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NA61/SHINE physics program

Strong interaction physics:
* study properties of the onset of deconfinement and onset of fireball
* 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
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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)
Poeam=13A—150A GeV/c
* hadrons (x, K, p)
Pream=13—400 GeV/c
Syn=9.1-16.8 (27.4) GeV

MTPC-R

Large acceptance hadron spectrometer —
coverage of the full forward hemisphere, down to p; =0
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of particle species guark matter: fluctuations, HBT, D° and D°
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Charged particle identification

NAG61/SHINE: EPJC 84 (2024) 416
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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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Onset of deconfinement
and
onset of fireball
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Spectra
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* New preliminaryy, p; spectra of m-and K*
* 10% most central Xe+La collisions at 304, 40A, 75A GeV/c
* 20% most central Xe+La collisions at 150A GeV/c

 Spectra obtained by h-and dE/dx methods
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Energy dependence: horn and step
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System size dependence
A+A at 150A/158A GeV/c
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* None of the models reproduces K*/it* and T (y=0) for the whole (W) range

Grzegorz Stefanek QNP2024, Barcelona , 8-12.07.2024



Anomaly in charged over neutral
kaon production
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Measurements of K', K~ productions
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* Measurement based on dE/dx and tof-dE/dx methods

* Probability method

* Yields corrected for detector geometrical acceptance

and reconstruction efficiency as well as weak decays

and secondary interactions
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Measurements of K’ production
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Comparison of K’ and, K*, K" productions
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Search for the critical point
(Intermittency analysis)
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Intermittency analysis
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Intermittency of protons - results
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Intermittency of negatively charged hadrons - results

11 NAG61/SHINE preliminary NAG61/SHINE preliminary
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D%%+D° measurement in central Xe+La collisions
0-20% Xe+La at 150A GeV/c

ield = 170 +28 * First-ever direct observation of D°+D? signal
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Summary and plans

Summary

* Unique 2D scan in collision energy and system size completed
* New preliminary results from Xe+La data released
» System size dependence found: (p+p = Be+Be) < Ar+Sc < (Xe+La = Pb+PDb)

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

e So far no indication of the critical point

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

Plans

 Continuation of 2D scan with B+B, O+0O and Mg+Mg collisions
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Extra slides
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Diagram of high-energy nuclear collisions

Hypothetical domains of
hadron production,

theo: Acta Phys.Polon.B 46 (2015) 10, 1991 dominated by-
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L gy L Q .
'j 150 Z QGP formation and
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2= o
O'If r ._____: 100 g & theo: Phys.Rev.D 90 (2014) 2, 025031
\ E exp: Eur.Phys.J.C 84 (2024) 4, 416
] L f PREAK E exp, Xe+La: arXiv:2402.10973 [nucl-ex]
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Isospin asymmetry - Kaons

K* 1(JP) = 3(07) K° 1(JP) = 3(07)
Mass m = 493.677 + 0.016 MeV [l (S = 2.8) 50% Ks, 50% K,
Mean life 7 = (1.2380 + 0.0020) x 1078 s (S = 1.8) Mass m = 497.611 + 0.013 MeV (S = 1.2)
cr =3711m myo — my: = 3.934 +0.020 MeV (S = 1.6)

Mass difference: Am = -4 MeV
Multiplicity: (K* + K°) > (K° + K°)

* Ar, Sc nuclei are nearly isospin-
symmetric
(valence u = d within 6%)

Indication of violation of isospin * We expect:
symmetry Kr(us)=K(ds) ued
K-(us)=K°(ds) ued
!
Ll w | neglecting
l K+K™ K°+K°: Ko | CP
....... 2. e, | ViOIBLOD
(unexpected violation of flavour ﬂ - Data - excess of charged over
symmetry between u and d quarks) neutral kaons:
K-
K 2K > K2

Grzegorz Stefanek QNP2024, Barcelona , 8-12.07.2024



5 24
%22

-

=
3

2
1.8

14
1.2

0.8
0.6
04
0.2

Search for critical point - femtoscopy
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Lévy source:
C(q) = 1+ Ae~@R"

q = |51—§2|

Bose-Einstein correlations
(femtoscopy) reveal the space-time
structure of hadron production

The Lévy parameter o describes
the shape of the source and is
sensitive to the system freezing out
at the CP

Csorgd, Hegyi, Novak, Zajc,
AIP Conf. Proc. 828 (2006)
525

* The new Ar+Sc results are close to
Gaussian, and far from the CP

Ar+Sc, 0-10% central, NA61/SHINE preliminary
Be+Be, 0-20% central, NA61/SHINE, EPJC 83 (2023) 919
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Open charm measurements — NA61/SHINE program

What is the mechanism of open charm production?

How does the onset of deconfinement
impact open charm production?

How does the formation of quark gluon plasma
impact /i) production?

(cc) and models

L] —
w STATISTICAL WODELS

m— DYNAMICAL WCOELE

WSD  patD HRG

GUARK COALESCENGE
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(cc) and onset of
deconfinement

L lioylii
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To answer these questions mean
number of charm quark pairs, {cc),
produced in A+A collisions has to be
known. Up to now corresponding

experimental data does not exist and

only NA61/SHINE can perform this
measurement in the near future.

(cc),(J/ W) and QGP
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