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Shear viscosity measures
how “perfect” afluid is!

Smaller shear viscosity implies
larger particle interaction!



« 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 (Teaney;
Romatschke, Romatschke; Song, Heinz;
_uzum... )

_QCD, gluon pasma (Karsch, Wyld;
Nakamura, Sakal; Meyer)

> QGP near Tc, aperfect fluid, SQGP




n/s goesto alocal minimum near a phase transition
In more than 30 systems with no exception found so far.

Cold Unitary Atoms
Rupak & Schafer 2007
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Nuclear liquid-gas
Phase transition

Lacey et a., PRL 98:092301,2007;
2007 US Nuclear Science Long T(MeV)
Range Plan



QCD Phase Diagram

JWC, Li, Liu, Nakano
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Fig. 1. QCD phase diagram
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QCD Bulk Viscosity

Karsch, Kharzeev, Tuchin;
Meyer; IWC, Wang; Fernandez-

Fraile, Gomez Nicola
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Universality?

Universal n/s and (/s behaviors?
( n/s reachesloca minimum near p.t.
(/s reacheslocal maximum near p.t.)
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Cold Fermions

« S-wave, scattering length
« Feshbach resonance



Scattering Length (S-wave)
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Tunable Interactions: Feshbach
Resonance
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*Generated using formula
published in Bartenstein, et al,
PRL 94 103201 (2005)

Source: J.E. Thomas




Energy E Measurement

Universal Gasobeysthe Virial Theorem Duke, PRL (2005)

InaHO potential: E = 2<U>

——> Energy per particle

—

E:Bma)22<22>

For a universal quantum gas,
the energy E is determined
by the cloud size

Source: J.E. Thomas



0 Duke
‘\__'l...,_. l Physics

Entropy S Measurement
by Adiabatic Sweep of Magnetic Field
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Weakly interacting:
Source: J.E. Thomas Entropy at 1200 G known from
cloud size— Ideal Fermi gas




Measuring the Energy E versus Entropy
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840 G

End
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Strongly interacting at 840 G:
Energy Eg known from cloud size
— Universal Fermi gas

Weakly interacting at 1200 G:
Entropy S,, known from cloud size
— ldeal Fermi gas (textbook)

Energy Measurement:

By = 3mw22<22>

840G

Adiabatic;

S = Sy

Source: J.E. Thomas
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Energy versus Entropy
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Viscous Hydrodynamics

Energy dissipation (7. (. #: shear, bulk viscosity, heat conductivity)
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N dependence not seen!



Expansion of a rotating gas
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Source: J.E. Thomas



DY puke
i Physics

Measuring the angle of the cloud s

Measur e the angle of the long axis
of therotating cloud with respect

tothelaboratory axis
Source: J.E. Thomas



Measuring the Angular Velocity

Theory—superfluid flow

Rotates faster as it expands—
opposite to the behavior
of an ice-skater!
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Source: J.E. Thomas

e Superfluid, Q, =178 rad/s e Normal Fluid, 2y =178 rad/s




How low Isthe viscosity n?

n =ohn

Angle (degrees)
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Source: J.E. Thomas

e (O,=178rad/s; Superfluid e (,=178rad/s; Normal Fluid



Viscosity/entropy density (units of 7/ Kk} f" Physics

Atmc oling and Trapping
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Schafer & Chafin, 0912.4236; Normal fluid

GO005 00010 00013 00020

00025

00030

0.0035

t ms|

Fig. 5 Time evolotion of the anzle of the major axis of a rotsting expanding cloud after release
frem the trappune potential The datm are taken from [14] The two data s2t5 were obtaned with
mitial energies £ /Ep — 0.36 and 2 1 The sohd line shows the prediction of adeal fimd dynamics.
and the dached lines shows the sclution of the Navier-Stokes equation for § = 0.077. Using an
entropy per particle 5/N = 4.8 this value of B umplies a shear wiscosity to entropy deasity ratio
(o) = 0.76
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Outlook

» |sthetwo fluid model a good starting point?



