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@ attempt of CERES to extract n/s from R, (k,)
@ problems with this approach
@ other approaches?

prerequisites: R, Rgiges Riong: N/S; Vo M,
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Viscosity in nuclear collisions — what to expect

T/Tr
- T. Schaefer, arXiv:09065399
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@ n/s reaches minimum near the critical point
@ at the critical point it diverges
@ high viscosity at low energies
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Viscosity in nuclear collisions - observables

finite viscosity reduces velocity gradients

g

less in-plane, more out-of-plane expansion
@ reduced v,

less longitudinal, more transverse expansion
@ narrower dN/dy distributions

@ harder p, spectra

@ reduced R,

@ reduced R,
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@ PRL 99 (2007) 172301
@ PRC 78 (2008) 034915
@ PRL 98 (2007) 092301
@ PRC 76 (2007) 024905
@ arXiv:0901.0460

n/s

0.03, 0.08
0.10 £ 0.13
0.1

0.19, 0.11
0.15+0.6

result close to the lower limit of n/s = 0.08
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Viscosity via v,

Luzum and Romatschke, PRC 79, 039903 (2009)

Glauber CGC ,
N/s=10
23 * T ; - - ' 25 " r
© STAR non-flow corrected (¢st.) i ‘ = STA];';. r ll'recﬁ( = '
o . - non-flow corrected (est). e

" e STAR event-plane e STAR event-plane 1/s=0.08
215
o
2 ]
‘;;, 10 N/s=0.16

result depends on the assumed initial conditions
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Viscosity in nuclear collisions - observables

finite viscosity reduces velocity gradients

e

less in-plane, more out-of-plane expansion
@ reduced v,

less longitudinal, more transverse expansion
@ narrower dN/dy distributions
@ harder p, spectra
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Riong PasICS

Makhlin-Sinyukov Herrmann-Bertsch
T T K,(m,/T)
Rlong = Teal—— RIong = Ty K T
m, m, 1(mt )

T ~ inverse of the longitudinal Hubble constant
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How finite viscosity affects R,

enhanced transverse expansion

Ve

reduced lifetime

¢

reduced longitudinal length at freeze-out

~

smaller Ryynq
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How finite viscosity affects R,

enhanced transverse expansion

Ve

reduced lifetime

g

-Led-u-eed-l-e-n-g-i-t-u-d-i-n-a-l-l-en-?-t-h-at freeze-out
larger Hubble constan

~

smaller Ryynq
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Effect of viscosity on R4

viscous correction, D. Teaney, PRC 68, 034913 (2003)

|
55% =—EEXK3(X)—XZL(K3(X)—1H, rssg
(RL)(D) T4 Kz(X) 8 Kz()() S
x=\m*+ KT

Viscosity and HBT, D. Miskowiec, WPCF2009, 15-Oct-2009 11



Viscosity via R, — fit to CERES data

1':'IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

£ « CERES Pb+Au at 158A GeVic
EE‘ 9N — fit with fixed 1/s=0 (HB) - .- --. 5. T1=6.3fm
of o ----fitwithfreenss ... ... ;=6.5fm n/s=0.02
- . L fit with fixed 1/s=0.2 PR EEE T, = 8.0 fm
T .
6F 3 T=120 MeV (fixed)
sk s
43— _ fit function:
. 1 Herrmann-Bertsch with viscous correction
3 - —]
: | ORL _ T[6xKs(n) 1Ky 1)
2;_ _; (R%)(D) B 7|4 Kz(X) 8 KZ(X)
1 -
00040203 04 05 08 07 08 result: n/s below 0.1
k, (Gevic) (recall lower bound 0.08)
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Viscosity via R, — fit to CERES data

T L e o L B R L L B R
= * CERES Pb+Au at 158A GeVic J
u-_vg g:— — fit with fixed n/s=0  ...... e T, = 8.5 fm
Co ----fit with free /s i =9.9fm  n/s =0.42
8% . ~ _
- xﬂ-.i ....... fit with fixed nfﬂ:D_E REREER OO Tf - 9.2 fm
TE N —
61 4 T =120 MeV (fixed)
SE 3
:
: . fit function:
3 E = Makhlin-Sinyukov with appr. visc. cor.
oF E T 19T,
| | (R 04 R Tg,( §
1+ = my 16 7,
{]:....I....I....I....I....I....I....I....:
0 01 02 03 04 05 06 07 08 :
k (GeVvic) very different result,

beware!
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Viscosity via R, — fit to CERES data

Ty 1(];' LI SR I I I I I ] E{],E: | | | | | | | =
E 9F 4 7 o4f =
- 8E = 0.3F =
7E = 0.2 =

oif 188 ¢ ; 1 g 3 3

sE i 3 ﬂﬂﬁ _________________ . E

4F ERRL S $ E

3F 4  -02F 3

2F = 03E =

= o CERES Pb+Auat 158AGeV - 0-3E E
I« 'CERESPb+Auat 158AGeV 3  -0.4F =

N I B B B I B B E N T
™5 M0 15 20 25 30 35 40  O%TTTETTTIOTIS 20 25 30 35 40
centrality (%) centrality (%)

n/s is small for both charges and all centralities
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Viscosity via R, — fit to NA49, CERES, STAR data

CERES Collaboration, arXiv:0907.2799

EI-. 1{]5 T T 3 E {]5: L ﬂ:
E of ERRRE S >
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: | : S R #
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3F 3 -02F
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= = = 1 &
1E 1 -04p
'D: e — —— _'15:......| .
10 10° 10
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n/s is small for all energies
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Pb+Pb 0-7% n” NA48S =
Pb+Au 2.5-5% " CERES S
Pb+Au 2.5-5% " CERES3
Au+hAu 0-5% n” STAR
Au+hu 0-5% =" STAR
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Viscosity low at all energies? Why not!

N. Auerbach and S. Shlomo
“The n/s ratio in finite nuclei”
arXiv:0908.4441v1 [nucl-th], 31-Aug-2009

@ giant resonance width 2> n=05-25x%x 102 MeV fm3s
@ fission 2> n=0.9-19x 102 MeV fm3s
@ Fermi gas of nucleons in Woods-Saxon well 2 s

- n/s ~ 0.3-1.5 for large nuclei
n/s ~ 0.2-1.0 for small nuclei
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However, serious problems in our analysis:

neglected transverse expansion

Teaney’s formula accounts for the modified distribution
at freeze-out but not for flow! (M. Lisa, U. Heinz)

@ even the freeze-out part is not clear:

- Bozek/Wyskiel see no effect on HBT radii when using
the same method with n/s=0.16

- Song/Heinz get opposite modification of p, spectra

@ last but not least:
my mistake when interpreting STAR data (m,vs k,)
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mistake when interpreting STAR data (m, vs k)

STAR points misplaced
LA L B B L B L B
# STAR Au+Au atys=200 GeV/c E
< CERES Pb+Au at 158A GeVic

— Herrmann-Bertsch

[#3]
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII TTTIT

00040203 04 05 06 07 08
k, (GeV/c)
T K,(m, /T)
RIong —
m, Ky(m,/T)
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STAR points placed correctly

.-I—i-\.1ﬂl IIIIIIII IIIIIIIIIIIIIII II

# STAR Au+Au atys=200 GeVic
< CERES Pb+Au at 158A Ge\f/c
— Herrmann-Bertsch

(4]
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII TTTIT

AP AT IS ETET AT B ATEE T BT A SR A T BT
0 01 02 03 04 05 06 07 08

0 IR
k, (GeVic)

no room for viscosity, even the
pure Herrmann-Bertsch curve
IS steeper than the data
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mistake when interpreting STAR data (m, vs k)

STAR points misplaced STAR points placed correctly
e L L L L L L R L B e L L L L L L R L B
E E # STAR Au+Au atys=200 GEW:::E E E #« STAR Au+Au atys=200 GEW:::E
n;"g 9:_ < CERES Pb+Au at1EBAGEWc:_: n;"g 9:_ o CERES Pb+Au at1EBAGEWE_:
5 :_ — Makhlin-Sinyukov _: 3 :_ — Makhlin-Sinyukov _:
s = 7k -
6 - 6 -
: :
af : af -
3f : = 3f : 3
2f = 2 -
£ = ik =
{]:....I....I....I....I....I....I....I....: {]:....I....I....I....I....I....I....I....:
0 01 02 03 04 05 06 07 08 a 01 02 03 04 05 06 07 08
k, (GeVic) k, (GeVic)

R = 71 4| btw., Makhlin-Sinyukov

m, fits much better...
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Viscosity via R, — fit to NA49, CERES, STAR data
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Viscosity in nuclear collisions - observables

finite viscosity reduces velocity gradients

e

less in-plane, more out-of-plane expansion
@ reduced v,

less longitudinal, more transverse expansion
@ narrower dN/dy distributions
@ harder p, spectra

@ reduced R,
@ reduced R,
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Riong Systematics

Rieg (M)
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Viscosity via R, /Rgige @nd Rgn4/Rsiqge ratios

P. Romatschke, Eur. Phys. J C 52 (2007) 203

ideal

——- 1/s=0.16
—— n/s=0.24
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Rou/Rsige and R, /Rgiqe Fatios are sensitive to viscosity
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Riong/R

side
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Viscosity via R

out
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Quantitatively:

Qualitatively:

no statement can be made given the calculation does
not reproduce the HBT radii but only their ratios

no indication of RHIC viscosity being lower than at SPS

Viscosity and HBT, D. Miskowiec, WPCF2009, 15-Oct-2009
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summary

@ our quantitative method was wrong for several
reasons; the preprint will be withdrawn

@ however, the conclusion seems to hold:

no indication of increasing viscosity
when going from RHIC down to SPS

Viscosity and HBT, D. Miskowiec, WPCF2009, 15-Oct-2009
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R.i4e SYStematics
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Viscosity via R4

“Viscous corrections to a Bjorken expansion”

0.1

5
o

0.08

(arb. units)

dN
dp,

0.04

0.02

D ||||||..|f{||||||||||||||||||||“f||||||
-1 08-06-04-0.2 -0 02 04 06 08 1

p, (GeV)
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D. Teaney, Phys. Rev. C 68,034913 (2003)

o
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Viscous gas

1= 1 mean free path

B No hydrodynamics applies when A small

dynamical viscosity

n= npﬂ“ — P (independent on n)
3 30 (infinite for ideal gas)
(not quite O for inf. 0)
n <v>A4
V=—= kinematical viscosity
yo, 3
n 3
n~npi uncertainty principle provides g = ZZT Teaney
s~ lower bound
7 _ 0] - mear! free path > const
S de Broglie wavelength
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Teaney’s formulas

T K,(x) .

24(0) _ 2 2 _ 2 2

(R[,) Tﬂm'j’ KI(X) X= \/m +KTr/T

ORL _ _Ts[6 xKy(x)  ,1(Ky(x 1)
(R%)(D) - 7|4 Kz(){) 8 Kz(X)

4
T T 19T 37

20(0)— 2~ 2(0) 2_ 2 _ > _

R =m0y (RDTH R TG(H?T 16 ) =7
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Fit to STAR Rlong, full formula

= 10 T | | | | | | ]
£ - » STAR Au+Au at 200 GeVic
mg oF —fit with fixed 1fs=0 =
oF i ----fit with free n/s E
= i fit with fixed 1/s=0.2 ]
e ” =
6F =
5 -
ns =
3E -
2F E
iE -
051 02 03 04 05 06 07 08
k, (GeVic)
fitfun tauO (fm) T (GeV) eta/s
fixed eta/s=0 7.224+-0.022 0.120+-0.000 0.000+-0.000
free etals 1.850+-1.721 0.120+-0.000 1.956+-1.596

fixed eta/s=0.2  8.926+-0.022 0.120+-0.000 0.200+-0.000
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Fit to STAR Rlong, simplified formula

— 10 T | | T T T | ]
£ - * STAR Au+Au at 200 GeVic ]
mg 9g —fit with fixed 1/s=0 E
oF S, --fitwith free /s E
S fit with fixed n/s=0.2 ]
T | .
6 =
SE -
af .
2f -
iE -
000102 03 04 05 06 07 08
k, (GeVic)
fitfun tauO (fm) T (GeV) eta/s
fixed eta/s=0 9.618+-0.030 0.120+-0.000 0.000+-0.000
free etal/s 9.861+-0.131 0.120+-0.000 0.084+-0.044

fixed eta/s=0.2 10.205+-0.030 0.120+-0.000 0.200+-0.000
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mistake when interpreting STAR data (m, vs k)

STAR points misplaced STAR points placed correctly
-"E 1ﬂ_llll LINLENLNL I NI LI NI L L L LI LI LI L BN IR B -E 1ﬂ_|| LA LI L I L L L L O O L
= = * STAR Au+Au atys=200 GeV/c = C #* STAR Au+Au atys=200 GeVic J
g = o CERES Pb+Au at 158A Ge\fc g gE o CERES Pb+Au at 158A Ge\fc
o — Herrmann-Bertsch . o f — Herrmann-Bertsch .
3 :_ — Makhlin-Sinyukaov = 8 :_ — Makhlin-Sinyukaov _:
7 E T E
6 - 6 -
sF 5 SE 5
4t - 4t -
3 . 3 -
21 E 2 E
C HB =, MS =, 7 C HB =, MS =, 7
1 STAR 8.0 fm 10.3 fm J 1 STAR 7.2 fm 9.6 fm J
r CERES 86.3fm 8.5 fm 7 r CERES 86.3fm 8.5 fm 7
C 11 1 I 111 1 I L1 11 I 111 1 I L1 11 I L1 1 1 I 11 1 1 I 11 1 |_ _| 11 1 I 111 1 I 11 1 1 I 111 1 I L1 11 I 11 1 I 111 1 I 11 1 |_
{]ﬂ 01 02 03 04 05 06 07 08 ﬂ{}l 01 02 03 04 05 06 07 08
k, (GeVic) k, (GeVic)

Herrmann-Bertsch vs Makhlin-Sinyukov
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Riong COrrected by (A/197)%3
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Riong COrrected by (A/197)13 and for centrality
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