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1) Past Highlights at RHIC and LHC
2) Tentative Summary and Future Issues
3) Lower Energy Scope
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1)Signi ficant Progress
2) What will be our future?




RHIC and LHC
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PHENIX PRL88,022301(2002)
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High p; suppression
Y Particle energy was lost

through a dense matter like QGP
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Two Major Discoveries at RHIC
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Strong Elliptic flow p, (GeVic)
Y Agree with the hydrodynamics
Y Low viscosity/entropy (h/s)

Dense and Low-Viscous Fluid is formed in nuclear collisions
at RHIC. These results are confirmed at LHC also.




P. Extended Raa to pt ~100 GeV/c (LHC)
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Parameter related to the energy loss in QGP, (Aq
g=1.2+0.3GeV4fmatT =370 MeV (RHIC)
q=1.9+0.7 GeV?/fm at T = 470 MeV (LHC)
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JET Collaboration, Phys. Rev. C90, 014909 (2014)




Jet Modification
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Asymmetric di-jets and even mono-jets (!)
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PRL 105, 252303 (2010) PHYSICAL REVIEW LETTERS 17 DECEMBER 2010
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A large jet E; asymmetry
A Perhaps, direct evidence of parton energy loss in QGP?




@

RIKEN

RHIC

® n*+1 (PHENIX) - p+p (PHENIX)
B K'+K (PHENIX) O A+X (STAR)
K? (STAR) 1 =+E (STAR)

Measured Data

I"GIETJ'nq (GeV)

Normalized by
# of quarks

T o

c

v/

0.14

0.12

0.1

0.08

0.06f
0.04f

0.02t

LHC

Elliptic Flow and Quark Number Scaling

_J 8§ _J§ | | jwisnl

1 1 | 1 1 1 1 | 1 1 1

Pb-Pb events at VS = 2.76 TeV
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Ker/n, scaling works well at RHIC but may not work at LHC.
Affected by a strong radial flow??? (for protons)
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P. Current Tentative Understanding for Flows
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Current RHIC & LHC flow (v2,v3,v4,v5) data are explained. a
h/s (LHC) = 0.2 and h/s (RHIC) = 0.12 > 1/4p = 0.08 g
h/s (LHC) ~ 1.6 h/s (RHIC) ﬁ

Gas Is mixed to Liquid at an initial stage? (in a gas, h/s is large)



P. Ealirer Temperature via Direct Photons
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PHENIX, PRL104, 132391 (2010) ALICE, Nucl.Phys. A904-905, 573c (2013)
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Average temperature at LHC is higher than RHIC,
but both are higher than Tc ~ 160-170 MeV.
Real initial temperature is 30-40% higher than the above?
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Hadronization Temperature
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A. Andronic, P. Braun-Munzinger, J. Stachel, J. Stachel, A. Andronic, P. Braun-Munzinger, K.
H. Stocker, Phys. Lett. B 697 (2011) 203  Redlich, J. Phys. Conf. Ser. 509 (2014) 012019

Hadronization Temperature ~ 160 MeV
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P. Sequential Melting of Quaokonia
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U(2S) more suppressed than U(1S) in HI
U(3S) even more suppressed in HI' cMs, PRL 109, 222301 (2012)
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Deconfinement observed in HI Collisions?




New Puzzle in p+p and p+A
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The above is still a puzzle and there was a special
session on this issue at this conference >




Tentative Summary
and Future
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What Have We Learned from
RHIC and LHC and Their Future?
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A Energy loss q, d/s Initial temperature T, ., T¢.

- g | ds | T, T

RHIC 200 Gev

1.2+0.3 0.12 > 300 MeV

~160 MeV
LHC 267 Tev 1.9+0.7 0.2 > 400 MeV
GeVe/fm Ratio = 1.6 1 _ 555 wev & 5300 Mev
A RHIC and LHC Plans
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RHIC L — - L —
Heavy Flavor etc. BES II sPHENIX

2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC

6.51 7.0 TeV Protons
p+p, p+Pb, Pb+Pb

LHC Upgrade

ALICE Upgrade

6.51 7.0 TeV Protons
p+p, p+Pb, Pb+Pb




P. Future Issues
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A LHC has definitely >10 years for the future programs in
association with the energy recovery and the HL-LHC.

I Study of QGP properties at high T ~ 3Tc by three experimental
groups with various probes, such as sequential quarkonia
melting, v2 to v5 (or even higher order) flows, jets, heavy
flavors, J/Y melting vs. recombination, chiral magnetic effects,
etc.

A RHIC will complete its scientific mission by mid-2 0 2 0 6 s
I Complete the study of QGP blow Tc to ~2Tc.
I BES-II to complete the search for Critical Point
I SPHENIX run to study jets at T~2Tc

A Also, pA or pp puzzle must be solved.
A eRHIC?

A Lower energy HI to probe higher density region?
16
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P. Comparison: Collider vs. Fixed Target

RIKEN

_J 8§ _J§ | | jwisnl

Comparison between collider and fixed target experiments

Collider (Pb+Pb or Au + Au): 1027 ~ 10?8 cm2s1 for RHIC and LHC
If 1028 /(cm?/s ) for Au+ Au Y 1028x 7 barn = 7x104/s = 70 kHz
é 50 kHz data rate is a future challenge at both RHIC and LHC.

Fixed Target Equivalent :  Currently, 10° per bunch at AGS for RHIC
If, an interaction rate of 1% target order
Y for Au + Au collisions, 10° x 0.01 = 107 = ~ 10 MHz/bunch
Y If 1 pulse = 5 bunches and 5 seconds = 1 pulse,
per bunch is almost equal to per second.

~1019-11 beams/s on a fixed target, 1% target implies

100MHz to 1GHz collision rate Y A new physics may
come out with high intensity heavy ion beams on a
fixed target, and this direction could be interesting.
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Event-by-Event Fluctuations
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FAIR, NICA? and
J-PARC?
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Possiblility for High Density Formation
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