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Phase transitions In the early universe

L019GeV Phase transitions are key issues
oV : :
to understand evolution of universe
106GeV —
1 j\z EW phase transition
~ . . t ., n
0.1TeV — 7 (baryogenesis if strong 1st order transition)
Inflation -
Latent heat in 1t order QCD phase transition
0.1GeV — transition => big-bang ‘
Testable unique place \g\eutrino decoupling
0.1MeV —+— quenp Photon reheating
S ucleon synthesis
@
0.1keV + o
Q.
= N
0.1eV - F Recomblnau_ s
Photon decoupling Present
Time [sec]
0.1meV — I I ¥ I I I I I I
-36 1 ()-34 -10 10 20
10 10 Kensuke I:—I|-g)mma/ Hiroshima]ljniv. 10 19



Un

derstanding of QCD phase structure

RHIC achieved:

T : : _ o
>High temperature & opacity Black =model prediction
: _ latti .
>Strongly coupled matter with quark d.o.f ~ ©reen ™ 'atice predictions
Red = freezeout points from data
200 T T T T T T T
Rigedl™ E04 HBOD | 1503 M. Stephanov, hep-lat/0701002
vy [© f?éhl}ﬁ{l"“‘-n.l_lj“l
150 F e i TR .
Conjectuired chiral p.t. "l e
INJLOR B
- ——— oo e -
TC -~ ~ c;m [_:\-]lll {'?TL"E e
Crossover m !=0 ‘ . NILS9b
ANILOS WIL89g
CEP? Theoretical predictions_on CEP

Is acgessible region by RHIC

really

Crosgover for any kinds 1%t order ?
of order parameters?

0

] 200 400 GO0 R00 1000 | 200 1400 1600
pip. MeV

crossover? n with deconfinement p.t.?

Up

v

A Jd
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Landmarks at RHIC

Kensuke Homma / Hiroshima Univ.



RHIC Specifications

3.83 km circumference
Two independent rings

— 120 bunches/ring

— 106 ns bunch crossing time

Can collide

~any nuclear species
on

~any other species

Top Energy: M%%(WO GeV)
=> 500 GeV for p-p
= 200 GeV for Au-Au
Luminosity
— Au-Au: 2 X 106 cm? st
—  p-p :2x10%cm2st
(polarized)

Kensuke Homma /



RHIC’s Experiments

BRAHMS <)

o -

>V

—— | - /
BOOSTER =




Number of participants, Np and Centrality

Em}pelrlpheral central

Participant Np

o:+:>

Spectator

00 1000 1204 1400 1600 180G 2000
BBC Charge Sum

pution at mid-rapidity

Number of tracks

7



2 ™ direclyRM 0-10% < T 1 k[ L —
- PHENIX Preli [ ] £0 Rpa 0-10% (arxiv.org:xxxx.yyyy) < 7V|tev,\[s_,mT22.4 e
1.8: relintinary PbGl & PbSc v 1 Ry 0-00% oc _no energy Igs
E AutAuy s =200 GeV A [0 RM 0-10%
1.6
14
1.2~
S 11—
0.8 f } """"""""""""
0.6
70 }i H‘ }
04? . * ; % } . |
02711 ‘--...n.'...'-- ' :
o:lll[JLlJEIIIIXIJIIJIlllllllllllllllllllll 07‘ L L - | L : ! :
0 2 4 6 8 10 12 14 16 18 20 0 5
p. [GeV/c]
arXiv:0801.4555

IS med|um dense enough?

Nuclear Modification Factor

d°N**/dydp,

d°NPP / dydp; - <N

!1]&

coll >

Particle Species Energy

% Au+Au 200 GeV (Run 4)

n® Cu+Cu 22,62,200 GeV (Run 5)

LI B
=22.4 GeV

) \[_MN 62.4 GeV
o \/s,, =200 GeV

[ Vitev, 22.4 GeV, 130 < dN*/dy < 185 -
[ Vitev, 62.4 GeV, 175 < dN*/dy < 255 |
[ Vitev, 200 GeV, 255 < dN%/dy < 370 |

Cu+Cu, 0-10% most central —

—e—
—e—
—e—
—e—

Kensuke Homma / Hiroshima Univ.



egT [GeV fm2cT]

Is Initial temperature high enough?

pe .
In central Au+Au collision
-— —_— R T=221£23(stat) £18(sys
= - 7; Lattice result T.~170MeV
- 10* E
—— < .~ & * AuAuMBXx10*
dz =z, dy 2 10°F
O , u © *  AuAu 0-20% x10?
2 10°
Eo. = 1 1 d ET E = o =  AuAu 20-40% x10
Bj 2 “a 105
7R* 7, dy g £k P
e Us -
' ' ' ' T T [ T T T T % E \"‘T?_\ §
— | c107's ™ 5
B . ‘“':-’S - ‘r‘\ *1}“_“1?%__‘
B ’i | o 10-2 = T “%L T P
> 3
4+ — @ S 3
i # ;& ] Q10°F ~ i S
B 7 © A4 T
Y. [ 2o -
T ## PO e T Rk I T
éé R ©200GeV | - N Y
i §§' & @ 0130 GeV 1 10°E = N
I ©19.6 GeV - i S
PR SR T TN NN WA W SN WA N S T ST SN N S W N gl b b b b b s
0 100 200 300 . 107 2 3 4 5 6 7
b P, (GeVic)
PHYSICAL REVIEW C 71, 034908 (2005) arXiv:0804.4168v1 [nucl-ex] 25 Apr 2008

Kensuke Homma / Hiroshima Univ. 9



Is bulk collective motion seen?

PHENIX  (Phys.Rev.Lett.91, Preliminary: QMoS, QM06)

d’N ® - T8 minbias, 0-10%,10-20%,20-30%,30-40% 20-60%
E 3 = C=-T min.bias
p H- K++K min.bias, 0-10%,10-20%,20-30%,30-40%,20-60%

ih= p+p min.bias, 0-10%,10-20%,20-30%,30-40%,20-60%
min.bias, 10-50%
+:@cos(2[(p ) R D
STAR  (Phys. Rev. Lett. 52,Phys. Rev. € 72 (2008), Preliminary QM0S, SQMO6)
- T8 minbias
-K{:  minbias, 5-30%,30-70%

w=ptp:  minbias I
O-A+A:  minbias, 5-30%,30-70%

0 3 ¥- R min.bias
A-0O+Q:  minbias

AU+AU @Y 5, =200GeV

0.2 —

< »

LSt
aE=

_[:}—
L S

<

o

o
8 el
B s

Vs
[N 3
N m

% e
«m;-m
— e
= [ 3
<>
-Em R
(5

01

-
E

oW O g e

2
p; (GeVic)
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Any partonic degree of freedom?

0.3

0.1

Constituent quark number, n, scaling

L A L L BN L B 0.5, -«
Au+Au \|s,,=200 GeV Jf _ _ Aut+Au s, =200 GeV i
pod s ff 1% ' .
r{?;{h{i} LQR + ) i 3 'w +% : % ]
- g% o ﬁ!ﬁ} %}(éf - =03l N, N
. j, 3 &gﬁ a7 E PR | ]
ey 2 lgﬁ | = L 2 i
’éi A + 7 ] stz {Ai -
% oI B ; i
N 3% +. : ¢ S 4 y
i 3 8 8 | 0.1 .
& T e A I ™ ener ryvwas * S

p; (GeV/c) KE{/n, (GeV)

KEr=m(y;-1)=m,-m

Kensuke Homma / Hiroshima Univ. 11



Experimental approaches to
critical phenomena

<qq-bar>:
J/y suppression (deconfinment)
low mass vector mesons and dilepton continum (chiral)

Bulk collective observables:

Density-density correlation in longitudinal space
(critical temperature for any order)

Isothermal compressibility (2"d order)

Heat capacity (2"d order)

Sound velocity via eccentricity scaling of v2 (15t order)
Viscosity to entropy ratio with v2 and R,, (CEP?)

Kensuke Homma / Hiroshima Univ. 12



What is the critical behavior ?
Ordered T=0.995T, Critical T=T, Disordered T=1.05T,

g‘:ﬂ '.:,j' e X :;_,-"_:‘ Do

$pat|al pattern of '
erdered sl;al“{a “

Scale transformation

from small to large

® |arge fluctuations of correlation sizes on order parameters:
» critical temperature (focus of this talk)

® Universality (power law behavior) around Tc reflecting basic
symmetries and dimensions of the underlying system:

» critical exponent (future study after finding Tc)

A simulation based on two dimensional Ising model

Kensuke Homma / Hiroshima Univ. | from ISBN4-563-02435-X C3342] 13



Density-density correlation in longitudinal space

Longitudinal space coordinate z can be transformed into rapidity
coordinate in each proper frame of sub element characterized by

a formation time t where dominant density fluctuations are embedded.
Z =7 sinh(Y)

t =7 cosh(y)

dz = 7 cosh(y)dy
Due to relatively rapid expansion in y, analysis in y would
have an advantage to extract initial fluctuations
compared to analysis in transverse plane in high energy collision.

g(T,¢,h)—g():J-§ydyM
L (og) Lo )
{272 cosh(y)(@yj +cosh(y)(2% +U(¢))

In narrow midrapidity region like PHENIX, cosh(y)~1 and y~n.

Longitudinal multiplicity density fluctuation from the mean

density can be an order pArAMEIEr - g0y = p(17) —(p)

Kensuke Homma / Hiroshima Univ. 14



Direct observable for Tc determination

GL free energy density g with ¢ ~ 0 from high temperature side is
Insensitive to transition order, but it can be sensitiveto Tc

9T, 4.1 =Gy~ ATVH)* + a(T)g + L bgir Ty -y

spatial correlation ¢ disappears at Tc = a(T) =2a,(T —T;)
Fourier analysis on

Go(y)=<¢(0)o(y)>

Susceptibility

) -1
(16 ) =Y [G,(y)e™*Vdy o= [009-8) ] _ 1
g )= < oh 0p’, a,(T - T,)(L+k*&?)
k1 /= 2
Y oa)+ Ak Susceptibility in long wavelength limit
1-D two point correlation function
pNT Yico = oC éGZ(O)
G,(Y) =y ST T =T) T
2Y2A)
Correlation length Product between correlation
AT) length and amplitude can also
§(T) = be a good indicator for T~Tc
aO(T _Tc)

Kensuke Homma / Hiroshima Univ. 15



Intuitive observable: blob intensity a x blob size &
; - Two point correlation <¢(n,)d(n,)>

In 1-D longitudinal space
C, caexp|n—n,|/¢)

1
== free energy up to aloc y T <p>roc<p>T

\ 2" order term 1-T./T

Non monotonic increase
of a§ indicates T~Tc
w.r.t. monotonically
decreasing baseline

as mean density <p>
Increases.

o

I\/Iany length scales appear
(a typical ¢, disappears)

N, A
GL with higher order terms

Kensuke Homma / Hiroshima Uni



Density measurement: inclusive dN,,/dn

Cu+Cu@62.4GeV Cu+Cu@200GeV

- - - b El T S = LR e o e
Negative Binomial Distributionff g7« e oL g o masuese |
. ~ b AR e A8 B T
(NBD) perfectly describes _§ [# o Jxx s oo 8| Fadar 7 a0ehe Dol
Z :,':.'.' : *, '\‘ l\‘\ AR GCJ B .,'j"'r:.; ‘f““t‘\ ‘):;"‘a H B, w msuere

. . P . . . 101 ’ - A Y _ ¥l s Y
multiplicities in all collision g %!/ LA A OV BN LR
Corey o R A ] Eepettu f A 3
_.::' @ L S » _ Ci a:;:; 1 "., i ‘1 a ]

systems and centralities i VLY R Eﬁ-.::; VAR

e * v B
" 'q [ oo
' . T s
10%r ‘: 4 i‘. l| 4 Y = 100 ' ﬁi* : ‘1' ‘1 o t: . a
h'y L S ) + 3 Ealuy ,\ Ly, “ y E
a . Cte L T, A ] Fowy 4"‘t Yoy o J
Cmy L v + ] Faviy L ¢ Y N -
_:r 1 * L Y i :l::q 1 ‘1“ 3 , ]
] L]
L r i :: T
[ oo ¥ [
M IR R VI ST IR P R A R
0 1 2 3 0 1 2
N /<N > N /<N_>

p+p@200GeV
Cu+Cu@22.5GeV Au+Au@62.4GeV Au+Au@200GeV

’_ﬁ T T ’_t T T T I-'l T T T | | T T T T | | T T T T
z . B = + 4550%x j0d W SE00% x 120
& - N, = O o 4% e * Ssfnelin o
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H " N ] * v 3 e vy o Y v 3
n . ih
e H _\-‘V__ B “ - = PRI ' 3
[ ] S ]
o » -
P . ] ]
.« PH ENIX . °
0 . * b b
[
1 II 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 al 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
1] 5 10 15 0 1 2
H{hr<N¢h> N(h"“ch} Mch“"‘ﬂ'\)I



Two point correlation via NBD

Uncorrelated  ¢° ° o, Correlated _e% e
| source 1 sources 8 e SOUrces 3.%‘.
‘ o 1
il “
: : k=k,
source 1+2 source 2
n
NBD P® = I'(n+Kk) H/K 1 k=1 Bose-Einstein
" T =D\ 1+ u/k ) (14 /K< k=oe Poisson
> 1 [1 .
~=—+—| p#=<n> |1k corresponds to integral
wooop K of two point correlation

Kensuke Homma / Hiroshima Univ.
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Differential multiplicity measurements
on

A n<0.7 integrated over A ¢<i/2
PHENIX: Au+Au @4 sNN—zooeev

107 g =

¢ 1/8x107 (dn=0.087)

P(n)
0]
o
<<
%
;U
9]
<
o1
\I
CD
O
W 4
Nl
O
o
w
bag
N _|
o]
o
\I
N

[

2/8 % 10° (in=0.175)

Probability (A.U.)

318 %107 (dn=0.283)

O
' mall 81’] & 4i8 x10* (bn=0.350)

c-* ¥ 58x10% (in=0.438)
4 & B8 x10%(in=0.525)
A B 78x10"(in=0613)
J A e 88 (in=D.700)
v
PH ENIX \ Iarge 8’]’]
o 1% B ANMNAN NN S
Zero magnetic field to °© o5 1 15 2 25 3 35
enhance low pt statistics NBD can well describe n/p
per collision event. differential distribution too.

Kensuke Homma / Hiroshima Univ. 19


http://link.aps.org/abstract/PRC/v76/e034903

Extraction of a§ product

Fit with approximated functional form

E IIII| | 1 Il Illll.':l--“:ﬁ:al E IIII| I | 1 Illlll-ﬂ- 5;&- tWO particle Correlation
g . I5-15%_ g B 5-10%
z | B - G (M, ) = B (0, ) = A () A(TR)
;%- 025 -35% | i‘z . czﬁ-au%-g(nl’ 772) :ae577/§ —|—ﬂ
\, [ 130 - 40% 030 -35%
- M35 - 45% P £35 - 40% /01
' foowson| | e »o-s% [ absorbs rapidity independent
e ';Li-- i -~ bias such as centrality bin width
e . .= Exact relation with NBD k
Look atl 11 » <n(n — 1)>
slopes | L1 4 il k(1) = 7
£ ¥y ” III' < n>
on ron
_ jo _[0 C,(m,n,)dn,dn,
2_
1 : on"p
IDIh|y|S|i ReVIC 7I6’| OI3I4-|9|O|’: (2007)- : 1 11 I| | | 1 111 II| 1 —_ 2a§2(577 / 5 T 1 + e_é‘n/éj)
" - on " B B on? +h
Approximated k(Sn) = (& << 0m) T
functional form 205/ on+ p

Parametrization of

Kensuke Homma / Hiroshima Univ.
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http://link.aps.org/abstract/PRC/v76/e034903

a &, B vs. Npart

Dominantly Npart fluctuations
mand possibly correlation in azimuth

e 0.

ool © ) B is systematically shift to lower
oaor ®5% E values as the centrality bin width
oo ° O10% E becomes smaller from 10% to 5%.
el E This is understood as fluctuations
e, E of Npart for given bin widths
oot e e Lo a & product, which is
T m mmme o we o me w  monotonically related with x .,
ng_mA,UfAH@?QQ??Y,_, ™ indicates the non-monotonic
ok b behavior around Npart ~ 90.
0.001:— — —2 ——2 T
O.GJOBE— aé — ZkZOT /pl (x pl
OOCICIGE— ] |T _TC|
0.000a E Significance with Power + Gaussian:
0 0002/ ot 3.98 0 (5%), 3.21 0 (10%)
oo 4 Significance with Line + Gaussian:

Npart  1.24 0 (5%), 1.69 0 (10%)

Phys. Rev. C 76, 034903 (2007)

Kensuke Homma / Hiroshima Univ. 21
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Comparison of three collision systems

PH ENIXPreliminary

Lg- 0.0014

0.0012

0.001

€5,T~2.4GeV/fMZ?/C ;g

T I T T T I T T T I T T T | T
- Au+Au at 200GeV with 5% bin width
& Cu+Cu at 200GeV with 5% bin width

Au+Au@200GeV

Phys. Rev. C 76, 034903 (2007)

0.0006
0.0004 \Hpi
0.0002 —
rCu+Cu@200GeV | |
‘ l uu 1 1 1 u.z 1 1 1 u.4 1 1 1 u.ﬁ 1 1 1 u.u 1 1 B 'I-- 1 1
Mﬂ.ﬂﬂ"‘l T I T T T I T T T I T T 1 |
= B _
0.0012 __ - Au+Au at 200GeV with 5% bin width 7
B O Au+Au at 62.4GeV with 10% bin width |
0.001— —
- Au+Au@200GeV .
= - Phys. Rev. C 76, 034903 (2007) b
0.0008 — . ]
0.0006 — : -
0.0004 :— J‘:{ -%ﬁg - —:
L I\.I L]I'l%f _
0.0002 — I% ]
ﬂ_lALfl-lTAu|@6|2r4lGleV| TN TR N NN MO M B ]
0 0.2 0.4 0.6 0.8 1

<ucl>/<uc>@AuAu200

Normalized mean
multiplicity to that
of top 5% Iin
Au+Au@200GeV

22
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Are there symptoms In
other observables at
around the same Npart?

Kensuke Homma / Hiroshima Univ.
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Deviation from scaling at low KE; region ?
PHENIX PRELIMINARY  Au+Au @ 5y, = 200 GeV, fnf < 0.35

10 - 15 % centrality

+5 10 /o centrahty 15 - 20 % centrality

—_
an
———

5 A: centralr

—
T T T T

o

(@]
1 ._’ :
e ]

i 20 30 /o centrallty

vz(Data)/vz(Fit) v2(Data)/v2(Fit)

1.5[
1'_ _________ + ___________ .
« o+
05 T :§+pK Sys. error on vz(n)
0 i 2 0 1 2 1 2 O 1

KE,/n, -(m mO)/n (GeV)

In lower KE+, there seems to be different behaviors between
baryon and mesons. The transition is at Npart~90.

Low mass sigma field may repulse pion and attract proton?

Kensuke Homma / Hiroshima Univ. 24



Meson-meson and baryon-meson fluctuations
<7z(7z—1)>+<K(K—l)> ) (7 K)

den(Ka”): <7[>2 <K>2 - <7z><K> | Au+Auy sy =200GeV | Au+Au@200GeV

— 01
X oosf- - 1N,,, +const
< 0.08/—
0.07 :—‘ A ¢ =m/2+n/4 —~—
- [ | < 0.35 Al
°'°5§ 0.35<p._<1.05 PH'/-";-\ ENIX
oosf— ¥ { T Preliminary
0.04 ;— s
0.03f- ++
n.nzi— ‘s
0.015
R T
_ <7Z-(7Z- T 1)> < p( p T 1)> <7Z. p> Nparticipants

W (o)

| Au+Auys,, =200GeV | AUu+AuUu @ZOOGeV

den(paﬂ-)_

— 0.01
&,

Q‘uma: _h\\v"'-_
=t 1 PH--ENIX
o - . .
> 00061 Preliminary
0.004|— . »
- § o b *
0.002|— |8 +
3 t
-0.002[— A p = /2+m/4
000k | < 0.35
e 035<p_<1.05
-0.006 — 06=< P, < 2.0
PETETE iy B  T T AT TR N S N A T N TN N TR MR T N A T S A U A
-n'mﬂ 50 100 150 200 250 300 N 350

participants
Kensuke Homma / Hiroshima Univ. 25



How about <cC> suppression?

PH ENIXPreliminary

),g‘ u-m1‘ [ T T T T T T I T T T I T T T | T T T | ]

0.0012 - ®  AutAu at 200GeV with 5% binwidth

E . & Cu+Cu at 200GeV with 5% bin width E

e Au+Au@200GeV B

0.0008 — -

0.0006 — -
o 1 ggyt~2.4GeV/im2/c

0.0002— -

F Cu+Cu@200GeV e

% 0z = o4 o8 08 ILU’IM1

J/y suppression pattern
E N ' ' o ' ' ' L |

.

"'---_‘_'_‘_- =
.

- --"'—-.\,__.
Y B
e -

Ty —

1} —
1

£l l

e h HHE
ly|<0.35 PHASENIX [ﬂﬂﬂ
i
CutCu, syst +12% Method 1 Cu+Cu

g
i)
m Authu, SIS 12% ___ pethod 1 Aushu

102 Npart
arXiv:0801.0220v1 [nucl-ex]
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Plan for lower energy runs
(readiness of PHENIX)

Kensuke Homma / Hiroshima Univ.
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2007 PHENIX Detector

P

PHENIX 2007

Central
Magnet

Increase statistical &

systematic precision of
rare signals in AuAu, e.g. o
Jly, jet correlations, etc

Increase reach in p+,
especially with PID from
new TOF-West detector
(p+ > 8 GeV/c)

— ldentified particle
spectra

— ldentified leading
particles in jets

Factor of three or more
Improvement in Reaction
Plane resolution -
valuable to many signals

— Vv, for Jly, y, electrons, zocsoun
hadrons will be
extended

Low-mass lepton pairs
with the Hadron Blind
Detector

West Beam View East

Central Magnet

ZDC N
Mully

Kensuk



VTX, FVTX, and NCC for future runs

Central Vertex detector (VTX)
Strip pixel

mum H ‘ B, l i ,

m tlll_h |.!
iii.uu 111 r - : I ] 1:1:'::1

Nose Cone Calorimeter
Forward VTX (FVTX) (NCC)

PHENIX can extend both rapidity and azimuthal coverage

Kensuke Homma / Hiroshima Univ. 29



In/out of relevant detectors

FY 2007 2008 2009 2010 2012

RHIC runs AuAu@200 dAu/pp@200 10w LE runs 10w LE runs
(PHENIX expects)

RXN g

HBD (|

VTX

EVTX e
NCC

Kensuke Homma / Hiroshima Univ. 30



Accessible observables in PHENIX

Signature Required | Note
# of events
Differential <N fluctuations 100 M B=10
Integral <Ny fluctuations 1M
' <p7= fluctuations 1M
=k/m>= tluctuations 1B
Minimum bias PID spectra 0.5M pT < 2 GeV/c. EMCAL (would like

more at higher collision energies)

Centrality binned PID spectra S M pr < 2 GeV/e. EMCAL (would like
more at higher collision energies)

Minimum bias v S M pT < 2 GeV/e, EMCAL (would like
more at higher collision energies)

Centrality binned v 50 M pT < 2 GeV/e. EMCAL (would like
more at higher collision energies)

Raa T 100 M Full centrality dependence

Raa e 2B Full centrality dependence

Di-hadrons 100 M

HBT (“Basic”) 100 M

HBT (*“Advanced™) 2B

Di-electrons S50 M

Kensuke Homma / Hiroshima Univ. 31



T (GeV)

Hy (GeV)

0.15

0.1

0.05

0.8

0.6

0.4

0.2

Choice of collision energies

0.2

0.15
SIS

0.1

T (GeV)

0.05

0

SPS

RHIC

Vs (GeV)

PRC73,034905 (2006)

Kensuke Homma / Hiroshima Univ.

0 0.2 0.4 0.6 0.8 1
B Ug (GeV)
1 Lt il lN‘H
1 10 100

Weeks to collect AuAu

sample In 2010

Weeks to collect AuAu

sample In 2012
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Summary

RHIC created strongly coupled high temperature & opaque state with
partonic d.o.f. This is the very beginning of the scientific program on
guantitative understanding of the QCD phase structure.

Correlation function derived from GL free energy density up to 2nd
order term in the high temperature limit is consistent with what was
observed in NBD k vs dn in three collision systems. This provides a
way to directly determine transition points without tunable model
parameters with relatively fewer event statistics.

The product of susceptibility and temperature, a§ as a function of
Npart indicates a possible non monotonic increase at Npart~90. The
corresponding Bjorken energy density is 2.4GeV/fm3 with t=1.0 fm/c
and the transverse area=60fm? The trends of a& in smaller system in
the same collision energy and in the same system size in lower
collision energy as a function of mean multiplicity are similar to that
of Au+Au at 200GeV except the region where the possible non
monotonicity Is seen.

Combining other symptoms in the same multiplicity region, we hope
to understand possibly interesting behaviors.

Lower energy runs will surely take place at RHIC. However, actual
colliding energies are still under discussion between collaborations.
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