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‘ Heavy lon Collisions before 2005

relativistic heavy ion collisions
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‘ Heavy lon Collisions before 2005

relativistic heavy ion collisions

hot and dense medium

The most important objective before 2005

Creation of the quark-gluon plasma (QGP)

established at RHIC
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' \'s Dep. of Heavy lon Collisions
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Collision rate (Hz)
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Findings at Top-RHIC Energy

VS = 200GeV
O Formation of QGP

* Quark number scaling / Jet quenching

O “Strongly-coupled” QGP

 strong collective flow / success of ideal hydro models

Establishment of dynamical modelling
for time evolution of the hot medium

“ Lack of such a picture for low E

>

Note: Top-RHIC energy environment

« Justification of Bjorken picture

L * high statistical data due to high multiplicity y




Elliptic Flow and Quark Number Scaling

non-central collision
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Vs Dependence of QNS STAR BES-|
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O ONS is well applicable even for 19.6GeV
» Evidence of QGP formation for this energy??

O Deviation of strangeness <11.5GeV
 Why and how??



Chemical / Kinetic Freezeouts
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‘ Crossover Phenomena

OlowT <> highT
O weak-strong couplings

Example: BCS-BEC crossover

Leggett, 1980; Nozieres, Schmitt-Rink, 1985

Bose-Einstein g unitary ) Conventional
condensate Fermi gas superconductor
(BEC) 2005~ (BCS state)
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History of physics: simple limiting cases - intermediate region




QCD Phase Diagram
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Beam-Energy Scan STAR 2012
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Vs vs Maximum Density

Density at freezeout Trajectory on T-p plane
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O Maximally compressed medium would be created at
J-PARC energy.

O Density would exceed 5~10p,
O Large event-by-event fluctuations of stopping?
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HIC@J-PARC : Motivations

O Intermediate energy collisions

» Fill the gap between two different pictures for low-
and high-energy collisions

» Onset of deconfinement phase transition

» Construction of dynamical models

O Medium at high baryon density

» QCD phase structure
» EO0S of dense medium = Neutron stars



oward Dynamical Picture for Time Evolution
/| Collective Flow



‘ Dynamical Model for RHIC Energy

Hadronic

e
thermalization ‘—7—’ ‘_7_’

~0.6fm/c Hydrodynamic Hadronic cascade
equation model

Heavy ion collisions at J-PARC energy does not

have this kind of dynamical picture.
Is hydro applicable? Then, how long??




High Intensity Beam at J-PARC

Collision rate (Hz)
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O J-PARC will provide us with
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high-precision data
detailed bin dependences (centrality, p+, etc.)

> various event selections



‘ Directed Flow v,

non-central collision

Flow
dN
L ~ 1+U1COS¢+’UQCOSQ¢—I—---}

o

reaction
plane

* v,=0 at mid-rapidity
* Vv, can take nonzero value at nonzero n



‘ Directed Flow v, @ BES-I
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« sign change at Vs ~ 9 GeV
 not fully understood

recent progress: Nara-san, heavy-ion pub



High statistics will also provide us with

rare probes (anti-proton, strangeness, ...)

higher harmonics v, v, ...

event-by-event harmonics / baryon stopping

event selection



New Observables
(at J-PARC energy)



‘ Advantages of J-PARC Detector

(that | heard from Sako-san)

TOF (5m from target)

O Detector design Prefiminarysetwp 4 fleveisier o
— Pb\.i'\z"O4
g Top View ’W / 15X,
~ TOF RICH =

~| Dipole

lepton and photon s || ¢
- 47 coverage | e

=gl | separation
- ﬂ[ p<0.8 GeV/c

thrget | | \I (iﬂrr;{ggF with 30ps —
GEM track\s .
D:u:tzlrmw p=0.8-1.5GeV/c
I : RICH (Aerogel)
\ p>1.5 GeV/c
03 2m | Fe absorhers +
0.3m
— Trackers
im
hadron-I1D (6<110°) :
e-ID : B<30° Centrality
O Observables
20° =y,.,4 at 10AGeV/c EIVI Trackers EMICAL

Muon
tracker

ZCAL

 dilepton production rate
« conserved-charge fluctuations
_ * correlation functions




Dilepton Production Rate

O Photon / lepton : no color charge
pass through hot medium without interaction

direct observables of hot medium
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Dilepton Production Rate
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Dilepton Production Rate
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Event-by-event Fluctuations

STAR, PRL105 (2010)
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Summar_y

O Many interesting Physics in heavy ion collisions at J-PARC
« onset of deconfinement
« medium with highest baryon density
 limits of hadronic and partonic models

O Experimental data with high statistics
« needed for a contruction of dynamical model
« precise understanding of the dense medium

O New experimental techniques
 dilepton production rate
 fluctuations / correlaions

Understanding of the dense QCD medium will be

deepened with heavy ion collisions at J-PARC!!







