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Viscosity

e Shear viscosity

Frictional force
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Question

* \WWhose shear viscosity Is bigger? Liquid or gas
water near 100 degree C at 1 atm?



Shear viscosity measures
how “perfect” a fluid Is!



o Kovtun, Son, and Starinets (’05)
Conjecture: Shear viscosity / entropy density
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* Motivated by AdS/CFT
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 QGP (quark gluon plasma) almost saturates the

bound @ just above Tc --- a perfect fluid
(Teaney)

 LQCD, gluon pasma (Karsch, Wyld; Nakamur,
Sakal; Meyer)

* WWhat happens below Tc?



n/s

—&— PS
xPT[m, =0 MeV]

__J___l___L__q___I___ff%{}J_o;al
60 30 100 120
T(MeV)

JWC, Nakano



| —l— Nz
_—.—Hiﬂ

4-+Hﬂ #
L

| @ RHEC
3_—é—unp

| —7— Meson gas
| Ok

0
o]
¢
?

*
+

-1.0 0.5 0.0 0.5 1.0

Lacey et al., PRL 98:092301,2007



et

T, GeV

0.l

QCD Phase Diagram

M. Stephanowv

QGP
Ee
crifical T—
potnt
.a'"-----f
o muclear | I -
vacuum matter || quark matter | CFL quark matter
1 I
1 g, GeV
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The 1/sLandscape

JWC, LI, Liu, Nakano
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11/ on the Lattice
: 1 iwt /T | ”
7= lim 5 dt dx e ([T, (t,x), T4,(0,0)])

* Re and Im time two-point functions have the
same spectral function
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Extracting the Spectral Function
Clan) = I§ [ d* (T1a(0]Traro,x)
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* p(w) notunique w/ finite lattice sites



Tree Level Spectral Function
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e dy = 8 the number of gluons
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“Unsatisfactory attempt” |
(Meyer)

e Breit-Wigner ansatz (same as Karsch+Wyld &
Nakamura+Sakai)
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n/s\lr=1.657. = 0.33(3)
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FIG. 1: Numerical data points and fitting results of Matsubara Green'’s function 2(#) on a 24% = 8

lattice

Nakamura & Sakai, PRL 94, 072305 (2005)
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“Unsatisfactory attempt” I
(Meyer)

e Hard-thermal-loop motivated ansatz

n/m Aw?

w)/w = — + (w —w
plw)/ 1 + b2w? ( 2 tanh w /47T

h—0 wi/T =752 A/A. = 0.996(8)
n/s =0.25(3) X5, = 4.0



An Upper Bound on 77/
(Meyer)
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(0.96 (T = 1.65T.)
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An Sophisticated Approach
(Meyer)
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FIG. 3: The result for g(w). The meaning of the error bands
and the curves is deseribed in the text. The area under them
equals C'(Lo/2) = 8.05(31) and 9.35(42) for 1.247% and 1.657%
respectively.



An Sophisticated Approach
(Meyer)




Outlook

17/ on the lattice: modeling spectral function,
below Tc, including quarks or in cold atoms
with large scattering length

* mapping the phase diagram by 1/
tricritical point
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