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“The philosophies and religions of the planet Earth
will come and go, but the ultimate questions will be

always alive and relevant”

James Leonard Park



Outline

- Physics motivation

- (dN/dy)(strange and multi strange) /(N /dly) - (dN/dy)/S , correlation
- core-corona
- collision energy and centrality dependence
- signature for phase transition ?

- Similar studies for pp collisions
- comparison with A-A

- Outlook



Signature for phase transition ?

12 16 20

. "

:_?:_)113

J.-P. Blaizot and J.-Y. Ollitraut, Phys.Lett 191B(1987)21




Signature for phase transition ?

) 1 L1 1 i ! i 1

0 0.4 08 12 16 20
( Sg |13
)

J.-P. Blaizot and J.-Y. Ollitraut, Phys.Lett 191B(1987)21

- AGS si SPS
*S. Chatterjee et al., Advances in High Energy Physics 2015, 349013 (2015).

- BES
«J. Adam et al. (STAR Collaboration), Phys. Rev. C 102, 034909 (2020).

- RHIC 62.4 GeV and 200 GeV.

* M. M. Aggarwal et al. (STAR Collaboration), Phys. Rev. C 83, 024901 (2011).

«J. Adams et al. (STAR Collaboration), Phys. Rev. Lett. 98, 062301 (2007).

*G. Agakishiev et al. (STAR Collaboration), Phys. Rev. Lett. 108, 072301 (2012).

* L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017). - RHIC, 62.4 si 200 GeV
* B. 1. Abelev et al. (STAR Collaboration), Phys. Rev. C 79, 034909 (2009). - ALICE 2.76 TeV

- ALICE 2.76 TeV

*B. Abelev et al. (ALICE Collaboration), Phys. Rev. Lett. 111, 222301 (2013).

*B. Abelev et al. (ALICE Collaboration), Phys. Lett. B 728, 216 (2014); 734, 409 (2014).

*B. I. Abelev et al. (STAR Collaboration), Phys. Rev. C 79, 034909 (2009). - ALICE 2.76 TeV

- ALICE 5.02 TeV

D. S. de Albuquerque, Ph.D. thesis (2019), CERN-THESIS-2019-135.

P. Kalinak for the ALICE Collaboration, European Physical Society Conference on High

*Energy Physics, 5-12 July 2017, Venice, Italy, PoS(EPS-HEP2017)168 (2017),
https://pos.sissa.it/314/168/pdf.

D. S. de Albuquerque for the ALICE Collaboration, Nucl. Phys. A 982, 823 (2019), XXVIIth
*International Conference on Ultrarelativistic Nucleus-Nucleus Collisions (Quark Matter 2018).

e L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017). - RHIC, 62.4 si 200 GeV
* B. Abelev et al. (ALICE Collaboration), Phys. Rev. C 88, 044910 (2013). - ALICE 5.02 TeV

¢ S. Acharya et al. (ALICE Collaboration), Phys. Rev. C 101, 044907 (2020).




Signature for phase transition ?

- AGS si SPS
*S. Chatterjee et al., Advances in High Energy Physics 2015, 349013 (2015).

- BES
«J. Adam et al. (STAR Collaboration), Phys. Rev. C 102, 034909 (2020).

- RHIC 62.4 GeV and 200 GeV.

- * M. M. Aggarwal et al. (STAR Collaboration), Phys. Rev. C 83, 024901 (2011).

«J. Adams et al. (STAR Collaboration), Phys. Rev. Lett. 98, 062301 (2007).

*G. Agakishiev et al. (STAR Collaboration), Phys. Rev. Lett. 108, 072301 (2012).

] * L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017). - RHIC, 62.4 si 200 GeV
* B. 1. Abelev et al. (STAR Collaboration), Phys. Rev. C 79, 034909 (2009). - ALICE 2.76 TeV

- ALICE 2.76 TeV

*B. Abelev et al. (ALICE Collaboration), Phys. Rev. Lett. 111, 222301 (2013).

*B. Abelev et al. (ALICE Collaboration), Phys. Lett. B 728, 216 (2014); 734, 409 (2014).

*B. I. Abelev et al. (STAR Collaboration), Phys. Rev. C 79, 034909 (2009). - ALICE 2.76 TeV

# - ALICE 5.02 TeV
D. S. de Albuquerque, Ph.D. thesis (2019), CERN-THESIS-2019-135.
P. Kalinak for the ALICE Collaboration, European Physical Society Conference on High

0 0 — nlr. : u[n = “2- : 1’ ; ; *Energy Physics, 5-12 July 2017, Venice, Italy, PoS(EPS-HEP2017)168 (2017),
: : Sn \1/3 ’ . 2 https://pos.sissa.it/314/168/pdf.
( s_°. *D. S. de Albuquerque for the ALICE Collaboration, Nucl. Phys. A 982, 823 (2019), XXVIIth
Cc

*International Conference on Ultrarelativistic Nucleus-Nucleus Collisions (Quark Matter 2018).

. . e L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C 96, 044904 (2017). - RHIC, 62.4 si 200 GeV
J.-P. Blaizot and J.-Y. Ollitraut, Phys.Lett 191B(1987)21 + B. Abelev et al. (ALICE Collaboration), Phys. Rev. C 88, 044910 (2013). - ALICE 5.02 TeV

¢ S. Acharya et al. (ALICE Collaboration), Phys. Rev. C 101, 044907 (2020).

AN BANTUET AN PSRNy ARG 0T AN RS an TR
dy 2 dy “ dy * dy * dy “ dy
dEr 3 dN | (x+ 4n- dN | (p1p=-+2 dN | (k+ 41K~ A+A.Q 46 dN  yo AN st o5
/T ~ _(<7""/T>f) nt4m )+2(<,,”T>_/)(p+p._ +H+)+(<"“T>_v)(1\++1‘ A+AQ +S2+)+2(<7.”T> v )1 S+2(<7I'I.T>%)(L++L )
dy 2 dy dy dy dy dy
(mp)— > (mr)—mo  _for baryons
for RHIC energies: <mT>— > (mT> +mo - for antibaryons
(mr) - for other particles



8] ~149 fm?
-+ 8] ~108 fm®
=+ S} ~ 64 fm?
...sj‘_

2 4 6 8 10 12 14 16 18 20

Signature for phase transition ? - experiment

)

O 0.85E

= ]

R > 0.8 :

2 o0.75E
. vt Z ;
ystem |s )
o S o7f

Au-Au 7.7, STAR E
Au-Au 115, STAR ll-° 0.65E
Au-Au  19.6, STAR Y-
Au-Au 27, STAR S .GF
Au-Au 39, STAR E
Au-Au  62.4, STAR @ 0.55E
Au-Au 200, STAR O :
Pb-Pb 2760, ALICE Q. 0.5
Pb-Pb 5020, ALICE o) :
Fit - 4th degr. poly. CT) 0.45 3]

<d N/dy>/sie°m(fm'2)

M. Petrovici and A.Pop, arXiv:2209.08828 [hep-ph]



https://arxiv.org/abs/2209.08828

Strangeness production - smoking gun of deconfinement

| J.Rafelski and B.Muller, Phys.Rev.Lett. 48(1982)1066




Strangeness production - smoking gun of deconfinement

| J.Rafelski and B.Muller, Phys.Rev.Lett. 48(1982)1066

dN cen
MB
(dy) = Npart[(l - fcore)Mipp + fcaTeMicore]
i
o [T T T T T
107 - w W
i g v i
102§—Ipﬂ - . oo
C Py Al . © L)) .j:
>\105— & & [ =
‘§ F L e :
L o 4
©op m
c L T ]
C o ]
-1 -
0T W ore okt o xn ]
12 _E 0 =T BQ ]
T PP PP PP IR PPN I IO
0 50 100 150 200 250 300 350
(N par?

M. Petrovici et al., Phys.Rev. C96(2017)014908

ALICE Coll., Phys.Rev. C88(2013)044910
ALICE Coll., Phys.Rev.Lett 111(2013)222301
ALICE Coll., Phys.Lett. B728(2014)216
ALICE Coll., Phys.Rev. C91(2015)024609




dN/dy

5 [T T
107 - w W
i g v i
10° ﬂﬂ L C I
Eﬂ N a0 = © ) -?
o & ex® o e
E L  ® ® 3
N LI e ]
L. i
E @ 3
- 'y i
C LY ]
_1__ —
10 w Bt =K' eP <A 3
C o . ]
-2 | -
10 T PP PP PP IR PPN I IO

0 50 100 150 200 250 300 350

(N par?

cen

(&),

Strangeness production - smoking gun of deconfinement

= Npart [(1 - fcore)MippMB + fCOTEMiCOT.e

]

M. Petrovici et al., Phys.Rev. C96(2017)014908

ratio to
)

| J.Rafelski and B.Muller, Phys.Rev.Lett. 48(1982)1066

- EPOS 3.210

T TTTT

/.’i.. L‘.-..”—NV._.-._.- -@un
g M -
]

R aoc® ;.'.‘?o. % o0e000®

o, ALICE (black)

— full
CO+CO

eeee COrONa

—e—e COTE

[u—

10

102 10
<dn , /dn(0)>

thin lines = p
intermediate

f

(7TeV)
nes = pPb (5TeV)

thick lines = PbPb (2.76TevVvV)
circles = pp (7TeV)

squares = pPb (5TeV)

stars = PbPb (2.76TeV)

ALICE Coll., Phys.Rev. C88(2013)044910
ALICE Coll., Phys.Rev.Lett 111(2013)222301
ALICE Coll., Phys.Lett. B728(2014)216
ALICE Coll., Phys.Rev. C91(2015)024609

K. Werner et al., EPJ Web of Conferences 171, 09002 (2018), SQM 2017

10



Geometrical scaling for light flavor hadrons
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(dN/dy)(strange and multi strange) /(N /dly) - (dN/dy)/S ; correlation
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(dN/dy)(strange and multi strange) /(N /dly) - (dN/dy)/S ; correlation
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(dN/dy)(strange and multi strange) /(N /dly) - (dN/dy)/S ; correlation
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(dN/dy)(strange and multi strange) /(N /dly) - (dN/dy)/S ; correlation
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Short review A-A vs pp @ LHC
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Highest charged particle multiplicity in pp at midrapidity selected by “VOM” by ALICE Collaboration !!!
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Outlook

> A clear transition in the:

- (dE /dy)/(dN/dy) - (dN/dy)/S ; correlation
and
- slope of &gj* T- (dN/dy)/S
in the region of the highest RHIC collision energy, followed by a steep rise at the LHC energies

> A similar trend is evidenced in (dN/dy)range and multi strange) /c(dAN/dy) - (dN/dy)/S , correlation

> The (dE1/dy)/(dN/dy)-(dN/dy)/S ; and &g; - - (dN/dy)/S , correlations for pp collisions at \s=7 and

13 TeV follow qualitatively the ones corresponding to Pb-Pb collisions at \/SN N=3.02 TeV

> (dN/dy)multi strange) /(dN/dy) - (AN/dy)/S , correlations in pp collisions at LHC energies follow the
trend observed in Pb-Pb collisions

» At the LHC energies the global features of the interactions are mainly determined by

the properties of the initial chromoelectric flux tubes, the system size playing a minor
role.

» The need of theoretical models able to explain all the features evidenced in the multi-
differential analysis and representations of experimental information in order to
pin down the relative contribution of the main processes behind
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