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* Our current understanding of the observables
used to estimate anisotropic flow

* Comparing elliptic flow measurements with
theory

* Outlook for elliptic flow at the LHC for pp
and AA
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Elliptic Flow

J.Y. Ollitrault, PRD 46, 229 (1992) 2 2
| - | _ -2 _

® in non central collisions coordinate E = 5 5 Vo — <COS 2¢>
space configuration is anisotropic <y + >

(almond shape). However; initial

momentum distribution isotropic P

(spherically symmetric) 4

® interactions among constituents
generate a pressure gradient which
transforms the initial coordinate space
anisotropy into the observed
momentum space anisotropy —
anisotropic flow

Time
Time

® self-quenching — sensitive to early I )’A P),
stage /7 N
® a unique hadronic probe XK —’P
" N 7 - X
of the early stage | |
N y
3
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Anisotropic Flow

Azimuthal distributions of particles measured
with respect to the reaction plane (spanned

by impact parameter vector and beam axis)
are not isotropic.

d°N 1 d°N

— 1+ ) 2v,cos(n(¢p—Y
d°p 27 prdprdy ,Z‘l (0 = Fre))

v, = (cosn(¢—Frp))

harmonics vn quantify anisotropic flow

S.Voloshin and Y. Zhang (1996)
4
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Event Plane Method

the event plane is an experimental estimate of the reaction plane
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resolution and subevents

® due to the finite number of detected particles there
is a limited resolution in the event plane angle

v = (cosn (¢ — W)

obs

Un

(cosn (WEP — Wg))

Unp —

® one can correct for that with subevents

(cosn (U5 —WR)) =C x \/<cosn(\11,j‘; — o))
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measure anisotropic flow

® since reaction plane cannot be measured event-by-event,
consider quantities which do not depend on it’'s orientation:
multi-particle azimuthal correlations

<6¢n(¢1—¢2)> _ <€i7;q51> <6—i?;¢2> 1 <€m(¢1_¢2)>

zero for symmetric detector when averaged over many events

COrr

<<6in(¢1—¢2)>> _ <<€m(</§1—\IfR—(¢2—\IfR))>>
= (eI (emin(emm))

= (v3)

® assuming that only correlations with the reaction plane are
present

Wednesday, January 20, 2010



Elliptic Flow at RHIC

Aoqi Feng

STAR Phys. Rev. Lett. 86, 402-407 (2001)

4 )
|deal hydro gets the magnitude for more central collisions

Hadron cascade calculations are factors 2-3 off
\ y,

8

Wednesday, January 20, 2010



What about nonflow?

® when dominated by flow
the event plane resolution
scales with M!"2 x v, (when
not too close to |)

A
=
>
Z
=,
N
o
&
Y

® gives very characteristic
dependence on centrality

® nonflow will scale very

different: the red line was 01 02 03 04 05 06 07 08 09 1
first STAR estimate of N/ Mmax
nonflow

STAR, PRL 86, (2001) 402, Nucl. Phys. A698 (2002) 193

( ° . . . \
Estimate is not well defined, requires assumptions on the nature
of the nonflow.

(How to estimate nonflow as function of transverse momentum?,

9
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Can we do better?

® build cumulants using multi-particle correlations
Borghini, Dinh and Ollitrault (2001)

® for detectors with uniform acceptance 2" and 4
cumulant are given by:

P <<ei”(¢1_¢2)>> =v:+ &

e {4} <<ei”(¢1+¢2—¢3—¢4) >> 5 << Jin(91-92) >>2

vfl + 4\%52 - 2522 — 2(v,% + 52)2 +04
—Vi oy

4 . . . A
we got rid of two particle nonflow correlations!

 we can remove nonflow order by order )

10
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Are we doing better?

P2 P3x A P4

SH~1/M, S~1/M

® therefore to reliably measure flow: for M=200
VS 1/M = vy> 1 /MY2 0 >>007
Vfl > 1/1\43 —= Vv, > 1/M3/4 >> 0019

® for LeeYang Zeroes:

v, > 1/M >> 0.005
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First cumulant results
v2{2} v2{4}

02 03 04 05 06 0.7 08 0.9

n_./n

ch max

STAR, PRC (nucl-ex/0206001)

observed “nonflow” corrections are significant

corrections larger than earlier estimates

12
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First Surprises/Questions

ratio of va{4}/v2{2} as function of p: is rather flat!

Figure 18 presents the p;-dependence of the correction
factor for non-flow. Within errors, the relative non-flow
effect is seen to be about the same or increasing very
weakly from low p; through p; ~ 4 GeV/c — a some-
what surprising result, given the presumption that the
processes responsible for non-flow are different at low
and high p;.

(9]
>
-
o
@)
e
©
p S

V. ELLIPTIC FLOW FLUCTUATIONS

High precision results presented in this publication be-
come sensitive to another effect usually neglected in flow
analysis, namely, event-by-event flow fluctuations. The
latter can have two different origins: “real” flow fluc-
tuations — fluctuations at fixed impact parameter and
fixed multiplicity (see, for example [40]) — and impact
parameter variations among events from the same cen-
trality bin in a case where flow does not fluctuate at
fixed impact parameter. These effects, in principle, are
present in any kind of analysis, including the “standard”
one based on pair correlations.

STAR, PRC (nucl-ex/0206001|
corrections for “trivial” fluctuations were applied
for integrated flow (both v2{2} and v,{4})

13
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v> fluctuations

>
=
O
=
i)
c
Q
(&)
o
(]

® measured: v2{2} = /((v2)2 + 02 + )
® using: vy X €

® |f the eccentricity fluctuates
(%) — ()™ # 0
(v2) # V/{(v2)?)

® fluctuations change v, estimate
significantly!

S
%

eccentricity
=]
>

=
~

S
o

14 16 18
Impact parameter (b)

M. Miller and RS, arXiv:nucl-ex/0312008
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v> fluctuations

Eccentricity fluctuations and its possible effect on elliptic flow measurements

1 o2

21 = S

1 o2

41 = —

v STAR 200 GeV: w{4}/v,{2} 1 62
«  STAR 130 GeV: v,{4}/v,{2} {6} = (v)— > —*
Nucleon MCG: €,{4)/E,{2} (v)
Quark MCG: &,{4)/E,{2} 1 62
= ———

W8} = ()57

30 40 50 60 70 80 90 100
cross section [ % |

M. Miller and RS, arXiv:nucl-ex/0312008
r N

eccentricity fluctuations explains much of the
observed differences in the cumulants!




Fluctuations and Planes

® RP the reaction plane, y’s ¥4
defined by the impact B B
parameter Lo T Wy
/O O N :‘\‘\___..v .
® PP the participant plane, ,"'08‘-.‘%6‘ .................. X
defined by the major ---':\“‘Dc'; "o‘ | ; »‘PRP
axis of the created .. s OOOI ) X
system R S

N\ . Ve
~ .

. -
—————

PHOBOS QM2005: Nucl. Phys. A774: 523 (2006)

4 )
fluctuations in the eccentricity change the
angle of the symmetry plane




PHOBOS CuCu results

PHOBOS QM?2005: Nucl.
Phys.A774:523 (2006)

correcting the
eccentricity
for the
fluctuations
restores the
scaling
between

CuCu and
AuAu
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Monte Carlo Glauber Model
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v2, nonflow and fluctuations

Vo —e 1/2
vo{2 —o— UrQMD(2.2) Au+Au s"2=200AGeV
V{4} —e—
Vo{6} —B8—

® two-particle correlation methods
(v2{EP}, v2{2}) measure flow in
participant plane (+ nonflow)

® multi-particle methods (v2{4} and

higher, v2{LYZ}) and methods using
the directed flow of the spectators o 0

. % Most Centra
(ZDC) measure flow in the
reaction plane and in addition UQMD(2.2)

Au+Au s'?=200AGeV (20-30%)

remove the nonflow

o
Q)
v
£
n
o
2
Tt
©
o
©
Y
o
N
Y
>

R.S. Bhalerao , J-Y. Ollitrault
Phys.Lett.B641:260-264,2006
S.A.Voloshin, A.M. Poskanzer, A. Tang, G.Wang
Phys.Lett.B659:537-541,2008

(S002)LL6¥90:22.D°AdY SAyd “19)90)S *H “IBYIRIY ‘N ‘NYZ X
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Summary Observables

® TJo compare to theory apples to
apples comparisons need to be
made

® particular if we want to do
better than 20% (e.g. to % Most Central
constrain viscous corrections)

0
0 10 20 30 40 50 60 70 80

® |deally calculate the observables
v2{2}, va{4}, v2{LYZ} directly in the
model | ¢

v v2EtaSub_PP
A Vv22_PP

® Vv2LYZ_PP

0
0 10 20 30 40 50 60 70 80
% Most Central
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Compare to Theory

Aoqi Feng

STAR Phys. Rev. Lett. 86, 402-407 (2001)

4 )
|deal hydro gets the magnitude for more central collisions

Hadron cascade calculations are factors 2-3 off
\ y,

20
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Beyond ldeal Hydro

NA49: C. Alt et al., Phys. Rev. C68, 034903 (2003)

for ideal hydrodynamics:
U2

2}

€

in the Low Density Limit (LDL):

— E,/A=11.8 GeV, E877

0007°606#50°79D 42y SAYJ ‘ZUIdF]

M) YUDAYJI0S [ ‘GIOY o d WO sjrul] O4pAE]

(%) 1 dN ] i @ E_/A=40 GeV, NA49

— X 0O ;- — @— E_/A=158 GeV, NA49

€ S dy - -L —f=— \[5,,=130 GeV, STAR
H. Heiselberg and A. M. Levy, — e \[5,,=200 GeV, STAR Prelim.
Phys. Rev. C 59, 2716 (1999) v -

S. A. Voloshi d A. M. Poskanzer,

Phys. Loect)ts Bn4a72, 27 (2008)8 . (1/5) dN_, /dy
= . . . A
This figure is not understood in ideal hydrodynamics!
viscous corrections needed: parton cascade, viscous hydro,
hadron cascade ...... hybrid models do get the dN/dy dependence,

pA
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Beyond Ideal Hydro

PHOBOS, WV.Busza

PbPb Extrapolated to 5.5TeV
(40% Most Central)

in the Low Density Limit (LDL):

' 19.6 GeV
U2 1 dN 62.4 GeV
— X O
€ S dy _ 130.0 GeV

H. Heiselberg and A. M. Levy, 200.0 GeV

Phys. Rev. C 59, 2716 (1999)

Not only the energy dependence but also rapidity dependence )
seems to scale with dN/dy
Jn hybrid models tuning of initial conditions required )

22
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(1/27)d°N/dp-dy

p PHENIX \|s\,=200 GeV, minBias
p STAR\|sy\=200 GeV, minBias
p QGP EOS+RQMD, Teaney et al.

———— p QGP EOS +PCE, Hirano et al.

p QGP EOS +PCE, Kolb et al.

p QGP EOS, Huovinen et al.

p RG+mixed EOS, Teaney et al.
p RG EOS, Huovinen et al.

2 2.5
pr (Gev/c)

p PHENIX \s,=200 GeV, 0-5%

p QGP EOS+RQMD, Teaney et al.
(pbar/0.75) QGP EOS +PCE, Hirano et al.
(pbar/0.75) QGP EOS +PCE, Kolb et al.

p QGP EOS, Huovinen et al.

p RG+mixed EOS, Teaney et al.

p RG EQOS, Huovinen et al.

3 3.5
p; (Gev/c)

spectra and v2

7t PHENIX \[sy=200 GeV, minBias
7 STAR \s\=200 GeV, minBias
7 QGP EOS+RQMD, Teaney et al.

——— n QGP EOS +PCE, Hirano et al.

7 QGP EOS +PCE, Kolb et al.

7 QGP EOS, Huovinen et al.

nt RG+mixed EOS, Teaney et al.
7 RG EOS, Huovinen et al.

2 25
pr (Gev/c)

nt, PHENIX sqrt(s)=200, 0-5%

7 QGP EOS+RQMD, Teaney et al.
m QGP EOS +PCE, Hirano et al.

m QGP EOS +PCE, Kolb et al.

7 QGP EOS, Huovinen et al.

n RG+mixed EOS, Teaney et al.

7wt RG EOS, Huovinen et al.

3.5
p; (Gev/c)

Jadedaaym “XINIH

-

\_

The best simultaneous description of the spectra and
v2 is obtained by the hybrid models

~N

J

23
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v2 mass dependence

What happens when a particle freezes-out early?

Fits from STAR Phys. Rev. Lett. 87, 182301 (2001)

centrality: 0-80 % centrality: 0-80%

A ) ot + T T =100 MeV, B, = 0.54c, B,= 0.04c and s, = 0.04
e T+ T 0
Ks

0
- Ky pP+p

Common freeze-out curves

"p+p A+A
A+ A _ Cascade

.

5 o

R
K
e
.
W
Il““
"

' "

0O 02 04 06 08 1 12 14 16 18 2
p, [GeV/c]

Look for the breaking of the mass scaling

24
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v2 mass dependence

What happens when a particle freezes-out early?
T. Hirano et al, arXiv:0710.5795

0.2 04 0.6 08 1 1.2 1.4 1.6 1.8 2 0.2 04 0.6 08 1 1.2 1.4 1.6 1.8 2 02 04 06 08 1 1.2 1.4 1.6 1.8 2
p, (GeV/c) p, (GeV/c) p, (GeV/c)

Hydro until T Hybrid Hydro until Ty
" Also in more complete model calculations )
breaking of the mass scaling
_ So far not observed in the data )

25
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Comparing Theory and Data

hydro+cascade, CGC

hydro+cascade, Glauber

hybrid models (ideal hydro + hadron
| cascade) do after some tuning a fair
PHOBOS((hit)
PHOBOS(track)

job but leave some puzzles

e we have learned that some that
Ny some contributions are more
0 50 100 150 200 250 300 350 400 important than previously thought
part

T. Hirano et al., Phys. Lett. B 636 299 (2006) * ¢ fluctuations and | € |

T. Hirano et al., J.Phys.G34:S879-882,2007
- =10 e more realistic EoS
g — =1 m/s=0.08
- * n/s

| om0 e core/corona

* requires a new round of hybrid
model calculations

Matthew Luzum, Paul Romatschke arXiv:0804.4015 pI
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22

Viscous Hydro Glauber

@ STAR non-flow corrected (est.)
| /s =107
s;' Y\/S = 008 — 1]/820.08

T\/S=0"6

RHIC Glauber

~
>
o
~
Q)
>
U
~
>
)
~
o
o
1
-

PHOBOS/Glauber ——e—

0 10 20 30 40 50 60
(1/S g erta) (AN /A Y ) [fm ]

overlap

Matthew Luzum and Paul Romatschke; arXiv: .
0901.4588 [nucl-th] Matthew Luzum, Paul Romatschke arXiv:0804.4015

Viscous hydro calculations using ~ soft EoS and Glauber € )
do not describe the measured centrality dependence with
a single N/s (N/s varies between 0 and 2/4TT)!

27
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22

Viscous Hydro CGC

[\°]
9

v, (percent)

o

ko
®
S

7
7

/7 o®
- @®

09090e% o0
boco"'.. ® %

_
>
O
~
(@\
>
&
~0.15
D)
~
=¥
O
"
-)

)
—

/..',6
PHOBOS/CGC +—&— 3

CGC initial conditions

30 40 50 60 70 80

(1/Sy yeriar) (AN /A Y ) [fm™]

overlap

Matthew Luzum and Paul Romatschke; arXiv: Matthew Luzum, Paul Romatschke arXiv:0804.4015
0901.4588 [nucl-th]

— =— | n/s=0.08

"4 /5=0.16
RHIC CGC 7 o0 e

Viscous hydro calculations using ~ soft EoS and CGC €
describe the centrality dependence and p: dependence

using N/s = 2/41T (doing to well?)

\_

~N

J

28
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Luzum%2C%20Matthew%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Romatschke%2C%20Paul%22

From LDL to viscous Hydro

U 2 h ' Au-Au —=—

Cu-Cu —8—
fit 0=5.5 mb

9 B 1+ 1.4Kn

R.S. Bhalerao, J-P. Blaizot,
N. Borghini and J-Y. Ollitrault;
Phys. Lett. B 627:49-54, 2005

va/e= h/(1+1.4Kn)

h: hydro limit

Knudsen number: Kn = A/R

The number of collisions per particle:

06 08 1
-1
1/Kn =(0/S)(dN/dy)cs (1/S)(dN/dy)[mb ']

0 = partonic cross section

: H-J. Drescher, A. Dumitru, C. Gombeaud and
Cs = sound velocity

J-Y. Ollitrault; Phys.Rev.C76:024905,2007.

" PHOBOS v2 data, eccentricity € is “corrected” for fluctuations
data reaches 70% of ideal hydro limit and can be describes using CGC &

with soft EoS (ideal hydro v2/€ ~ 0.22) or Glauber € with hard EoS (ideal
_hydro v2/e ~ 0.3)

J

29
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can we get a consistent picture from
calculations of different theorists!? ©

< I TS D

o N
slightly ey S
. b S S 8
different [ “Sest
EoS - T3%ag
. s ici
different S TELE
- I /s = 0.16 S 3L
codes o B /s = 0.08 ExT3
diff o B s = 10 s &
Irrerent 5 = Song (EoS L) ég
@ Huovinen (Ideal Hyd =
freeze-out = o [uovinen (Ideal Hydro) S

. — fi

different € _ y 2
etc 80 100 120 8

1/S dN/dy
very small I/S dN/dy finite lifetime effects are important (freeze-out ~ 100 MeV)!

yes we can!
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Viscous Hydro and Data

2

compare directly to
viscous hydro
calculations.

STAR data well
described using a

CGC & with soft EoS
and n/s ~ 2/41T or B /s = 0.08 (Luzum)
Glauber € with hard 21 T B s = 10* (Luzum)
EoS and n/s ~ 4 x —

| /47T 80 100 120
N y 1/S dN/dy

* STAR CGCe

w  STAR Glauber ¢
I /s = 0.16 (Luzum)

_—
w
<
2
—
Ig
—
o
L S
©
>
-
Y-
@)
c
@)
l;
(&)
©
S
LL

" estimates of n/s are < 4x the conjectured lower bound from
 AdS/CFT for a significant fraction of the lifetime of the system

31
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Flow at the LHC

Au+Au Charged, b=6.3fm PbPb Extrapolated to 5.5TeV,
—=— CGC+hydro, T"=100MeV (40% Most Central)
—4&— CGC+hydro, T"=169MeV

e  CGC+hydro+cascade

19.6 GeV
62.4 GeV
130.0 GeV

200.0 GeV

-

.
most models predict larger flow, largest

values based on “scaling”

32
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Flow at the LHC

E. Simili, Thesis Utrecht (2008)

hydro2:
Glauber &,
hard EoS

hydro:
Glauber &,
soft EoS

% 200 400 600 800 100012001400 1600 180 2000
dN_ /dn

4 )

can easily differentiate between LDL and
soft EoS + Glauber €

\_ J
33
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Flow in pp at the LHC

J. Casalderrey-Solana and U.Wiedemann: arXiv:0911.4400

Central A—A Central p-p Collision

~N

g
due to fluctuations large eccentricity in pp
might allow for v2 measurement in central pp
J

-

34
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Conclusions

New state of matter more remarkable than predicted -- raising many new questions
April 18, 2005

* The observables have been much better understood
e elliptic flow, nonflow and fluctuations contributions are rather well constrained

® non ideal hydro contributions are important
® important question is what contribution the hadronic stage gives (P, =, ()

® initial conditions (e.g. &, initial flow fields) not sufficiently constrained!

® estimates of IN/s < 4x the conjectured lower bound from AdS/CFT for a significant
part of the system evolution

® v at the LHC immediately will put strong constraints on these uncertainties

® correlations with the reaction plane is a much broader topic and can be fully
exploited at the LHC

35
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Thanks!
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Transverse Momentum?

(®)
. . 77 D 51.6 Hydrodynamics Au+Au 200 GeV

viscous corrections —/(RT) |G 0% - 10%
S =~ 50% - 60%
EI;1_4 — 10% - 20% O 40% - 50%
>N — 5% -10% / A 30% - 40%
D.Teaney PRC68 034913 (2003) , 20% - 30%
1.2 ° 10% - 20%
* 5% -10%

1

* |n the data the peak position 0.8

is also shifting as function of

. . 0.6
centrality — just R?

SISO} QU JOUNIN ‘Ted Sunng

e caveat: magnitude hard
contribution at higher p;

[Use shift of peak to determine r]/sj

37
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B sensitive to n/s!?

v, |
S S E ag
1+B/| —| IS 23
E 55
— S
o o T 3
® parameterization -é S o
/s =0.16 (L Y
works well! T = 2 /: 008 ELEEE; £ 3
© L S
: e 0.4 B v/s = 10" (Luzum) -
* found his the 2 f: A Tdeal Hydro (Huovinen) g
same for all § F O open symbols Glauber ¢ é@
curves (|dea| LL . Ii’ o ;:il:)sed symbols CGC ¢ %
[ =
hydro v2/€) ; 8
80 100 120
h=0.20 £ 0.02 1/S dN/dy

( B scales with n/s)

38
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An upper limit for n/s

Describing the data with
ideal hydro + cascade the
centrality dependence of
v2/€ is due to cutting of
the ideal hydro phase at
Tc (the flow is not
developed completely, just
a lifetime effect!)

not sensitivite to N/s in
the hydro phase, estimate
is only upper limit

Wednesday, January 20, 2010

KLN, Au+Au

——— KLN, Cu+Cu
—_—

KLN Au+Au, atT

" KLN, Cu+Cu, atT
KLN, Au+Au, T =100MeV
KLN, Cu+Cu, T-100MeV

“hydro.limit”

% 5 10 15 20 25 30 35 40 45 50
(1/S)dN/dn (fm™)

Hirano QM2009
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Knudsen Parameterization

vo/e= h/(1+1.4Kn)

STAR Au+Au 200 GeV

%  Glauber ¢ STAR
* CGCce

30 40 50 60 70 50 60
1/S dN/dy 1/S dN/dy
4 N\ ([ )
STAR v2{4} data, eccentricity € needs no — lower n/s ~ 2/4TT
correction for fluctuations Glauber € — |a|~ger r]/s ~ | /1T
— softer EoS ~ Lattice data reaches ~60-80% of ideal

| Glauber € = harder EoS ~ ideal gas, hydro limit

\_

I . d . H-J. Drescher, A. Dumitru, C. Gombeaud and
SaME CONCIUSIONS Arawn IN. .y ouitrault; Phys.Rev.C76:024905, 2007

40
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Viscous Corrections

-

viscous corrections to ideal hydro: & _
h _
h, & e 1+14Kn
> R.S. Bhalerao, J-P. Blaizot,
proportional to Kn or L N. Borghini and J-Y. Ollitrault;
Re Phys. Lett. B 627:49-54, 2005
. J
* density p(T) goes like (dN/dy)/TS 1 R Rsr(6) RS dN
* strength vz defined at T=R/c; (at Kkn | 1S dy
approximate constant density and R /c
mean free path versus centrality!) (v2) S
* n/s constant — centrality dependence | _ .S dN
controlled by system size R R\

4 )

Centrality dependence of vy/€ gives acces to
.ideal hydro limit v2/€ (h) related to EoS and n/s!
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is the B parameter only sensitive to I/s!?
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Unfortunately (fortunately?), EoS does not completely

factor out of the B parameter — constrain EoS with
additional observables (e.g. p: spectra)
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Uncertainties in the EoS

from Pasi Huovinen
(arXiv:nucl-th/

0505036) Nucl. Phys.

A761:296,2005 we

know it matters,
particularly at RHIC
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