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NA61/SHINE

Multipurpose fixed-target spectrometer located at the CERN SPS J
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Reasearch program
Strong interactions:
study the onset of deconfinement
search for the critical point
measurements of open charm
Neutrino and cosmic ray physics:

hadron production measurements for
neutrino programs (J-PARC, Fermilab)
hadron production measurements for
cosmic-ray physics (Pierre-Auger,
KASCADE, space cosmic ray experiments)
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Strong interactions program
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Results: Critical point search
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Lévy-shaped source (1-D):

where q = |d3 3+ fd2fcms. A describes correlation strength, R

determines the length of homogeneity and Lévy exponent o determines
source shape. B. Porfy, ICHEP2024
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Eur.Phys.J.C 84 (2024) 7, 741; Eur. Phys. J. C 83 no. 9, (2023) 881;

EPJ Web Conf. 274 (2022) 06008;
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Results: Critical point search

So far no indications of CP

1.4 194 GeV/c o ey 754 GeV/e 1504 GeV/c
1.2 e

1
0.8
0.6
0.4
0.2

0 ‘ 5 o 10 l 15 l‘ 1‘1)

\San (GeV)
Lévy-shaped source (1-D): Scaled factorial moments of multiplicity
c(q) Lil ). e(=aR)* distribution on cumulative momentum

where q = |d3 3+ fd2flcms. A describes correlation strength, R bln SiZe ( DIN) in Ar+SC and Pb+Pb

determines the length of homogeneity and Lévy exponent o determines
source shape. B. Porfy, ICHEP2024 Eur.Phys.J.C 84 (2024) 7, 741; Eur. Phys. J. C 83 no. 9, (2023) 881;
EPJ Web Conf. 274 (2022) 06008; 6/17



Results: Onset of decon nement

Step-like structure in inverse slope parametgprofpectra ofK *

Sharp maximum aK™ = * ratio re ects strangeness to entropy the ratio which
isdi erent in the con ned phasehadrons) and the QGP (quarks, anti-quarks
and gluons)Probe of the onset of decon nement

NAG61/SHINE: EPJC 84 (2024) 4, 416 (Ar+Sc); EPJC 81 (2021) 1, 73 (Be+Be); EPJC 77 (2017) 10, 671 (p+p)
For WORLD see: EPJC 84, 416 (2024)
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Results: Onset of fireball

None of the models reproduces K* /7t
ratio and T system size (W )]

dependence
EPOS: Nucl. Phys. Proc. Suppl. 175-176 (2008) 81-87; PHSD: PRC
78 (2008) 034919; Nucl. Phys. A 831, 3, (2009) 215 — 242; UrQMD:
Prog.Part.Nucl.Phys. 41 (1998) 255-369; J.Phys. G25 (1999)
1859-1896, HRG: Eur. Phys. J. C 65 (2010) 9-63,
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Results: excess of charged to neutral kaons

> 4
® E o NA61/SHINE
° Ar+Sc, 0-10%, \/s\,=11.9 GeV/

— Kt4+K~ _— Kt4K™

= =0 0
KO+ K 2Kg
NA61/SHINE, arXiv:2312.06572, accepted to Nature Communications

@ Unexpected violation of isospin (flavor) symmetry
@ Cannot be described by known e [edts
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Study the onset of fireball with light [ e
ions - Addendum with light-ion scan : Vswy ~17 GeV _
post-LS3 submitted to SPSC 02 R

(SPSC-P-330-ADD-14); earlier request for I .
O before LS3 (CERN-SPSC-2022-021) f
All ions are selected in close collaboration o1 ' ' ]

with the accelerator complex i Be+Be
| p+p Ar+Sc

Plans B | “L

K*/m* (y=0)

All initial target configurations selected

O beam at 150A GeV/c in 2025 allows XL
to start the study of the onset of fireball and charge-symmetry violation before
LS3 - continuation in Run4

Extenstion of the charm program - charm and anti-charm correlations -
shift of LS3 allows to consider it in Run4
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https://cds.cern.ch/record/2867952?ln=en

Planned light-ion data-sets

SPSC-P-330-ADD-14

Pbeam \/m 10 160 Mg
(AGeV/c) | (GeV) | # days (# events) | # days (# events) | # days (# events)
13 5.1 7 (100M) 7 (100M) 7 (100M)

30 7.6 7 (100M) 7 (100M) 7 (100M)
150 16.8 7 (100M) 7 (100M) 7 (100M)

Dates: O beam before LS3 (150A GeV/c) and first years of Run 4, Mg, and B - first

years of Run 4

The requested time includes setup time and one more day for possible stops in the
beam delivery, longer supercycle, etc.
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https://cds.cern.ch/record/2867952?ln=en
https://cds.cern.ch/record/2867952?ln=en

System size dependence and the onset of fireball - OF

Physics performance ’ﬁ,'.

Considerable di Lerence between light and
heavy systems =I[_anket of fireball

SPSC-P-330-ADD-14 was submitted
as proposals to extend the ion program
by light ion beams after LS3

The two main requested ion species are °0 and Mg
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https://cds.cern.ch/record/2867952?ln=en

Physics performance SM-.

hypothesis of large isospin violation ﬂ

The two main requested
ion species are °0 and
24|\/|g

NAG61/SHINE, arXiv:2312.06572, submitted to Nature Communications

The proposed runs with O+0 and Mg+Mg collisions post-LS3 may allow us to verify

Assuming collisions of N = Z nuclei and the exact isospin symmetry one gets Rx = 1.
the hypothesis of a large isospin symmetry violation in kaon production. J
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Charm and anti-charm correlations L
S--INE

Azimuthal angle correlation of charm hadrons produced in heavy ion collision
at top SPS energy (on average less than ¢ — C pair produced) is expected to be
sensitive to space correlation (locality) at their origin

Directly accessible in NA61/SHINE++ via neutral D mesons.
but

High event rate — beyond 10 kHz - is nec-
essary for central Pb+Pb collisions at 150A
GeV/c

¢ quarks and testing the production locality

A unique input constraining the di [usion of
of ac —c pair. J

M. Gazdzicki et al., arXiv:2305.00212 [hep-ph]
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NA61/SHINE upgrade - LS3

For measurement of ¢ — ¢ correlations in
central Pb+Pb collisions at 150A GeV/c
NAG61/SHINE considers replacing one of
(slow) TPC with the Large Acceptance
Silicon Tracker (LAST)

Planned two modes of operation:

S:-INE
R&D in progress N

TDR in preparation

Earliest by the end of LS3 (2029)

Possible data-taking at the end of
Run4

fast: only LAST - for the charm and anti-charm correlations in central Pb+Pb at

150A GeV/c

slow: [IHHz LAST+TPC - for light-ion, neutrino, and cosmic-ray programs
which require large acceptance hadron measurements

15/17



Summary w,..

precision studies of the onset of fireball of strongly
interacting matter with O (2025/Run4), Mg (Run4),
and B (Run4) beams

verification of the hypothesis of large isospin violation
with N=Z nuclei (the simplest case) - O and Mg

charm and anti-charm correlations in central V- Gosdicki e Al v 002
Pb+Pb collisions at 150A GeV/c

SPSC-P-330-ADD-14
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https://cds.cern.ch/record/2867952?ln=en

Thank you?
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NAG61/SHINE would like to thank the CERN EP, BE, HSE, and EN Departments for supp(?”17



Light-ion beams in the past SMNI

Primary ion beams: ﬂ
Ar (2015)
8 weeks of Ar (9/2/15- 6/4/2015) with 6 SPS cycle (26.4 s =22 BP)
momenta (in parallel, in SPS, with protons -
for LHC)

Xe (2017)
NA61/SHINE requested Xe beam went up
to LHC with many interesting results
Pb (2016-...)
Secondary ion beams:

Be (2011), C (2018)

Beamline not designed for < 60 GeV/c: at low beam momenta large and diverging

beam spot
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