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Heavy-ion physics at JHF

ShinIchi Esumi
Univ. of Tsukuba

(1) the highest baryon 
density expected at JHF

(2) QGP exists at SPS,
but not at AGS ?

(3) expansion and flow
at freeze-out

(4) leptonic probes
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Phase diagram
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thermal freeze-out

locally thermal
collective expansion

the end of elastic 
interactions
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chemical freeze-out
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expansion and freeze-out

Thermal Tf is saturating already at AGS.
Chemical Tf is reaching the boundary.
Transverse and elliptic flows are still increasing.  
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non-monotonic behavior of Vf
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freeze-out at critical 
mean free-path
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R. Snellings, A. Poskanzer, S.Voloshin., nucl-ex/9904003

RQMD v2.4

R. Snellings, H. Sorge, S.V., F. Wang, Nu Xu,  
PRL 84 (2000) 2803

Bleicher, Stocker, PRB 526 (2002) 309

the third flow component in v1
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A. Wetzler (NA49)

Preliminary

158 GeV/A158 GeV/A

40 GeV/A

The wiggle (the 3rd flow component) is there at SPS.
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v2

elliptic flow : v2

Reaction plane

initial geometry and
final momentum anisotropy
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pT (GeV/c)

v2

pair wise correlation analysis
reaction plane based analysis (r.p. |η |=3~4)

PHENIX Preliminary

reaction plane or pair correlation

r.p.

∆φ

SPS RHIC

pair wise 
correlation reaction 

plane



NP02 28/Sep/2002 ShinIchi Esumi / Univ. of Tsukuba 14

Au+Au at sqrt(sNN)=200GeV

pT (GeV/c) pT (GeV/c)

v2

Negatives
pi-&K-,pbar

Positives
pi+&K+,p

v2

r.p. |η|=3~4min. bias

PHENIX Preliminary PHENIX Preliminary

(*) P.Huovinen, P.F.Kolb, U.W.Heinz, 
P.V.Ruuskanen and S.A.Voloshin,  
Phys. Lett. B503, 58 (2001)

hydro model including the1st order 
phase transition with Tf=120MeV (*)

pion
proton

v2 of identified hadrons
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CERES/NA45

TPC
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low mass electron pair enhancement

larger enhancement at lower energy in SPS
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centrality and 
pT dependence

Enhancement factor 
increases with multiplicity
and is higher for small pair pT
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comparison to models

in-medium modification of ρ or 
thermal radiation with T>Tf
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ρ ρ ρ ρ modification？？？？

density effect seen in p+A 
collisions at KEK ps 
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J/ψ measurements with µµ
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J/ψ suppression as a signal 
of deconfinement normal nuclear 

absorption

suppression

Is this a jump?
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Summary 
(1) systematic study of freeze-out conditions
(2) detailed study of directed and elliptic flow
(3) low mass lepton pair measurements

can be done in order to understand QGP
and/or high density nuclear matter and by 

heavy-ion beam at JHF and/or GSI upgrade


