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Brookhaven National Laboratory

First relativistic heavy ion collider in the world
Circumference 3.83 km 2rings

Collision species (Au+Au, Cu+Cu, d+Au, p+p)
Energy (A+A); up to 100 GeV/nucleon

PHENIX is the one of the main experiment group

Time-evolution after collision

PHENIX Experiment Thermal
N —— . \Freeze—Oul Jo T Lo freezeout
P T Chemical

' freezeout

hadronization

QGP

thermal equilibrium

- collision




Elliptic Flow (v,)

V, is the strength of the elliptic anisotropy of produced particles.

A sensitive probe for studying properties of the hot dense matter made by heavy ion collisions.

non central collision

beam axis zf

s/

—>

=

A

Fourier expansion of the
distribution of produced
particle angle, @, to RP

Reaction
plane

=
\ _/
Tv':."-‘; —

aN

= /7{2 + Z&COS [2((P = (DRP)]}

ap

»X (Reaction Plane)

v, is the coefficient of the second term
— indicates ellipticity

If yield is (x direction)>(y direction), v, >0.

The initial geometrical anisotropy is transferred by the pressure gradients into a
momentum space anisotropy > the measured v, reflects the dense matter

produced in the collisions.
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Motivation
From the results at 200GeV

Anisotropy parameter v,

hydro-dynamical model

The results are consistent with Quark number +KE; scaling.

PH ENIX
PRL 91, 182301
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Results

Energy dependence
System size dependence
Eccentricity scaling

Universal v,
Quark number + K¢, scaling
Universal scaling
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<words>

N
N

oart -~ NUmber of nucleons participating the collision

i -— Number of binary collisions

eccentricity(e) --- geometirical eccentricity of participant nucleons

-Nucleus formed by wood-Saxon shape
-Monte-Carlo simulation with Glauber model

- Participant eccentricity which is calculated with long and short
axis determined by distribution of participants at each collision.

Participant Eccentricity

Nucleus 1

Nucleus 2

Participant
Region
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Comparison Table
| Size
! Particle System .
i Energy species ot AuAL) Centrality
scaling | Ny tKer
AuAu 200 )

@ Already known

@ s going to check next
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Comparison Table
| Size
! Particle System .
i Energy species ot AuAL) Centrality
scaling | Ny tKer
AuAu 200 )

@ Already known

@ s going to check next
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Integrated v2

Energy dependence

Comparison of
Vs = 62.4 and 200 GeV

-'V'-'
PH ENIX Au+Au

014 T | T T
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- dependence of centrality (Npart)

- compare the results in Cu + Cu which is

smaller collision size than Au+Au
- comparison of PID hadrons. pi/K/p >next page

-V.-
PH ENIX Cu+Cu
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N ]
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v, of 200GeV and 62GeV are consistent
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Energy dependence

- identified hadrons (n/K/p)

o
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<p;> of 62.4 GeV and 200 GeV are consistent within errors on pi/K/ .
Therefore v, agree at any pyregion in figures.
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Higher collision energy has larger v2 up to RHIC energy.
Above 62.4 GeV, v,is saturated.

v, of \s = 17GeV (SPS) decreases to about 50% of RHIC energies.

- indicate the matter reached thermal equilibrium state at RHIC
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System Size Dependence

Eccentricity Scaling

What can change the size of collision system.
*Species of collision nucleus (Au+Au ,Cu+Cu)

«Centrality

2008/09/11 DIFFRACTION2008
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Comparison Table

| Size

: Particle System _

' - Centralit

! SN Speclies (CuCu, AuAu) y
scaling | nochange N +Ker

AuAU 200 ‘ . .

@ Already known

@ s going to check next @ checked
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System size dependence

Compare v, normalized by eccentricity (g) in the collisions of different size.

Vv vs N
N O3l O N 0.2<p,<1.0 [GeVic]
I . AuAu EDDGe‘u’
* AuAu 62.4GeV
0.2 ¢ CuCu 200GeV —
® CuCu 62.4GeV - ﬁ
PHENIX PRELIMINARY i
0.1+ _
o8 0 & ]
o J
?ﬁg;?? -
1 1 1 ] 1 1 1 1 ] 1 1
uﬂ 1ﬂﬂ 200 300
V1 N
PH ENIX part
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System size dependence

Compare v, normalized by eccentricity (g) in the collisions of different size.

03 .V2 U '\Ilpart 0.2<p,<1.0 [GeVIc] A S W
}__|||||||||||III_ UJ1""|""|""

& AuAu 200GeV ;N I * AuAu 200GeV

* AuAu 62.4GeV 1 0.8 * AuAu 62.4GeV .

0.21 s CuCu 200GeV . [ s CuCu 200GeV ]
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0 20 300 e 200 300
e N

PH ENIX part Noart

V2/8 (Au+Au) = V2/8 (Cu+Cu) ! Systematic errors from

eccentricity is not
included here.

2008/09/11 DIFFRACTION2008 17



System size dependence

Compare v, normalized by eccentricity (¢) in the collisions of different size.
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V,/e (Au+Au) = v,/e (Cu+Cu) ! Systematic errors from
eccentricity is not
but v,/e is not constant and it shades depending on N, . included here.




System size dependence

<p-.< C
V, /e/N__ 13vs. N
2 t : art
V2 VS. Npart V2/8 VS. Npart o .pa.r. S .p. —
ND.E----|......... L]_.I'l_""lllllllll|||| ﬂ‘:_
i e AuAu 200GeV Ky e AuAu 200GeV [ * AuAu 200GeV
* ApAu 62 4GeV T 0.8 * AuAu 62.4GeV 7] *‘__Wﬂ_,ls'_ * AuAu 62.4GeV a
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I PHENIX PRELIMINARY | 0.4 ] ' i
0.1 - I ] _
e8¢ o ] 0.2 3 ?i s ¢ 'F—: 0.05F -
Iﬁm te ° . ;iﬂ" - [ ﬁ‘#ﬁ' ik A Wooeee L A
I '160' - 'zl;n' - '360' ' % Iﬂ;ﬂl - '260' — '360' | I | |
—~— N, _ Noart % 100 200 300
PH ENIX P Systematic errors from N
eccentricity is not part

included here.

V,/e (Au+Au) = v,/e (Cu+Cu)
v,/eccentricity is scaled by N,/ and not dependent on the collision system.
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System size dependence

1.0<p;<2.0 [GeV/c]
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300
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v./eccentricity is scaled by N

part

3 and not dependent on the collision system.
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System size dependence

2.0<p.<4.0 [GeV/c]
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('} 0.3 T T 1
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Systematic errors from Noart % 100 200 300

eccentricity is not Npart

included here.

v./eccentricity is scaled by N

oart - @nd not dependent on the collision system.
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Comparison Table

Size
I Particle System _
| : Centralit
: Energy SPeECIES (CuCu, AuAu) y
scaling i no change NgtKer eccentricity N o3
AUAU 200 ‘ ' ‘

@ Already known

@ s going to check next @ checked
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(13

"]

Universal v,

=Quark number + Kc; scaling
=Universal Scaling

2008/09/11 DIFFRACTION2008
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Comparison Table

. Sarticl Size
ey | e | o T convany
scaling i no change NgtKer eccentricity Npar™
AuAu 200 i ' ‘
e | @ @ | ® ®
cucuzo ! o | @ | ® ©o
cucuez | & | | ® ®
. g aeykom
@ s going to check next @ checked

2008/09/11

DIFFRACTIONZ2008

24



Quark number + K. scaling (auau 62.4Gev)

. . . i s (0)
PHENIX: Error bars include both statistical and systematic errors. Centrality 10-40 %
STAR: Error bars include statistical errors. Yellow band indicates systematic errors. Star results : Phys. Rev. C 75
PH ENIX / / / Kt/
V, VS. Pt V,In, vs. pg/ng V,Ing vs. Kgq/ng
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N o K L O K TPC
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C : %A
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0.15( il o - -
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0 1 2 3 4 5 6 0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
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quark number + K. scaling is OK at 62.4 GeV, too!
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v2 vs. pT at Cu+Cu in 200GeV collision
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Centrality dependence of PID v2 vs. pT for Cu+Cu 200GeV is measured.
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Quark number + K.+ scaling

02—
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02—
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*+ 7T

Cu+Cu Vs = 200GeV

At all centrality,
(between 0- 50 %) v, of
n/K/p is consistent to
quark number + K,
scaling.

quark number + K., scaling seems to works out at Cu+Cu 200GeV.
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Summary of Scaling

Collision energy - no change
Eccentricity of participants -> eccentricity scaling
Particle species 2 N, +Kgp scaling

Number of participants > N, scaling
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Comparison Table

Size
: Particle System .
|
: Centralit
Energy species (CuCu, AuAw) 4
|
| ..
scaling ' no change nq+KE-|- eccentricity Npanll3
____________________ N N S SRR
|
|
o O
_____________________: _____________________________________________________________________________________
|
AUAU 62 | () ()
U T S S S
|
CuCu 200 ! () ()
______________________ : I I B R
|
o | o
. T N R R
@ Already known
@ s going to check next @ checked
2008/09/11 DIFFRACTION2008
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Universal Scaling ex. Au+Au 200GeV &

quark number + K. scaling.

‘ v/n vs.m_-my/n = I

S
= [ * 0-10°
s 0-10 %
L * 10-20 %
0.16—
L 20-30 %
0.141
i *  30-40 %
0121
C 40-50 %
01—
L . *
o *
0.08F »
o *
L *
0.06- i .
B - *
5 . o * .
0.04- s * . *
* *
C v"l *
0.02F w+ _oe"*
o,
L H‘
u_||H|||||||||||||||||||||||||||||||||||||||||||||
0 0102 03040506 07 08 09 1
my-my/n,
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quark number + K. scaling.

‘ v/n vs.m_-my/n = I

ov,/ng
(Y]

0.16

0.14

0.12

0.1

0.08

0.06

0.04f

0.02f

Universal Scaling

bbb b b b b b b

*

*

0-10 %

10-20 %

20-30 %

30-40 %

40-50 %

- L
L]
*
- *
*
»
* »
-
L]
- »

0 0102 03 04 05 06 0.7 0.8 09 1

my-my/n,
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ex. Au+Au 200GeV &

+ eccentricity scaling

vz.f{nq"ep,,) VS. mr-m‘:,l'nq T

i
[T
L * 0-10%
=09k
B * 1020%
0.8
B 20-30 %
0.7F
F * 3040 %
0.6
c 40-50 %
0.5
114E :
-: . i
E -
0.3 ) . *
C - *
C - L
02F ..:* s *
C L el
_ !HA
01__ !-‘lﬁ
A n -
r &=
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 0102 03 04 05 06 0.7 08 09 1

my-my/n,
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Universal Scaling ex. Au+Au 200GeV &

- ) o B . _
quark number + K. scaling. eccentricity scaling + Npart¥3 scaling
v/n_vs.m_-myn_x v l(n *e,,) vs. m_-my/n_ n
q T q g —par T q 113
‘ I vz"{"q*epar*upan} VS. mT-mu,Incl s
=ﬁ.2_ T 1 =
™t wooF =5
> L * 0-10% L * (0-10% =
0181 0-10 it X E14- * 0-10%
C * 10-20% EN: * 10-20% &
0.16F 0.8 P s 1020 %
r 20-30 % B 20-30 % =
0.141- 0.7F > | 20-30 %
. * 3040 % : ® 30.40% 0.1
0.12F 0.60 L * 30-40%
- 40-50 % : 40-50 % I
0.1 _ 0.5 0.08- 40-50 %
L * " C L
= ‘ - .
0.03_— * 0_4__ i L &
r s B . B 0.06—
L o * * o » - * r - s w
0.06[ s .t 0.3F . . C . 40
r se’e * . C * . : 2t 0.0aF ¥
0.04- vt _* . * 0.2 sttt * - v
* - = “r LB L
: '-,. .. C !AA. L HE
- wa - C ~
00z s, oa- o %% 0.0zm ¥
L & C &% L -
IIIIllllllIHllllllll”I|I|”|HII|””|IIII|I”I _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII l:
0 0102 03 04 05 06 0.7 08 09 1 0 0102 03 04 05 0.6 0.7 08 09 1 ,D_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
my-my/n, m-myn, 0 01 02 03 04 05 06 07 08 09 1

my-mg/n,

V,(Ker/ng)/ngleno /Ny M2 is consistent at 0-50% centralities.
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Universal Scaling

‘ v, l( Epar(Npan) *N1fn*"q) |

.--_E 0.2 L p: T
e g | 200GeV closed @ 0-10 %
.kz _ - 62.4GeV :opened @ 10-20 %
L[ i
b5 ot 20-30 % .
X [ i
=:r WK ® 30-40 %
';h A D+p 40-50 %
0.1— N
- x#ndf=81 |
i - 3
EH ;t)ﬂ | &
0.05 f:}ﬂ g"' j
B -Fl ti ida i .
i hﬁ‘lj?! Lé 1 1
nﬂ ] 11 | 11 11 | 11 11 | 11 11
0 0.5 1 1.5 2
Large symbol - AuAu (m_l_-mﬂ)lnq [GeVI/c]

Small

symbol - CuCu
2008/09/11

€ Different System (Au+Au, Cu+Cu)

€ Different Energy (200GeV - 62.4GeV)
€ Different Centrality (0-50%)

€ Different particles (n/ K /p)

~_~

VZ(KET /nq)

1/3
N, x&x N

< F

Universal Curve !l
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Conclusion

V, were measured at 4 systems.
(Au+Au, Cu+Cu) x (62.4GeV, 200GeV)

Same v,(p;) are obtained in different collision
energies (Vs = 62.4 - 200GeV)

V,(p7) of various hadron species are scaled by quark
number + K¢, scaling at these three systems. (no
results for Cu+Cu 62.4GeV )

V,(Npt) Scaled by participant Eccentricity are
consistent between Au+Au and Cu+Cu collisions

V,(Pr) /ey, are scaled by N3 .

V,(Ker/ng)nglen, /N3 has Universal Curve.

—>This indicates v, are determined by the initial geometrical
anisotropy and its time evolution effect depending on the
Initial volume.

2008/09/11 DIFFRACTION2008
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t. [fmic]

10 o

Calculation by simple expansion model

Assumption

T T T T T T
Au+Au \|5NN = 200 GeV
™ Adiabatic expansion

Chemical Freeze-out

I — fitting byt =a *N;?n by,

fitting byt =a *N;fﬂ b,

Freeze- out model (flnlte BT)
el TP, Freeze-out model {BT={))

Time until chemical freeze-out is proportional to N

2008/09/11

10

1/3
Npart

DIFFRACTIONZ2008

T [MeV]

to( Ho + .:3"{1‘-!:&}2}1;'3

T'(t) = To( (ot BrE)

tro = (\/ B3+ 48r KN, — Ro)/25;

800 T T T T
E | At at 5, = 200 GaV
oo | (1+1 expansion. &, used)
B =M= 353
EI:II.'I;_: <N, 254
| < > 181
500 | Npm
o -:NP__':: 83
L -:NF__':- 40

time [fm/c]

part
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Summary of v, production and development

collision Determl_nt_e initial _geometrlca_il |
eccentricity, g, with the participant.
ther_rr_lall Determine pressure gradient from e.
equilibrium
v, is expanding during finite time.
expanding Not depending on the kind of quarks.
: . v This finite time becomes longer with larger collision system,
hadronization and the v, increases proportionally.
radial flow depending on each
v mass expands.
freeze out 5
No change
Measurement

2008/09/11 DIFFRACTION2008
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Summary (1)

When the systems have same N, v, Is scaled by ¢ of paricipant geometry.

result v,,

eccentricity g,

same N

<

Voulen = Vopleg

part

S

eccentricity eg

result v,g

If v, only depends on eccentricity
of initial participant geometry, v./e
should be constant at any N,
but it is not.

result v,

same

Therefore, to explain v,, in
addition to the initial
geometrical eccentricity,
there are something

related to N,

.. result v,p
_~ eccentricity ~__
Voc # Vap
2008/09/11 DIFFRACTIONZ2008
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Summary (2)

With same eccentricity, v, is scaled by (number of participants)/s.

resultvae  same eccentricity

/

Voc # Vop

¥

V,c IN 3= v,/N

#of participant N, ¢ #of participant N

result v,

partC partD

partD

result v ¢ same N result v,e

/ part
E
Voe = Var
= 62GeV = 200GeV

2008/09/11

v, becomes consistent after
scaled by not only € but also
N__ 13

part

Is it because of thickness
increasing along beam axis then
energy per unit area increasing ?

V,(200GeV) = v,(62.4GeV)

This concludes that increasing
dN/dy doesn’t change v, at
RHIC energy.

It might be because that
number of participant to 1/3
(like length) is proportional to
the time period taken to
freeze out v, , and v, expands
proportional to that period.
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Back Up
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3 systemes comparison

* 1/3 *
Ny N0 |

—_02
(3] t 4
=3 200GeV closed @ 0-10 % |
-kz o 62.4GeV :opened @ 10-20 % b
[} 4
b5 ot 20-30 % -
* i
5:;- L 16 ® 30-40 % |
) Ap+p 40-50 % 1
01— -
I j
. e EH s)ﬂ 1: & ]
0.05 AT fe 1 ]
&i}t‘ t ' ]
l j
Iy ]
a' | I | | I | ‘ L1 1| | | I |
% 0.5 1 1.5
(mT-mD)."nﬂ| [GeVic]
Vol(SpulN ) NI *ng) |
0.1 5 =T 1 T 1 T Pa| T T T F,la T LB 1
v2Indf = 3963/491 = 8.1 ]
01— —

0.05

0.5 1 1.5 2
(m.r-mo)lnq [GeVic]

‘ ValleparlN__ ) *NI2 *ng) ’

(mT-mo)J'nc| [GeV/c]

ng|

VZI(Epar(N ) *N Iy “n

0.15

0.1

0 0.5 1

0.05

1/3 &
V./(epar(N *N™ *n
‘ 2 ( par( part) coII q)
T T T T T T
200GeV closed ® 0-10 % 7

62.4GeV:opened @ 10-20 %

| L e 20-30 % |
- Kt ® 30-40 % =
i Ap+p 40-50 % i

] ‘ I - | I | L1 1 1

1.5 2
(mT-mo)Inq [GeV/c]

Eccentricity of N, and N,/ looks best.

coll 0.1 . coII coII
T T T T T T T
200GeV closed @ 0-10 % 1 200GeV closed @ 0-10 % |
62.4GeV:opened @ 10-20 % i 62.4GeV :opened @ 10-20 % |
ot 20-30 % | B et 20-30 % i
P ® 3040% i 0.1~ W ® 30-40% .
4 p+p 40-50 % ] 4 p+p 40-50 % |
] i ] 0.05- El g -
g, d ] i ® _
== N _ L B4 i
=) ‘jiid %H ) g i . @ﬂ !)- 2 ik i
g 8 Y , _ 3 _
& : | i .
.|||||\|||\||\|||\|_ Dl\\||\|||||||\\\|||
0.5 1 1.5 2 (] 0.5 1 1.5 2
(mT-mD)Inc| [GeVic] (mT-mD)I'nq [GeVic]
1/3 4
‘v I(e (N )*N n
2 par
0.15 PR o
y2/ndf = 12089/491 = 24.6 1
0.1 -
Various scalings.
0.05 —
0 " L1 | 11 L1 | 11 11 ‘ 11 11
0 0.5 1 1.5 2
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Comparison of AuAu to CuCu

Cu+Cu and Au+Au, 200GeV, PID by EMC

Apply quark number + KET scaling, eccentricity scaling and Npartl/3 scaling.

113
vza'(nq*ep,,*Npm) vs. m -my/n, «

—0.15 —]| , |
Lag) T !
- @
=8 I o AuAuD-10%
=
*E < AuAu 10-20 %
(=
;” Auku 20-30 %
o
%0.1 O AuAu 30-40 % -
> AuAu 40-50 % |
L ¢
o
59 5 T
L R
0.05 _BBOE Y e
B L
==
e |
&
u 1 1 | | | | 1 1 | | 1 | 1 |
0 0.5 1 1.5

mT-mﬂ."nq [GeV/c]

2008/09/11

vol(n *ep,"N,.) vs. m -myin, K

—0.15 — : : |
of
o [ O CuCu0-10%
=
*E O CuCu 10-20 %
o
,}” CuCu 20-30 %
o
%0.1 — O CuCu30-40% .
- CuCu 40-50 %
Q ﬁ% & {:’
0.05- = 08 2 -
Y
N B
e
e o
G
LE,
,u 1 1 | 1 | | 1 1 1 | 1 | 1 |
0 0.5 1 1.5

mT-mufnq [GeV/c]

DIFFRACTIONZ2008

* PN LLE]
q Spar Npart‘):,

v,/(n

0.05—

0

13
vza'(nq*ep,,*ﬂpm) vs.m -my/n, p

-
e

=
|

g %

[ §1,1 M)

=8

==
=
S

0

§?|||||||||||||
0.5 1

15
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Energy dependence

>C\I [ "1 i ! L ]
0.1 In-plane .
- O ]
0.05- o - ~
- O vy a7 5 i
B FYy i
0

N 4 —  FOPI, charged ]
B A EB895, protons .
B Q ¥ EB877, charged .
-0.05[ ~ or CERES, charged
B 0 NAA49, pions i
: o B,
B _0Of- @ , charge |
0.1 Outof-plane R olaEAS  charged —

| L Ll | L L L I L L L L L

1 10

| ”1|02 |
\syy (GeV)

FOPI : Phys. Lett. B612, 713 (2005). EB895 : Phys. Rev. Lett. 83, 1295 (1999)
CERES : Nucl. Phys. A698, 253c (2002). NA49 : Phys. Rev. C68, 034903 (2003)
STAR : Nucl. Phys. A715, 45¢, (2003). PHENIX : Preliminary.

PHOBOS : nucl-ex/0610037 (2006)
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Quark number + K+ scaling (auau 200Gev)

| valn_ vs. mp-mg/n 010 % I | valn_ vs. mp-mg/n  10-20 % I | valn_ vs. mp-mg/n | 20-30 % I
0.2 0.2 0.2
gagl  AuAu 200GeV, n|<0.35 oqsf.  AuAu 200GeV, [n|<0.35 oqaf.  AuAu 200GeV, n]<0.35
CRT= Vi, 018 Vi, 016F Vi,
R 014 [ Rr=
oizf- oizf oiz2f-
o1 o1 oAl &
o8 008 e.o8f- .‘ﬁ- * #
E E oy i L & E b
.06 0.06 » ) .06 e
vosf ﬂﬂ. ot ' i ol P v.osf ,.;3‘
b e ub o ut
E e F [
ooz M- ooz 0.02 ';f
o lova b b bvaa b bova loaa bl b b b beaa bvaa b boaa bena baag pli by Loy by by b b bana bana laas
o
q) 0.2 04 0.6 0.8 1 1.2 14 16 1.8 2 0 0.2 04 06 08 1 1.2 14 16 18 2 0 0.2 04 06 0B 1 1.2 14 16 18 2
{m m, jin_ {m -m, jin_ {m -m, jin_
|v2.rnq\.rs. my-myin  30-40 % I |v2.rnq\.rs. my-myn  40-50 % I
0.2 0.2 -
o.1af— Auhu 200GeV, [n|<0.35 s _ AuAu 200GeV, [n|<0.35
osf i, L] i, . TE
o014 014
[RE]S 01z
(]S é (X1 [ ]
: - *s & 2 g +f & K
a.oaf - ool L e
oosf ‘}]’ 006 ! +
cos[ &F ooal ;
[ ey
a.02 o.02f;
gl by by bea bos byrs byaa byaa Ly L o:#‘lllll|||||||||||||||||||||||||||||||||
0 0.2 04 06 08B 1 12 14 16 1.8 2 0 0.2 04 06 08B 1 1.2 14 16 18 2
"mf'“ﬂ'hl “q "mr_'“ﬂ'hl “n

Quark number + K., scaling exists.
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Additional quark number + K., scaling (PbPb 17.2GeV)

v, of p, 1T, /A - C. Alt et al (NA49 collaboration) nucl-ex/0606026 submitted to PRL
v, of KO (preliminary) - G. Stefanek for NA49 collaboration (nucl-ex/0611003)

Pb+Pb at 158A GeV, NA49 Taken from A. Tranenko’s talk at QM 2006
0.2 .
s 6/ oy = 5.0-23.5% ;’i 0-1 6lG o7 = 5.0 - 23.5%
I NA49+D'°‘_TA 0.08- NA49DATA
| @ .=« .
0.15 0 ®
I * K°
A F | 0.06F 4o »p
0.1 | m A '
[ 0.04
0.05 | 4*& |
, : ! ‘ 0.02 R |
[ . . . , . | 1 | |
-0.05, 06 12 18 24 3 0-9% 0.3 0.6 09 1.2 1.5

KE (GeV) KE-/n (GeV)

- Quark number + K¢ scaling doesn’t seem to work out at SPS.
- No flow at partonic level due to nonexistence of QGP ?
- Errors are to big to conclude it.
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t,. [fmic]

T(t) = Tol

i, VS. N

tol o + ,&'tn)ﬂ]ua

t(Ro + frt)?

AR s, = 200 GaY
»  Adiabalic expanrsion

Chemical Fregze-out

7| ——— Freeze-oul made| {finite {1 )

......... — Freeze-oul madal 1|51=ﬂj-

P ST AR TN A AN I A AN AR I

%% o0

2008/09/11

Flpig gt Lepy Gl gy Lt eyl 4 pmgpd
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Noart
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Lo

= (\/R3 + 4K N, — Ro)/2Br

T [MeV]

T [MeV]

| e e

AusAlfs, EE00 G
- Kinetic Freeze-out

hgemiical Free
reeze-out model {finlbe [_)

Freswa-oul model {fi_=0}

Lo bbb b bl
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Noart

Aurktu ak s = 200 GaV

(1+1 expansion, &, used)
<M, > 353

u:Nnm:- 254

<M > 181

<N,.> &3

3 -:Nm“:b 40
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5.9- I PHENIX PRELIMINARY i
8 15 L o Integrated R 200 GeV B
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N~ _; \ .
o0 | :
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- !
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n - @ i.
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ol v 0y
100 200

Comparison between Au+Au and Cu+Cu

Both behave €S at mid central.

550011
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T T T T | T T T
PHENIX preliminary

Aut+Au 30-40 % Np=114.2

Cu+Cu 0-10 % Np=98.2 |




pat
o
o

Additional N, scaling

Au+Au 200GeV =

At high p; (> 6GeV/c), scaling *é

might work out but errors are S

too large to conclude. §

Q.

o

“need to analyze the data with 3

higher statistics. (ex.Run7) <

d+Au, Au+Au atvs,, = 200 GeV E Y PHENIX PRELIMINARY
=1 ik ' ; ' ; 8 1.5 L o Integrated R, = 200 GeV ;
[ :ziz:?:;dp:::'dsruns 1 o IntegratedFl EB'U GeV :
15 + . N~ '|'_Jc !
W RIS
1B AU L { 1 Ei.,ﬁ N
; i\" ‘} foa J "
| ©Qs inum%t:r;lé".’f}: ‘EI 0 100 200 zﬁu'

) [ S PP BN S E-— part

0 2 4 6 8

1
mﬂ Pr (GEV"C)

*PRL 91 072303 (2003)

Raa —Yield normalized by p+p superposition. 3
It would be 1 without suppression.

1/3
v,l( Epal’*Nparl)

0_3 T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
- PHENIX PRELIMINARY Au+Au SNN= 200 GeV
i IT]I<035 systematic errors ~ 10%
0-10%
*© 10-20% t0a0%
0.2— 20-30% o 40-50% m
. ;
0.1 i } ‘ -
. 3 $
!:
!I
| 1 ‘ | ‘ ‘ 1 ‘ |
% 2 4 6 8 10
P, [GeVic]

By spectra analysis, the
strength of the suppression
seems to be consistent at same
N, It doesn’t depend on the
nucleus species of collision
system (Au+Au, Cu+Cu).

2Raa can be scaled by N, .
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PHENIX High Resolution TOF

Time o fFIghi[ ]

<PHENIX detectors>

PHENIX Detector
_FC3 Pe3,
. 4

EMCAL
for Particle

Identification
resolution=380ps

TOF for
Particle

Identification
resolution=120ps

Ceniral
Mapgnet

West Beam View East

<PID by TOF measurement>

Using TOF or EMC with BBC, the
flight time of the particles is
obtained. Mass of the particle is
calculated by the flight time and the
momentum measured by DC.

%6 T A res G = 200 A GoY AnaIySiS Tg:PHENIXEIec_Fromagneticca__lfr_imeter\f;=2006e\l
| S <Data set for this analysis>

T o - Au+Au Cu+Cu collision

" A8~ B > takenin2003-2005 at RHIC-PHENIX ¥4 1
+ Collision energy 200, 62.4 GeV/2 e g e ieon
I R W nucleons

DC + PC1
for good track
selection and to

determine p

BBC

to determine

reaction plane
and vertex

Central Magnet

: "ﬂl TN
-m—'ui»-
o DY\ N

ZDC No
MulD

ZDC South
-

iz

Side View

<Reaction Plane determination>

The reaction plane is obtained by
measurement of the anisotropic
distribution for the produced particles
with north and south BBCs located,gt

In| ~



Resolution Calculation of Reaction Plane

resolution =< cos[ 2(¥

measured

YA,B : reaction plane determined for each sub sample.

- Wie )] >~ \/< cos[2(W, - ¥5)] >

\ resolution vs centrality |
0.5 B T T T T T T T T T T T ]
B ® AuAu 200GeV
0.4— P - L SN S * AuAu 62.4GeV |
- ¢ * CuCu 62.4GeV -
V measured 0.3 :_. __________________________________________________________________________ @ _:
real - -
V 5 — 2 0.2 [ O -
resolution - UL 5
0. I ]
L ® ® » . : bt |
- et ]
00 | 1 zo | 1 | 40 1 | 60 | | 80 1 | | 100
centrality [%]
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