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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




Could we unravel

the
History of the Universe
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based on experiments
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How to produce extreme states of nuclear matter

in terrestrial laboratories ?
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Temperature
~1012°C
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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.
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Theory predictions

String percolation
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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
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Local parton-hadron duality picture
and dimensionality argument
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decreases as a function of:
- collision energy
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Experimental results
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f(Hadron mass) (c)

f(Hadron mass) (cplope: <p>

Slope: <p,>
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Signature for phase transition ?
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Strangeness production - smoking gun of deconfinement
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Do we see a new state of deconfined matter at LHC energies?
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Short review pp vs A-A @ LHC
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Highest charged particle multiplicity in pp at midrapidity selected by “VOM” by ALICE Collaboration !!!
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What’s next ?
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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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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
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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
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pp vs. Pb-Pb @ LHC - hydro models
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