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Outline:

>  Introduction

Advances in High Energy Nuclear Physics:

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

>
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>

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

[(dN/dy)/S ,]7? scaling

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

The slope of &g;* - (AN/dy /S , correlation - energy dependence
(dN/dy)(strange and multi strange) (N /dy) - (dN/dy)/S , correlation
collision energy dependence of (1-RAA)/[ (dN/dy)/S , ] for central collisions

»  Similar studies for pp collisions and comparison with Pb-Pb collisions

Future Perspectives:

» pp much larger charged particle multiplicity

» Pb-Pb large rapidity PID

» What remains to be done at large baryon density ?

Innovations:

» A new generation of RPC and TRD with 2D position resolution
high granularity, high counting rate, radiation hard

»  Concluding remark



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




Could we unravel

the
History of the Universe

".
Big Bang  Quark-Gluon  Protons& Low-mass  Neutral Stat 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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Temperature
~1012 °C

0 °C

Strongly interacting “Matter”

exited nucleus

Physics motivation

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.
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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
L 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)114001

n - no. of charged particles

r)/\/ G /8L ~ —L_
from a gluon fragmentation
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decreases as a function of:
- collision energy

- centrality
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Experimental results
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[(dN/dy)/S ]'? scaling
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Energy and Entropy density
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J.-P. Blaizot and J.-Y. Ollitraut,
Phys.Lett 191B(1987)21
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- qualitative temperature dependence

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

- the entropy being conserved during expansion and hadronization
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<dE/dy>/<dN/dy>(GeV)

(dE /dy)/(dN/dy) - (dN/dy)/S , correlation
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Strangeness production - smoking gun of deconfinement
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(dN/dy)strange and multi strange) /(A N/dy) - (dN/dy)/S , correlation
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(dN/dy)(strange and multi strange) /(dN/dy) - (dN/dy)/S , correlation
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Do we see a new state of deconfined matter at LHC energies?
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pp vs A-A @ LHC
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A-Avs. pp @ LHC
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YS-1s-antipart/<dN/dy>
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Highest charged particle multiplicity in pp at midrapidity selected by “VOM” by ALICE Collaboration !!!
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ALICE Coll., arXiv:1812.06772

What’s next ?
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What can be studied at baryon densities - similar with those in neutron stars ?
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Structure in the speed of sound

NS EoS =2 EoS in HIC
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Pressure (MeV fm™)

Evidence for quark-matter cores in massive neutron stars

CBM coverage
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Quarkyonic Matter

Nuclear

28

Y. Fujimoto et al., Phys.Rev.Lett 132(2024)112701



d’N/(prdpr dy d¢p) [MeV™]

Large Baryon densities
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Multi-Strip Multi-Gap Resistive Plate Chambers - MSMGRPC

(Review and references: https://niham.nipne.ro/hpd_courier no7 August 2024.pdf)

- Symmetric structure: 5 gaps x 2 stacks
- Gas gap thickness: 140 - 200 pm
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£ - Resistive electrodes: ~1010 Qcm, 0.7 mm (Chinese glass)
- Strip structure for Readout & HV electrodes

matched signal transmission line impedance to the input

of the FEE D. Bartos et al., Rom. Journ. of Physics 63, 901 (2018)
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2D-MWPC (TRD)

(Review and references: https://niham.nipne.ro/hpd_courier no7 August 2024.pdf)
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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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