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SHINE = SPS Heavy lon and Neutrino Experiment

<-Strong interaction

<>The onset of deconfinement

F Lake Geneva <>Search for the critical point
Large Hageoi ‘Callider 2 s o -y <> Measurement for open charm

27 km long '+ Fe) = r'éﬁs - TR o R <>Measurements for neutrino
150 d d - ~£ - o : 5 R - -ty A .
= ?gijun 7 o T e e programs (J-park and Fermilab)
NAM’SH'NE e <-Cosmic ray physics

‘ <>lsospin symmetry violation

CERN Accelerator Complex

Vo e

13

“GERN LAB2 *

& o S =% Beams for NA61/SHINE Experiment:
g;’f;?ﬁ,’;ﬁ;,‘_ S R R Hadion beans.

v : v p (400 Gev/e

v Secondarym, K, p (13-350 GeV/c)

lon beams;

v Ar Xe Pb (13-150A GeV/e)

v Secondary Be (13-1504 GeV/c) (from Pb fragmentatgon)

[1] NA61/SHINEdetector overview,
https://indico.cern.ch/event/1174830/contributions/5174346/

attachments/2567605/4426948/na61_det.pdf G.Feofilov



Collaboration list

S<<INE

National Nuclear Research Center, Azerbaijan

Faculty of Physics, University of Sofia, Bulgaria

Ruder Boskovic Institute, Croatia

LPNHE, University of Paris VI and VII, France

Karlsruhe Institute of Technology, Germany

Fachhochschule Frankfurt, Germany

Institut flr Kernphysik, Goethe-Universitdt, Germany

Nuclear and Particle Physics Division, University of Athens, Greece
Wigner RCP, Hungary

Institute for Particle and Nuclear Studies (KEK), Japan

University of Bergen, Norway

Institute of Physics, Jan Kochanowski University, Poland

National Center for Nuclear Research, Poland

Institute of Physics, Jagiellonian University, Poland

Institute of Physics, University of Silesia, Poland

Faculty of Physics, University of Warsaw, Poland

Department of Physics and Astronomy, University of Wroclaw, Poland
Faculty of Physics, Warsaw University of Technology, Poland
Institute for Nuclear Research, Russia

 Joint Institute for Nuclear Research, Russia

St. Petersburg State University, Russia

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Russia
University of Belgrade, Serbia

ETH Zirich, Switzerland

University of Bern, Switzerland

University of Geneva, Switzerland

University of Colorado Boulder, USA

Los Alamos National Laboratory, USA

Department of Physics and Astronomy, University of Pittsburgh, USA
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SHINE = SPS Heavy lon and Neutrino Experiment

~ m

- »
MTPC-L
L-ToF
Vertex magnet Vertex magnet
)J )J F-ToF
Beam counters GAP I IG'RC MPSD
and BPDs VD TPC s FPSD
&M-- Jr--- - R ---
Target S3 ﬁ sS4 W FTPC-2/3
data rate:
MTPC-R pl’G-LSZ ~100Hz
Fixed target experiment in the North area of SPS at CERN: post-LS2 ~1000 Hz

yitracking efficiency: > 95%

*Iarge acceptance: full forward c.m.s. hemisphere, down to pp = 0
*particle identification: dE/dz in Time Projection Chambers, Time of Flight
*centrality: forward energy in Projectile Spectator Detector(s)

*ion (Be. Ar, Xe, Pb) and hadron (. K. p) beams, various targets including liquid H, and water
at, K*, Kg, K*, p, A, ¢, =, D°, spectra, correlations, fluctuations, HBT, intermittency. ..

* Vertex Detector for open charm measurements

* Double-wall He beam-pipe inside the VTPC1 and VTPC2
[1] NA61/SHINEdetector overview, G.Feofilov 5

https://indico.cern.ch/event/1174830/contributions/5174346/attachments/2567605/4426948/na61_det.pdf



Example of St.Petersburg State University
technologies for NA61(SHINE)

» Left: Extra-thin double-wall He beam pipe
installed in 2012 in the gas volume between two
field cages in the VTPC-1 of NA61(SHINE). The
same in VTPC-2

» This He beam pipe reduces the background
interactions in the VTPCs by about a factor of 10.

-] S— LHT wTRC
E E fmngu ﬂ A 75 1= L [ S——
f I~ i ’ : : +
- P Lair ! 20092010 ArCO,
10? §_ nan  dowaerus 2011 halium
- 1 3 i:
10° =
]
100
10}
I i I !l i ; I |E i |§| Ll I

1 1 1 1 1 1 :I 1 1 1 1 1 1 1 1 I 1 Il 1 1
-1.?1]0 -650 600 -550 =500 -450 400 =350 =300
fitted vertex z [cmy]

NAG61/SHINE facility at the CERN SPS: beams and detector system,
2014 JINST 9 PO6005; dei:d0.1088/1748-0221/9/06/P06005 6
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Charged particle identification
by energy loss measurement in set of TPCs[1]

10°Ep €[15.85; 19.95) GeVie
Py €10.40; 0.45) GeVic
=~ } EM':-IM&VIC T
negative charge
2| 5
% i 102 10’:;—
ol
10 i
I+ i3
: by '-._;"| ] 5?— PR | PRI |
| Dhan=lS0AGVe b
o Litiis o o Lttty o o i IR T i i 08 1 12 14 llodEM.x(Mll'PJ
10* 10 1 1 10 107 . . .
p (Gevie) p (GeVie) The dE/dx distributions for negatively

charged particles in a selected pT

bin produced in central Ar+Sc collisions

at 75AGeV/c. Solid line -- fits by a sum of
Contributions from different particle types

[1] NA61/SHINE Collaboration, Measurements of n+, K£,p and anti-p spectra in 40Ar+45Sc

collisions at 13A to 150A GeV/c, Eur. Phys. J. C 84, 416 (2024).
https://doi.org/10.1140/epjc/s10052-024-12602-2 G.Feofilov 7

Distribution of charged particles in dE/dx -- p plane



Charged particle identification

by ToF measurements [1]

> 14F pmm=30A GeVie > 14F pmm=30A GeV/ie 0’
Q 1af C 12k
= T T F
1+ lE P
08 08} 0

I S e 510 I S e 510
p (GeV/c) p (GeV/e)

p[GeV/c]

c2 2
m2 — (Cp)2 ( Ltgf _ 1)

L — length of trajectory

p[GeV/c]

Figure 9: Distribution of particles in the plane laboratory momentum and mass squared derived using time-of-flight
measured by ToF-R (right) and ToF-L (left) produced in central Ar+Sc collisions at 304 GeV/c. The lines show the

expected mass squared values for different hadron species.

[1] NA61/SHINE Collaboration, Measurements of n+, K£,p and anti-p spectra in 40Ar+45Sc

collisions at 13A to 150A GeV/c, Eur. Phys. J. C 84, 416 (2024).
https://doi.org/10.1140/epjc/s10052-024-12602-2 G.Feofilov
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Charged particle identification by ToF — dE/dx

measurements |1|

Eur. Phys. J. C (2024) 84:416 Page 130f 54 416
Fig. 11 Examplc of the dE/dx (MIP)

tof — dE /dx fit (Eq. 4) obtained 04 09 1 11 %2 13 4 15 16 17 18
in a single bin (2 < p < 3 GeVje MRRA RN LA LR L Ll R LRl LS L

and 0.5 < pr « 06 GeVt) for i ﬁ
positively charged particles in . 1 1000
Sy dovar r—— measured points x '
30A GeVe — fitted function s00f-
—— pions
—— protons e
—— kaons 400
—— electrons m_
? E ¥ p €[2;3) GeVic -
Qaf X8 P ,€[0.5; 0.6) GeVic(ill
't 3 pbun=30A GeVie
- 350
300
250
200
150
100
50

T § % E O °

1] NA61/SHINE Collaboration, Measurements of n+, K+,p and anti-p spectra in 40Ar+45Sc
ollisions at 13A to 150A GeV/e, Eur. Phys. J. C 84,416 (2024).
1ttps://doi.org/10.1140/epjc/s10052-024-12602:2. iloy 9



ldentification of weakly decaying neutral particles
by VO topology and energy loss measurement in set

of TPCs[1]

Tt

Decay topology for K decay :
Left: Example of VO topology as for K% decaying into two pions.
Right: Two reconstructed-VO decays in NA61/SHINE spectrometer. -

Yellow points are TPC clusters and blue lines represent two reconstructed VO decays.

TPC clusters belonging to VO daughter tracks are marked as blue point

Wojciech Bryliski Thesis, Study of K% meson production in central Ar+Sc
collisions at SPS energies, Warsaw University of Technology, PhD, Submitted: 2023, Defended: 2023-07-12

https://repository.cern/records/5fv5z-ez421

G.Feofilov 10



nature communications 8

Article https://doi.org/10.1038/s41467-025-57234-6

Evidence of isospin-symmetry violation in
high-energy collisions of atomic nuclei

Received: 6 March 2024 The NA61/SHINE Collaboration*, F. Giacosa ®'2, M. Gorenstein ® >4,
R. Poberezhniuk @345 & S. Samanta®®

Accepted: 14 February 2025

e
Strong interactions preserve an approximate isospin symmetry between up (u)
and down (d) quarks, part of the more general flavor symmetry. In the case of K
meson production, if this isospin symmetry were exact, it would result in equal
numbers of charged (K* and K) and neutral (K° and K°) mesons produced in
collisions of isospin-symmetric atomic nuclei. Here, we report results on the
relative abundance of charged over neutral K meson production in argon and
scandium nuclei collisions at a center-of-mass energy of 11.9 GeV per nucleon
pair. We find that the production of K" and K~ mesons at mid-rapidity is
(18.4 + 6.1)% higher than that of the neutral K mesons

....The significance of the flavor-symmetry violation beyond the known effects is 4.7c when

the compilation of world data with uncertainties quo(t;ergegmg\he experiments is used. 11



Evidence of isospin-symmetry violation in kaon
production: new data by NA61/SHINE[1]

NAG61/SHINE, PRD 107 (2023) 062004 NAG61/SHINE and others, Nature Communications 16 (2025) 2849
16 T TTrTT T —TTT > 4_ >, 4r-
¥ = F —
. P +C at 158 Gewc E NAB1/SHINE T [ NAGISHINE Preliminary
o b R = K—+f : g 35 W KK Ar+Sc, 0-10%, {5, = 11.9 GeV 5 35[Hsse 0-10% [5-88 GV
2K : [ e
s 3E ik i S
12 ] + * A C = { K:
L Y 25 -
155
OB 3 NAG1/SHINE data ] E
- - EP0OS1.99 1
== SibylI2.3c -
08F __ qGslenos ] 05
— EPOS-LHC E }
Sl Y L il WS PR PR PETEN PR PR R BT B, == TTIT IETE FRT FETI PR PRI PR PRI I -
- - S5 e s 0 05 1 15 2 25 % hs S s o es s T2 s

107

e For exact isospin symmetry (m,, = my) and collisions of Z = N nuclei (K+) (us) = (K°) (ds) and
(K™) (us) = ( ) (ds); neglecting small CP violation (Kg) = 3 (K°) + (fo) (K?)

(ED+(K ) (KOHHEKD)

(K)+(K") 2(K%)

@ In both cases of #~+C and central Ar+Sc collisions, the measured values of Ri differ from the
respective expectations

@ Therefore expected R =

Small, Intermediate-Size, and Heavy-lon Systems at SPS Energies, report at the 18" Workshop on

Particle Correlations and Femtoscopy, 19 May 2026, Budapest, Hungary
https://indico.cern.ch/event/1679596/contributions/

G.Feofilov 12



Evidence of isospin-symmetry violation in kaon
production: world and new data by NA61/SHINE

for Ar+Sc at VsNN-8.8 GeV| 1|

NA61/SHINE and others, Nature Communications 16 (2025) 2849 + new preliminary Ar+Sc point at ,/syy = 8.8 GeV

K KT K')+K)

1.5} | @) 2
1.4 - 1 = HADES; Ar+KCl; 4n
1.3 v * <+ * STAR; Au+Au; y=0

1 © NA49; Pb+Pb; 4n
NA61/SHINE; Ar+Sc; y = 0

1.2

X L
T 44

| + CERES; Pb+Au; y ~ 0
107 oo T’ """ 1 o NA3S5;S+4S; 4n
0.9 —HRG; @/B=04 1 e ALICE; Pb+Pb; y~0
os - HRG; Q/B=ZA -
[ —— UrQMD; Q/B = 0.4
. sl L PR L
0'71 0° 10! 1o2 103 10*

Vs (GeV)

o Effect present in data from other experiments, but uncertainties were too large to notice it

@ Combining measurements, gives 5.3¢ significance of the isospin-symmetry violation beyond the
known effects

[1] Antoni Marcinek (for NA61/SHINE Collaboration), Strange and Non-Strange Particle Production in
Small, Intermediate-Size, and Heavy-lon Systems at SPS Energies, report at the 18t Workshop on
Particle Correlations a nd Femtoscopy, 19 May 2026, Bud ﬁESt Hungary

https://indico.cern.ch/event/1679596/contributions/ 3



» Violation of charge-symmetry invariance by
known effects. Running quark masses [1]

1UP) = 33

Mass m =2.16 £ 0.07 MeV  Charge = & ¢ I, = +%
m,/mg = 0462 £ 0.020

E 1Py = 13

Mass m =470 £007 Mev Charge = -3¢ I, = —%
me/my = 17=22
= (m, + my)[2 =349 £007 MeV

1UP) = o(3H)

Mass m =93.5 £ 08 MeV  Charge = —F ¢ Strangeness = —1
(mg={m, + mo)-"i’]/[mo - my)= 2733:8:%3

» These are the values of the "running” quark masses defined in the MS (Modified Minimal
Subtraction) scheme at renormalization scale u=2GeV[1]. —

» The masses of up and down quarks, m,=2.16 £ 0.07 MeV and m,=4.70 £ 0.07 MeV[1]
are much smaller than the QCD scale, Ay

» The different quark masses lead to different masses of charged and neutral kaons.

[1] Navas, S. et al. Review of particle physics. Phys. Rev. D 110, 030001 (2024).

G.Feofilov 14



Effects of different masses of charged and
neutral kaons?

» The difference in the masses of the d and u quarks: A=4.7-2.16=2.54 MeV,

» Accordingly, the relative magnitude of the differences in the masses of kaons is
small: mK*=mK- = 493.7 MeV, mK°=mK®=497.6 MeV—> the difference leads to an
increase of R, resulting from direct kaon production by about 0.02.

» The influence of this mass difference on R, was quantified using the statistical
HRG model --by removing resonances from the particle list of HRG. It was
numerically verified that HRG for Q/B = 1/2 and with exact isospin symmetry
gives R, = 1, as expected[1]

» Role of resonances: ¢(1020) meson decays about 1.45 more frequently into
charged kaons than neutral ones (This large difference is because the ¢(1020)
mass is just above the kaon-kaon thresholds). Including the kaon production
from resonance decay increases R, by about 0.03 [1].

> Role of decay of resonances a,(980) and f,(980)--one gets an increase of R, by
about 0.5%. The account of electromagnetic interaction between K* and K~ in
this decay leads to the increase of R, by at most 3% at the highest collision
energy[1]. See the next slide 2>

[1] The NA61/SHINE Collaboration., Giacosa, F., Gorenstein, M. et al.
Evidence of isospin-symmetry violation in high-energy collisions of atomic nuclei. Nat Commun 16, 2849 (2025).
https://doi.org/10.1038/s41467-025-57234-6

G.Feofilov 15



Effects of different quark masses in HRG
and in UrQMD[1]

1.5 F .
14 [ 1 = HADES; Ar+KCl; 4r
1.3 | + ¥ -4 * STAR; Au+Au; y= 0
12f 1 © NA49; Pb+Pb; 4n
o< 4L 1 * NA61/SHINE; Ar+Sc; y = 0
- | o | + CERES; Pb+Au; y~ 0
I " o O T """ 1 © NA35;S+S; 4
0.9 | —HRG; QB =04 1 o ALICE; Pb+Pb; y~ 0
0l . HRG; Q/B = Z/A ]
ol —=— UrQMD; Q/B = 0.4
07 T | L0l L0l L
10° 10 10? 10° 10*

Vs (GeV)

Fig. 3: The charged-to-neutral kaon ratio Ry
as a function of collision energy.

[1]The NA61/SHINE Collaboration., Giacosa, F., Gorenstein, M. et al.
Evidence of isospin-symmetry violation in high-energy collisions of atomic nuclei.
Nat Commun 16, 2849 (2025). https://doi.org/10.1038/s41467-025-57234-6

G.Feofilov 16



Violation of charge-symmetry
invariance by known effects

» Electromagnetic interaction between K* and K~ slightly increases the
mass of K* (both constituents u and s have positive charge), but slightly
decreases the mass of K° (the constituents d and s have opposite
charges).[1]

> The uu and dc7pairs creation in strong processes may be affected by
electromagnetic interactions due to different electric charges of up and
down quarks. This leads to a different phase space for their production,
favoring ull pairs and thus the charged kaons [1].

» A model of the space-time evolution of the pair creation is needed
to quantify the effect.

[1] The NA61/SHINE Collaboration., Giacosa, F., Gorenstein, M. et al. Evidence of
isospin-symmetry violation in high-energy collisions of atomic nuclei. Nat Commun

16, 2849 (2025). https://doi.org/10.1038/s41467-025-57234-6

G.Feofilov 17



Violation of charge-symmetry invariance
- novel explanation([1]:

» Quite recently, the UrQMD approach has been modified by including
violation of isospin symmetry [1] by the parametrized string breaking:

it brings as three times more probable to produce uU pair than a dd one;

» Remarkably, in this way, the ratio R, is also corretly described for data on
kaon productions in e+e- and pp scattering[1].

> See the next slide =

[1] Tom Reichert, Jan Steinheimer, and Marcus Bleicher. Explanation of the
observed violation of isospin symmetry in relativistic nucleus-nucleus
reactions. Phys. Lett. B, 873:140170, 2026.

G.Feofilov 18



Violation of charge-symmetry invariance
- novel explanation [1]:

0-5 T T T T T T
— K P{U):P(d)=3:1
— K Pu):P(d)=3:1
e*+e~ (UrQMD) — K2 P(u):P(d)=3:1
0.4k VS =3.050 GeV eene K* P(U):P(d)=1:1 |
snun K~ Plu):P(d)=1:1
— sens K2 Pu):P(d)=1:1
T 3 K* (BESII)
> 0.3t @ K- (BESII
8 K2 (BESIII)
—
[eR
B 0.2t
=
©
0.1

080 02 04 o086 08 Lo 12 14

p [GeV]

Fig. 1. [Color online] Momentum distributions of K* (red) K~ (black) and
Kg = (K" + K%)/2 (blue) in e*¢~ annihilations at /5 = 3.050 GeV. The dotted
lines show the standard parametrization of the color field fragmentation param-
eters, the full lines show the refitted parameters which allow for an asymmetry
between up- and down-quark production in the color field. The symbols show
the experimental data by BESIII [9,10].

[1] Tom Reichert, Jan Steinheimer, and Marcus Bleicher. Explanation of the observed violation of

0-08 T T T T T
— K P(u):P(d)=3:1
m— KD P(u):P{d)=3:1
sem K* Pu)P(d)=1:1 -
i wnm K2 Pu):P{d)=1:1
@ X' (NAGL/SHINE)
B kY (NABL/SHINE)

0.07F p+p (UrQMD)
Vs =12.3 GeV

0.06

.....

0.05

0,03

0,02

0,01

0.00'

Fig. 2. [Color online] Rapidity distributions of K* (red) and K§ = (K” + K%)/2
(blue) in proton+ proton collisions at /s = 12.3 GeV. The dotted lines show the
standard parametrization of the color field fragmentation parameters, the full
lines show the refitted string fragmentation parameters. The symbols show the
experimental data by the NA61/SHINE experiment [11,12].

isospin symmetry in relativistic nucleus-nucleus reactions. Phys. Lett. B, 873:140170, 2026

G.Feofilov
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Violation of charge-symmetry invariance

- novel explanation [1]:

4.0 . : i '
K* P{u):P(d)=3:1
YOAr+45Sc (UrQMD) K2 P(u):P(d)=3:1
351 Vsun = 11,9 GeV === K* P{u):P(d)=1:1 7
0-10% mmm KY P(U):P(d)=1:1
3.0 LM @ K* (NAG1/SHINE) |
ii A KE (NA61/SHINE)
2.5+ J
>
220
>2
e}
1.5F J
1.0t |
0,5t |
0.0'5 |

Fig. 3. [Color online] Rapidity distributions of K* = (K* + K7)/2 (red) and
K¢ = (K + R%)/2 (blue) in 0-10% central Ar +Sc collisions at /5y = 11.9GeV.
The dotted lines show UrQMD calculations with the standard parametrization of
the color field fragmentation parameters, the full lines show the UrQMD results
using the refitted string parameters. The error band in the calculation is due
o the estimation of the centrality (( N, 4q) = 60 — 64 representing 10% cen-
tral collisions). The symbols show the experimental data by the NA61/SHINE
experiment [1,16].

1-5 T T T T
_ ® Ar+Sc, P(u):P(d)=3:1
. — AU+AU, P(U):P(d)=3:1
1.4+ T [ O Ar+Sc, P(u):P(d)=1:1 -
=sns Au+Au, P(u):P(d)=1:1
[ O A+A (world data)
1.3 E
L 1 urQMD
= 0-10%
1.2+ 1 ] 4
« - [
& aab (L 11| ) ]
u} e
10— -0 i
o9t | / j | ]
1. 3
o8l :
10° 107 107 107 107
Vsnn [GeV]

Fig. 4. [Color online] Comparison of the refitted simulations with the world
data on the ratio Ry = (K* + K7)/(K° + R"). The dotted lines shows UrQMD
calculations for central Au+Au reactions with the standard parametrization
of the color field fragmentation parameters, the full lines show UrQMD re-
sults using the refitted string fragmentation parameters. We further show the
URQMD results for Ar+Sc collisions (circles) because Ar+ Sc has a larger pro-
tons/neutron ratio than Au+Auw. The black squares show the experimental data
in nucleus-nucleus collisions (taken from the compilation in Adhikary[16]).

[1] Tom Reichert, Jan Steinheimer, and Marcus Bleicher. Explanation of the observed violation of
isospin symmetry in relativistic nucleus-nucleus reactions. Phys. Lett. B, 873:140170, 2026

G.Feofilov



Our results on modification of the UrQMD code
“Modified UrQMD(3:1)”
following the ideas of [1]
on 3:1 probalities to produce uT pair vs. dd one

[1] Tom Reichert, Jan Steinheimer, and Marcus Bleicher. Explanation of the
observed violation of isospin symmetry in relativistic nucleus-nucleus reactions.
Phys. Lett. B, 873:140170, 2026

G.Feofilov 21



dN/dpr [(GeV/c)™1]

Default and our Modified UrQMD results
for Ar+Sc Vs, =11.9 GeV:
pT spectra

Kaon pr spectra, |y| <1.00

Kaon pr spectra, |y| <0.50
100 4 100 A
T
L
1071 4 E 10—1 .
e
)
3
1072 4
10—2 .
10-3 1 Ard40+Sc45, sqrt(s_NN)=11.9 GeV, collider mode, Ng,:= 446, 361 . cras
Ard0+5Sc45, sqrt(s_NN)=11.9 GeV, collider mode, modified, Ng,: = 446, 365
0.0 05 1.0 15 2.0 25 10724 . . . . .
pr[Gevic] 0.0 0.5 1.0 1.5 2.0 2.5
pr [GeV/c]

P(u):P(d)=3:1 (Preliminary)

»“Soft” part (< 2 GeVc) of pT spectra of kaons appears to be different as calculated
by the modified UrQMD in case of P(u):P(d)=3:1

G.Feofilov 22



Default and our Modified UrQMD results for Ar+Sc
Vs =11.9 GeV:

Ry (pT)

Kaon ratio, |y| <1.00

Kaon ratio, |y| <0.50

1.15 - Ard0+5Sc45, sqrt(s_NN)=11.9 GeV, collider mode, modified, Ne,: = 446, 365
. Ard0+Sc45, sqrt(s_NN)=11.9 GeV, collider mode, Ng,: =446, 361

LK* +K7)KE

R(pr)

0.85 1 +5% band
—3— 0.5(K* +K~)K?

+5% band
—$— 0.5(K* +K~)/K?

0.0 0.5 1.0 1.5 2.0 2.5 . r . . T T
pr [Gev/c] 0.0 0.5 1.0 1.5 2.0 2.5
pr [GeV/c]

Our UrQMD (default) results foe Rk(pT) Our “Modified UrQMD(3:1)” results
In Ar+Sc at Vs, =11.9 GeV for Ar+Sc with P(u):P(d)=3:1 (Preliminary)

»Considerable effect of Isotopic Symmetry breaking is observed in R, in pT spectra
ratious predicted by the modified UrQMD in case of P(u):P(d)=3:1 in the “soft” part (<
1.5 GeVc) of spectra 6 Feofilov



Default and our Modified UrQMD results for Ar+Sc at
Vs, =11.9 GeV

Ratios of rapidity distributions

Isospin ratio Re(y) =2(K* +K~)/K2

Isospin ratio Re(y) =2(K* +K~)/K2 135 - --- isospin symmetry (R¢=1)
1.20 A Fe iy Fes ) : central window +1.00
- ===_l1sospin symmetry = _
c indow 11.0:) & RK:%(KJf +K7)KS
- Re=3K* +K7)KS 1.30 A
1.15 4
1.25
1.10 1
120
= >
3;2 1.05 4 E
o
1.15
1.00
1.10
0.95 A
1.05
0.90 - Ard0+5c45, s_NN = 11.9 GeV, collider mode, unmodified, Ne,: = 446, 361
’ 100 Ar40+Sc45, s_NN = 11.9 GeV, collider mode, modified, Ng,: = 446, 365
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Our modified UrQMD results for Ar+Sc
P(u):P(d)=3:1. (Preliminary)

»The shape of “Modified UrQMD(3:1)” rapidity distribution appears to be different from
the default UrQMD

Our UrQMD (default) results for Ar+Sc
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petault ana our ivioditied UrQIvib results tor
symmetric (Q/B=1/2) 12C+12C collisions,
--an example at Vs,=34 GeV:

Ratios of rap|d|tv dlstrlbutlons

Rily) =1(K

Isospin ratio Ri(y) = 2(K* + K~) /K2

central window +1.00
—- Re=LK* +K7)K

| WHWAM
Our modified UrQMD results for 12+12C

Our UrQMD (default) results P(u):P(d)=3:1

» Considerable effect of Isotopic Symmetry Breaking is predicted by
the “Modified UrQMD (3:1)” in ratious of rapidity distributions for
the case of 12+12 C collisions at Vs =34 GeV

» Figure is preliminary, statistics-here is to be improved 25
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Default and our Modified UrQMD results for
12C+12C --an example at Vs, =34 GeV:

Kaon pr spectra, |y — yem| < 0.50

12C+12C, 34.1 GeV, fixed target, Ny = 450k

-1

0.0 0.5 1.0 15 2.0 2.5
pr [Gev/c]

Our UrQMD (default) results

pT spectra

Kaon pr spectra, |y — yem| < 1.00

11111

dN/dp+ [(GeV/c)

Our modified UrQMD results for 12+12C
P(u):P(d)=3:1 (Preliminary)

»  “Soft” part (<1/5 GeVc) of pT spectra of kaons in two versions of the UrQMD is different
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Default and our Modified UrQMD results
for 12C+12C -- an example at Vs, =34 GeV:

Kaon ratio, |y — yem| < 0.50

1 GeV, fixed target, Ne,: = 450k
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Our UrQMD (default) results

Ry (pT)

Kaon ratio, |y — yem| < 1.00
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Our “Modified UrQMD(3:1)” results
for 12+12C with P(u):P(d)=3:1

» Considerable effect of Isotopic Symmetry Breaking is predictedby the
modified UrQMD in case of P(u):P(d)=3:1 for 12+12 C collisions at
Vsy=34 GeV in the “soft” part (<1/5 GeVc) of pT spectra of kaons
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1)

2)

3)

4)

5)

Summary

Unexpected excess of charged-over-neutral kaon production in m—-+C and
Ar+Sc collisions was observed by NA61/SHINE at SPS thus confirming the
earlier world data

This indicates, in Ar+Sc reactions, the violation of isospin symmetry at
the level of significance 5.30 beyond the known effects

Explanation of the observed violation on the base of different probabilities
of uu and dd quark pairs production (3:1) in the color field, proposed in
[Phys. Lett. B, 873:140170, 2026], requires additional checks and
theoretical efforts for the fundamental understanding

Our Modified UrQMD(3:1) results for Ar+Sc and for symmetric 12C+12C
collisions show also, in both cases, that the level of violation of isospin
symmetry could be different:

(i) for “soft” and”hard “ parts of pT spectra and -
(ii) for rapidity distributions of R, values at midrapiidity and large
rapidity regions.
New experimental tests are required both for symmetric (Q/B=1/2)

and non-symmetric (Q/B<1/2) nucleus-nucleus collisions
G.Feofilov 28



Back-up slides
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R, (pT) <1in UrQMD in case of non-symmetric
collisions (Q/B<1/2): an example for Xe+W 0-10%
central collisions

R(pr) =3(K* + K~ )/K2

6-

124X e+184W, sqrt(s NN)=2.9 GeV, fixed target, No,: = 450k

+5% band
—4— O05(K* +K~ )/Kg
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