

How does the onset of deconfinement known. Up to now the corresponding
impact open charm production? experimental data does not exist and
: NAG61/SHINE will perform this
How does the formation of quark gluon plasma

. _ measurement in the near future.
Impact J/iy production?

(cc) and onset of
(cC) and models deconfinement (cc), (J/P) and QGP
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« 2D scan in system size and collision energy was completed in 2017 with Xe+La data
 Analysis ongoing for p+p, Be+Be, Ar+Sc, Xe+La and Pb+Pb data

« No horn in Ar+Sc collisions

« Unexpected system size dependence: (p+p = Be+Be) # (Ar+Sc # Pb+Pb)

« No convincing indication of CP

+ New and unique results on K+, K-, K9, K*, & —, §+, £(1530)° and £(1530)° production
in p+p interactions

« NA61/SHINE program with measurements of open charm production in 2022-2025
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NA61/SHINE at SQOM conference

 P. Podlaski, Tuesday 15:20, , Results on system size dependence of strangeness
production in the CERN SPS energy range from NA61/SHINE"

« N. Davis, Wednesday 9:40, , Assessing critical point signatures through proton
intermittency in NA61/SHINE"

 Posters:
« T. Czopowicz, ,Search for critical point in NA61/SHINE (POS-BLK-11)"
 A.Tefelska, ,Mesonic strange resonances in p+p collisions at SPS energies (POS-
RES-04)"
 A. Shukla, ,ldentified hadron spectra in high-statistics p+p collisions at 158
GeV/c (POS-OTH-02)"
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Strangeness production in p+p at 158 GeV/c¢

y
Eur.Phys.J.C 80 (2020) 9, 833
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Strangeness enhancement factors

J. Phys. G 32 (2006) 427-442 Eur.Phys.J.C 80 (2020) 9, 833
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NAG61/SHINE results give new base-line for
£ 2 dn/dy(A+ A) strangeness enhancement study in SPS energy
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NA61/SHINE

Fixed target experiment located at the CERN SPS accelerator

~13 m
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Large acceptance hadron spectrometer —
coverage of the full forward hemisphere, down to pr =0
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Diagram of high-energy nuclear collisions
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Transition from resonances to strings
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Transition from resonances to strings
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Exclusion plots for parameters of simple power-law model

using statistically independent points and cumulative variables

0-20% Ar+Sc at 150 GeVe 0-10% Pb+Pb at 30 GeVc
2 108 g 10 = 40 g !-°
2 | £ |
o e2=5688 o S @225 10
3 3
- = 05
5 0.4 3
Q Q.

0.2

0.0 0.0

0 1 2 3 4

correlated/all (%) white area: correlated/all (%)
p-value < 0.01

The predicted intermittency index for a system freezing out at the QCD
critical endpoint corresponds to the 3-D Ising universality class, to
which the phase transition is expected
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NA61/SHINE program for 2021-2024

« What is the mechanism of open charm production?

* How does the onset of deconfinement To answer these questions mean
impact open charm production? number of charm quark pairs, {(cc),
produced in A+A collisions has to be
known. Up to now corresponding
« How does the formation of quark gluon plasma  experimental data does not exist and

impact ]/11) production? only NA61/SHINE can perform this
measurement in the near future.

(cC) and onset of

(cC) and models deconfinement (cc), {J/P) and QGP
i Foreseen

NA61/SHINE
resolution is
sufficient
to answer
addressed
guestions

mmm STATISTICAL MODELS —
s DYNAMICAL MODELS

T I|IIIH|

a(Jy) / o(w) « 108

Bo(Jhy) / 6(DY), 048
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5= O Pb - Pb 1998 with Minimum Bias +

e
® Pb-Pb 1998 with Minimum Bias

=
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HSD pQCD HRG QUARK COALESCENCE _ SMES ST B R W T T T 618 5 20 .45 e -6 460 im6 4
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Detector upgrade during LS2

Replacement of the TPC

_ read-out electronics
Construction of Vertex Detector (VD) to increase data rate to 1 kHz

for D°, DO decay reconstruction /

BSL»L_.

Target
ToF-R
MTPC-R

New trigger and data

acquisition system Upgrade of Projectile
Spectator Detector

New Time-of-Flight
detectors
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