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An overview
on some global trends observed in heavy fon collisions
based on experimental results from AGS up to LHC eneryles;
on similarities between py and Pb-Pb collisions at LHC
and what to /: one at FATR-CBM

Outline

> Introduction

» Do we see a new state of deconfined matter at LHC ?

<p>/[(dN/dy)/S ,]'? centrality and collision energy dependence
[(dN/dy)/S ,]V? scaling

(dE /dy )/ (dN/dy) - (dN/dy S , correlation

The slope of &g;- - (AN/dy)/S , correlation - energy dependence
(dN/dy)(strange and multi srrange) /(N /dy) - (dN/dy)/S , correlation

YV V V VYV V VY

collision energy dependence of (1-RAA)/[ (dN/dy S , ] for entral collisions
» Similar studies for pp collisions and comparison with Pb-Pb collisions

» What remains to be done at FAIR-SIS100 energies ?

» Concluding remark

Results obtained in collaboration with:
A. Pop, C. Andprei, 1. Berceanu™, A. Lindner, M. Tarzila



2024 - Year of Anniversaries

> 75" Anniversary of IFAR - precursor of IFA => IFIN-HH

> 70" Anniversary of CERN

> 50" Anniversary of High Energy Heavy-lon

> 25" Anniversary of our membership in ALICE @ CERN
> 20" Anniversary of the DetLab of Hadron Physics Department

> 20" Anniversary of CBM Collaboration
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20 years of R&D activities
for developing a new generation
of RPC & TRD

Electronic version
HPD Couriers can be accessed at:
http://niham.nipne.ro/HPD Courier.html




70" CERN anniversary, Romania in ALICE 25" anniversary
QUANTA exhibition, 5-31 October 2024
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ALICE exhibition - entrance hall
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50" anniversary of high energy heavy-ion

» The high-energy heavy-ion program at LBL has started in summer 1974
(CERN Courier, June 1974)

» A University of Frankfurt group has exposed their AgCl detectors to various
heavy-ion beams at energies from 250 MeV/A to 2.1 GeV/A.
The observed peaks in the angular distributions of light fragments that moved
with beam energy in a manner suggestive of these particles arising from shock
waves, causing considerable excitement in the nuclear science community.

» After being used for several high energy experiments, the LBL streamer chamber

used in the collision of 1.8-GeV/nucleon Ar on a lead oxide target, evidenced
charged particle multiplicities of over 100 in such reactions.

https://escholarship.org/uc/item/8bw3436f




Big Bang

Could we unravel

the
History of the Universe

Quark-Gluon  Protons& Low-mass  Neytral Star Heavy

Plasma Neutrons Nuclei .
1013K, 1065 1012K, 10-4s 109K, 3 min 4000K. 105y chir Yo

based on experiments
in terrestrial laboratories ?
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How to produce extreme states of nuclear matter

in terrestrial laboratories ?
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Strongly Bound Clusters
Hadrons
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Phase transition

\

Weekly interacting

Quarks and Gluog

A phase transition is expected at:

3 -3
pg ~Agcp” ~ Lfm

~6 fm
~ 1022 sec

A. Mazeliauskas, Nucl.Phys. A 002018)1, QM 2018

~ O0.1fm/c ~ 1.0fm/c
. .

____________________

kinetic theory

classical fields

'
H - log 7
/ hydrodynamics




ege,e LHC: Collider
Large scale facilities Pb+Pb @5020GeV/A
RHIC: Collider
AutAu @ 200GeV/A ‘?
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Click on the area of reg
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SPS: rixed Target § 7 e
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Temperature
~1012 o

0 °C

exited nucleus

Physics motivation

Strongly interacting Matter — %355

mixed phase,
hadronic and
deconfined matter

hadronic gas

nucleus

them.”) The elder Bohr, as a young
graduate student in 1905, had written a
prize-winning paper on the vibration of
liquid drops of water. Seventy years
later his son is being honored for work
growing out of the liquid-drop picture.

mixed phased

1 e an " an, 608 Amev
10 [ DRI SG SO e Ay
sl «m +
SIS =
Y o g
Ea z (SEo>/<Ac> — 2 MeV)
2
e 5 0 5
<Eo>/ <A,> (MeV)
J.Pochodzalla et al., J.-P. Blaizot and J.-Y. Ollitraut,
ALADIN Coll., Phys.Lett 191B(1987)21
arXiv:[nucl-ex]9607004
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Physics motivation

H1+ZEUS Fainihdd

Q=20 GeV? H1 NLOhQCp Fit 2000 \:\
xg=a*x *(1-x) “*(1+dVx+ex) g
A
FFN heavy-quark scheme c
(e ’
& 7

Q?=200 GeV? [] total uncert.
Il exp. uncert. Reggeon
Pomeron
ZEUS NLO-QCD Fit
(Prel.) 2001
xg=a*x"*(1-x)"

RT-VFN heavy-quark schem

geometric
scaling

- Dilute system

] exp. uncert.

o, ~ |
[0 In(1/ \I] BFKL
mesons DGLAP
(x In(Q? )
C el el R | |I'1/\2 |nQ‘2
- 107 10 10" X o
[L.V. Gribov et al, Phys.Rep. 100(1983)1 | M.Dittmar et al., Proceedings HERA-LHC D. d’Enterria, Eur.Phys.J. A31(2007)816

Workshop arXiv:[hep-ph]0511119

System Au-Au Pb-Pb Pb-Pb pp

Following A.H. Mueller
approximations NP A715(2003)20

J5(GeV) 200 2700 5020 7000

N ) ~4.7 ~11.8 ~15.9 ~18.7

dyd2b

18 ~0.9 ~2.3 ~3.1 ~3.6

in
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Theory predictions

String percolation

T.S.Biro, H.B.Nielsen and J.Knoll, Nucl. Phys. B245(1984)449
J.Dias de Deus and C. Pajares, Phys.Lett. B695(2011)211
1. Bautista et al., Revista Mexicana de Fisica 65(2019)197

dN -
— = F(n)N°®
ay (mMN°p
n = (ro/R)?N°* - transverse string density; ¢ - the average number of strings
1 — e—1 u - string multiplicity
F(n) =
) n

(p1) = (Pr)1/F(m)
VPF)/V{(dN/dy)[S1~ 1//(1 —e™)

<pr2>/[(dn/dy)/S,] & <pr2>iro¥/p (1-e77)

<p%> 1 - average string transverse momentum

cGC

Local parton-hadron duality picture
and dimensionality argument

- Y.L.Dokshitzer, V.A.Khoze and S.Troian, J.Phys.G 17 (1991) 1585
- T. Lappi, Eur.Phys.J. C71 (2011) 1699
- E. Levin and A.H. Rezaeian, Phys.Rev.D 83 (2011)11400111

n - no. of charged particles

r)/\/ G /8L ~ —L_
from a gluon fragmentation

ny/n

[
(pr)/\/ G /51

decreases as a function of:
- collision energy

- centrality

A~ = aas
A - Centralities
E 4.5 — (Au-Au & Pb-Pb)

S o
R SR S
e — [ ®20-30% Vs .

- 7 A
L 35 4 a0.40% /7 //?/
= - ® 40-50% A P

5 o —oUYe ¢/ J ’/

=’ 3 ®5060% e _
~ - @60-70% /‘ / 7«

C 7 e
Z, 2.5 @70-80% /( T - -
= - o e //,::

a/./ o« > ;//

15 ;3/.1;3’
1 ?\‘ | | \\‘ | | \\‘ | 11111
10 10° 10°
\VSan (GeV)

M. Petrovici, A.Lindner and A. Pop, Phys. Rev. C 98(2018)024904
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Experimental results
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w39 GeV (Au-Au) = 075 *;; + 4 n | 1 =07 * * * %
m— 62.4 GeV (Au-Au) | F A% ‘%‘ . ERE: 2
w200 GeV (Au-Au) | 0-6F R % " ﬂz I B, 1060 £ T4 3 |
2.76 TeV (Pb-Pb) | = o5k 4 = 0,5. ' -
= 5.02 TeV (Pb-Pb) | 2 i g . .
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STAR Collaboration, Phys. Rev. C79(2009)034909

ALICE Collaboration, Phys. Rev. C88(2013)044910
STAR Collaboration), Phys. Rev. C96(2017)044904
ALICE Collaboration), Nucl. Phys. A967(2017)421

M. Petrovici and A. Pop , EuNPC 2022

Centralities
(Au-Au/Pb-Pb)
= ()-5%,

e 5-10%
10-20%
ws 20-30%
30-40%
= 40-50%
m— 50-60%
= 60-70%
m 70-80%
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f(Hadron mass) (c)

f(Hadron mass) (cplope: <p>

Slope: <p,>

[(dN/dy)/S ,]V? scaling
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M. Petrovici et al., Phys. Rev. C 98(2018)024904
M. Petrovici and A. Pop , EuNPC 2022

A. Pop and M. Petrovici, arXiv:2402.19115[hep-ph], accepted at PRC

17



-
i

-
N

<p > (GeV/e)

e

0.6

0.4

0.2

I Particles
- @

L oK'

— @p

B R B B B B
%
o |

““““““““’_‘A‘_‘RA“IL

%

e

\Snn
@ 200 GeV (Au-Au)
4 200 GeV (Cu-Cu
W2.76 TeV (Pb-Pb

% 5.44 TeV (Xe-Xe

)

( )

A 5.02 TeV (Pb-Pb)
( )

|

2

2.5

3

3.5 4

4.5

\(@N/ dy)/ SE™ (fm!)

[(dN/dy)/S ]V

f(mass)
PR

-
N

>
T

Slope: <p

scaling

L B B B
s Particles
.g@ GeV (Au-Au) o, K,p
@ 200 GeV (Cu-Cu)
2.76 TeV (Pb-Pb)
@5.02 TeV (Pb-Pb)
@ 5.44 TeV (Xe-Xe)

\

Do o bea bva bova b baa bl

Fr T T T T
I % '

o =-1.81+0.01
B =2.00 0.03
v =0.26 + 0.01
e
2 25 3 35 ) 75
V@N/ dy) /5™ (b

A 08

o

V 0.7
06
0.5
0.4
0.3
0.2

0.1

= 1.4
B 1.2
~

[ 0.8
0.6

Fit function: a,

L —
2 3 4
+aX 42,02 +a,X% +a,x

a,=-1.70 £ 0.10

a,=2.46 +0.08

a,=-1.05 +0.02

a,=0.21+0.01

a, =-0.02 +0.00

\Snn

200 GeV (Au-Au)
200 GeV (Cu-Cu
2.76 TeV (Pb-Pb,

5.44 TeV (Xe-Xe
M

)

)
5.02 TeV (Pb-Pb) 3

)

1

2

25

M. Petrovici, A. Lindner and A. Pop, AIP Conf.Proc. 2076 (2019) 1, 040001

3 35 4 75
\(@N/dy)/ Sgl““‘ (fm™)

18



Energy and Entropy density

- =Ts-p - qualitative temperature dependence

1 of entropy, pressure and energy density

- if p is small, at the transition the
entropy density o increases by the same factor
as energy density €

- dn/dy reflects the entropy, created early in the collision
mainly through the interaction of the see gluons of the

- colliding hadrons
S0y ' ' - the entropy being conserved during expansion and hadronization
J.-P. Blaizot and J.-Y. Ollitraut, E/N ~ €/s = E;/S},

Phys.Lett 191B(1987)21

s(Ty ~ (1/R03)(dN/dy)
RHIC BES energies:

(r*+x") (K*+K~ p+p,E~+2%) (A+A) dE 3 dN (. dN g+ 5T a dN x
dN cas %d_N 2dN dN T ((mT)E)(n +n )_l_z((m_r)d_y)(K +K~ p+pE+E )+((m7>d_y)(A+A)

a2y T Ty dy 2

RHIC \syy=62.4; 130 and 200 GeV':

dN _ 3dNE'E) dNEKOppEED | g (AT dEr

cachd 3 dN . g oy 84 dN x.x .
-~ - (K*+K~ ,p+p,E-+E") (A+A,Q +Q%)
dy ~ 2dy dy 3 y —2((’”T)d ) +2((mr)—=) pr + ((mr)——)

dy dy

LHC \syy=2.76 and 5.02 TeV :

d_N N §d_N(n'+x ) d—N(p»:--p.E +EY) +4d_NE‘ d_N(K»,;-K KI+KOA+AQ +QF) ‘% ~ %((mr)‘%)(u‘+Jt")_+_2((m_l_)‘:i_N)(p+ﬁ.E”+i")+4( (mr)‘:i_N)Z‘ +((mT)fi_N)(K'+K",K§+K-§’.A+R.Q" +Q7)
dy ~ 2dy + dy dy + dy Y Y y y Yy
for AGS and RHIC energies: (mr) = /(pr)2+m? — mpn - for baryons
mr) = o + -
mr) = pPr m mn - for antibaryons

<mT> - \/(pT>2 + m? - for other particles 19



Present available experimental data

- 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. I. 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).

* 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).
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<dE/dy>/<dN/dy>(GeV)
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(dE /dy)/(dN/dy) - (dN/dy)/S , correlation
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M. Petrovici and A.Pop, Phys.Rev. C107(2023)034913
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ST (fm?)
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M. Petrovici and A.Pop, Phys.Rev. C107(2023)034913
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(dE /dy)/(dN/dy) - (dN/dy)/S , and &g,

A-Avs. pp @ LHC
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M. Petrovici and A.Pop, Phys.Rev. C107(2023)034913
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<dE,/dy>/<dN/d

A-Avs. pp @ LHC

(dN/dy) (strange and multi strange) /(dN/dy) - (dN/dy) /S_L
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M. Petrovici and A. Pop , EuNPC 2022

A. Pop and M. Petrovici, arXiv:2402.19115[hep-ph], accepted at PRC

Highest charged particle multiplicity in pp at midrapidity selected by “VOM” by ALICE Collaboration !!!
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<p, >N <dN/dy>/S" (GeVimic)

A-Avs. pp @ LHC
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A. Pop and M. Petrovici, accepted at PRC
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vV VYV

ALICE Coll., arXiv:1812.06772

What’s next ?

A.Kurkela et al., PoS(Confinement 2018)152
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What to be done @ SIS100 energies?

Expected baryon densities - similar with those in neutron stars

=> constrains on the EoS based on terrestrial experiments
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What to be done @ SIS100 ?
EoS of Dense Matter

- Requirement that neutron stars reach maximum mass of at least M,,,,,>2M ¢, leads to EoS that predict:
- a speed of sound ¢’ that surpasses the conformal limit of 1/3
- a large peak in the speed of sound ¢ as a function of baryon density ng

- Are these requirements compatible with the EoS extracted from heavy ion data?

Some differences between

neutron stars with MM>2M_ fireballs of high baryon density produced in heavy ion collisions
size 10-14 km = 10° cm 6 fim = 6-103 cm
life time 106- 10" years = 10'3 - 10" sec 10-33-10-22 sec
temperature (T) 100 K =0 MeV >40-120 MeV

0 = (nn —np)/(nn +np) =1 —2Y4 qep
NS =1 SNM & =0

- violent dynamical evolution
- highly non-homogeneous initial state
- finite size effects

- in medium and isospin momentum dependence

of nucleon-nucleon interaction
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What can be studied at baryon densities similar with those in neutron stars ?

Interaction rate [Hz]
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What to be done @ SIS100 ?

=> HPD involvement

p-Linac

— GS| existing facility
e Early Science
e First Science

First Science +
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.. .. v e TRD
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What to be done @ SIS100 ?

» - Peak position

» - Maximum entropy density
expected to be reached at SIS100
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Y5 'S/<dN/dy>
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What to be done @ SIS100 ?
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Y*"/(dN/dy)
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What to be done @ SIS100 ?

Transition from baryon dominant to meson dominant matter
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What to be done @ SIS100 ?

Towards highly compressed baryonic matter

- transition from baryon-dominated to meson-dominated matter - UrQMD, QGSM ?
L.V.Bravina et al., Phys.Rev. C78(2008)014907

- evolution of parton fraction in the total energy density - PHSD ?
V.P.Konchakovski et al., Phys.Rev. C85(2021)044922
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What to be done @ SIS100 ?
Elliptic flow (v,) — excitation function including LHC results
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M. Petrovici et al., FOPI Collaboration, Phys.Rev.Lett. 74(1995)5001
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What to be done @ SIS100 ?

Structure in the speed of sound

NS EoS =2 EoS in HIC

N. Yao et al., arXiv:2311.18819 [nucl-th] E;NM _ E;NM + Bymd? + O(5Y)
B B

0= (’I’Ln — np)/(nn + ’I’Lp) =1- 2YQ,QCD

6 =0 symmetric nuclear matter

Input: Neutron Star EOS
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Pressure (MeV fm™)

What to be done @ SIS100 ?

Evidence for quark-matter cores in massive neutron stars

CBM coverage
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E. Annala et al, Nature Physics 16(2020)907

T. Mendenhall and Z.W. Lin, arXiv{nucl-th]2012.13825

polytropic index y = ¢;2 &/P = ¢/P(dP/d¢)
differentiate between quark and hadronic matter

y < 1.75 - quark matter
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What to be done @ SIS100 ?
Quarkyonic Matter

“quarkyonic phase” = Cool and dense quarks:
- remaining in the confined phase T<T,

_u>mq

The result of such approach could be an artifact of large N, expansion
=> limited relevance to QCD where N =3 !!!
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. i ~ el
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\ \
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Mn s —

L. McLerran an R.D. Pisarski, Nucl.Phys. A796(2007)83
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What to be done @ SIS100 ?
Quarkyonic Matter

Nuclear fB 4

Y. Fujimoto et al., Phys.Rev.Lett 132(2024)112701
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d’N/(prdpr dy d¢) [MeV™]

Large Baryon densities

R.D. Pisarski and F. Rennecke,
arXiv:2103.06890[hep-ph]
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Model studies suggest that regimes
with periodic spatial modulations
can occur high up

ratio

E.Grossi et al.,
arXiv:2101.10847[nucl-th]
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The enhanced yield of soft pions
near the chiral critical point
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Large Baryon densities

- Dedicated analysis:
- Excitation function of:
- collision geometry and azimuthal dependence of:

e pr spectra as low as possible in pp

slope and offset of (pr) as a function of mass

(Br) and Ty, BGBW fit parameters

Core-Corona = pp collisions at the same energies

IMFs? (*He vs. 3H)

Different A-A and N/Z symmetric colliding systems

[1] >~ [1] >

[1] >~

o "3 o 3

< 3
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Concluding remark

“We have found it of paramount importance that in order to progress

we must recognize the ignorance and leave room for doubt.
Scientific knowledge is a body of statements of varying degrees of certainty
some most unsure, some nearly sure, none absolutely certain.”

Richard Feynman
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Backup slides
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Expectations based on QCD

QCD — non-Abelian gauge theory & asymptotic freedom

D.J.Gross, H.D.Politzer and EWilczek - Nobel Prize 2004

OCD - running coupling constant «.(Q*) =

QCD - intrinsic scale
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pp vs. Pb-Pb @ LHC - (dN/dy)/S | scaling

Observable a species

<pr>=f([(dN/dy)/S.]"?]) 10 m, K, KO, 4, E, ()

1(low mult. -> 10(high mult.) p

<dE/dy>/<dN/dy>=f([(dN/dy)/S,]"2]) 10 7, K, KO, p, A, 5,0

Slope pr=f(mass) 1 m, K, KO p, 4, %, 0

<ﬁT> 1 TT, K-a K509 p: A: E) 'Q

Y 1sms)/<dN/dy> 1 K, A, =, N

Why the offset of p,;~f(mass) and T',;, from BGBW fits do not scale ?
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pp vs. Pb-Pb @ LHC

System . /syv  Cen. (Npart) steem Sy feore (SO ycore (Syarycore dN/dy
GeV) (%) (fm?) (fm?) (fm?) (fm?)
Pb-Pb 2760 0-5 3825431 1669 £ 0.7 170.7 0.7 0.94 + 0.00 146.0 £ 0.7 148.0 + 0.6 2837.0 &+ 144.0
5-10 329.4 +49 146.1 + 0.7 1547 £0.6 0.90 £ 0.00 121.9 +£0.7 126.5 + 0.5 2345.5 + 112.4
10-20 2599 +£29 1198 +£0.8 1324 +0.6 086+ 0.00 963 + 0.7 1027 + 04 1763.2 + 84.8
20-30 1854 +£39 9294+ 0.8 1075+ 05 0.81+000 71.5+08 784 +03 11958 + 54.2
30-40 128.1 £33 714 +08 872404 0.76+000 524 +0.8 597 +02 784.8 + 359
40-50 842 +26 53.7+08 703+03 070+000 372408 448 +02 4827 + 21.4
50-60 52.1 £2.0 386+ 0.8 56.1+03 0.63+£000 247 +09 331+0.1 2748 £ 12.5
60-70 295+ 13 257+0.8 43.6+02 054+000 146+09 238+0.1 141.8+54
70-80 149 £0.6 142+ 0.8 30.8+02 043 +£000 64407 151 +0.1 67.2 + 3.0
Pb-Pb 5020  0-5 385 +2 1702 £ 0.7 17424+ 0.7 094 +0.00 149.0 + 0.7 151.5 + 0.6 3320.6 & 131.4
5-10 333 +4 1492+ 0.7 1585+ 0.6 0.90 +£0.00 1244 +£0.7 1299 + 0.5 2698.7 + 117.2
1020 263 +4 1224+ 0.8 1358 +£0.6 086+ 0.00 98.1 +0.7 105.6 + 04 2042.5 + 84.7
20-30 188 + 3 949 + 0.8 1105+ 0.5 0824000 729 +0.7 80.8 4+ 03 1401.4 + 62.9
30-40 131 + 2 734 + 0.8 90.0+ 04 077 +£000 53.8+08 61.8+03 931.0 + 445
T "40-50 863+17 557408 73.1+03 071+000 386+08 469+ 02 588.6 + 27.8
50-60 53.6+12 40.7+0.8 587 +03 063 +£000 263408 349+02 3469 + 26.1
60-70  30.0 £ 0.8 279+ 0.8 4594+ 02 054+001 162+08 255+0.1 186.1 £ 26.0
—>70-80 156+05 166+07 330402 043+001 7.7+£07 17.0 £0.1 93.5 & 27.4
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pp vs. Pb-Pb @ LHC - hydro models

X (fm) x (fm) x (fm)
0-10% === 50-60% 0-1%
10-20% === 60-70% — 0-0.1%
20-30% === 70-80% — 0-0.01%
30-40% w— 80-90% = (0-0.001%
40-50% == 90-100%
(a) (b) 7 (c)
(d) (e) (f)
“ Pb + Pb p+Pb p+p
0 25 50 75 100 12500 25 50 100 12500 2.5 50 75 100 125

y (fm)

y (fm)

y (fm)

C. Plumberg, Phys.Rev. C102(2020)054908
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p-p, 5.02 TeV
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U. Heinz et al., Journal of Physics: Conf. Series 1271(2019)012018
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