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NA61/SHINE physics program

Strong interaction physics:
* study properties of the onset of deconfinement
* search forthe 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 hadron production and nuclear fragmentation

cross section for cosmic-ray physics

heavy ions at CERN

quark-gluon plasma
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NAG61/SHINE detector

Fixed target experiment located at the CERN SPS accelerator
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Beams:

* ions (Be, Ar, Xe, Pb)
Pream=13A—150A GeV/c

« hadrons (7, K, p)

MTPC-R

Large acceptance hadron spectrometer — Poeam=13—400 GeV/c
coverage of the full forward hemisphere, down to p; =0 Syn=9.1-16.8 (27.4) GeV
Y, py spectra e Strangenessin  Correlations, e Heavy q_uarks:

of particle species quark matter: fluctuations, HBT, D and D°

K*, K, KS, K* A, ¢ intermittency
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Charged particle identification
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A method uses TPC energy 210123 240 123 =2 -1 0 1
loss and ToF info to identify 0-10% Ar+Sc at 404 GeV/ ¢

particles

Final results stand for primary particles produced in strong and electromagnetic
processes, they are corrected for detector geometrical acceptance and
reconstruction efficiency as well as weak decays and secondary interactions
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Particle spectra
and
onset of deconfinement
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* New NA61/SHINE preliminary y, p; spectra of T~ and K*
* 10% most central Xe+La collisions at 304, 40A, 75A GeV/c
 20% most central Xe+La collisions at 150A GeV/c
 7.2% most central Pb+Pb collisions at 30A GeV/c
* Spectra obtained by h- and dE/dx methods
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Energy dependence: horn and step
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Horn
K*/mt* proportional to strangeness
to entropy ratio; different number
of degrees of freedom in QGP and
hadron phase

Probe the onset of deconfinement

Xe+La points below Pb+Pb and above
Ar+Sc, Be+Be, and p+p

Step
Kaons are only weekly affected by
rescattering and resonance decays
during post-hydro phase at SPS energies

T (inverse slope parameter of m; or p;)
reflects the thermal freeze-out
temperature and the radial flow velocity

Similar energy dependence is seen in
p+p, Be+Be, Ar+Sc, and Pb+Pb

T grows with energy except of the range
where Horn is located




System size dependence
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System size dependence

A+A at 150A/158A GeV/c
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* None of the models reproduces K*/rr* and T (y=0) for the whole (W) range

PHSD: EPJA 56 (2020) 9, 223, arXiv:1908.00451 and private communication
SMASH: JPG 47 (2020) 6, 065101 and private communication
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UrQMD and HRG: PRC 99 (2019) 3, 034909
WNM: NPB 111, 461 (1976)




Search for the critical point
(Intermittency analysis)

Grzegorz Stefanek

EPS-HEPR, Marseille, 7-11.07.2025

11



Intermittency analysis

R . .
y . b .
* . .' ) J o The system that freezes out at CP is simply fractal
’ o — .« ’ . and factorial moments follow a power-law
* o (° . \ . . dependence
. ' ' 2\,
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/ \
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iz D o
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where (...) denotes averaging over events and,

M2 is the number of bins
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F,(M)

Intermittency of protons - results

Expected power-law dependence for the system that freezes out at CP

Ar+Sc at 13A-150A GeVic

Ar+Sc at 13A-150A GeVic
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Intermittency of negatively charged hadrons

Cumulative bining, AF,(M).=F.(M)-F,(1); F.(M)=F, (1) for uncorrelated particles
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Excess in charged over neutral
kaon production
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Measurements of K', K~ productions
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1.8
dE/dx (MIP)

Measurement based on dE/dx and tof-dE/dx methods

Yields corrected for detector geometrical acceptance

and reconstruction efficiency as well as weak decays

NAG61/SHINE: EPJC 84 (2024) 416
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Measurements of K’ production
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Comparison of K’ and K*, K" productions

Expected from isospin symmetry
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Direct measurement
of open charm
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D% D measurement in central Xe+La collisions
0-20% Xe+La at 150A GeV/c

counts
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| * First-ever direct observation of D°+D° signal
+ yigd= 170=28 in nucleus-nucleus collisions at the SPS energies
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D% DY measurement in minimum-bias Pb+Pb collisions

* Upgraded Vertex Detector with modern ALPIDE sensors used

* Twiceincreased geometrical acceptance, 10 times higher read-out rate
and higher radiation resistance

* Confirmation of the ability to identify charm hadron decays using
pilot 2022 Pb+Pb collisions at 150A GeV/c

* Ongoing analysis based on high-statistics datasets collected 2022-2024
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Summary and plans
Summary

* Unique 2D scan in collision energy and system size completed

* New preliminary results from Xe+La, Pb+Pb data released

» System size dependence found: (p+p = Be+Be) < Ar+Sc < Xe+La < Pb+Pb
* So far no indication of the critical point

* Excess of charged over neutral K meson production in Ar+Sc collisions
at 75A GeV/c and 40A GeV/c observed

* First-ever direct measurement of open charm production in A+A collisions
at SPS energies

Plans

* Continuation of 2D scan with B+B, O+0 and Mg+Mg collisions (after LS3)

* Isospin-symmetry violation mesurements in t+C, +C collisions collected in 2024
and a pilot O+0O data measured in 2025
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Thank you
for your attention
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