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NEARLY PERFECT analogies between NEARLY PERFECT FLUIDs:
Same equations in heavy ion physics and the physics of ultra-cold atoms !

Heavy Ion Collisions Ultra-Cold Fermi-gases
dynamical equations on
dn+V(vn) = 0, ot +V-(nv) =0
‘ O + S _ Wertpa))iimn), mr.—v +m(v-V)v=-V(V + u(n))
Oe+V(ev)+pVv = ja, ot

Euler+ energy equation may have source terms: (gluon wind at RHIC, or potential of the optical trap)
Equations of state:

p = Anl —Blle= AnT + B | p(n) oc n|
k= Ae/Ap '
Self-similar, ellipsoidal solutions. Scaling parameters: | (1) = b;(#) xq;
s Vo 2 2 2 b .
Gl = gy eap (_2}{‘2 “oyz 272 )’ vi(t) = b—? ;i (t)
i : : i
) (X g Xy B )
v IiL, r . s o Vg Ve 3 » 5
X =y ¥z unit volume scales as V(t) = b, by b,
‘ V. 1/ - —
10 = To(y) . [V =Xv2Z
dynamical equations for the scales are similar, too:

- . . T.(t V: 1/k . . ,_;_;2 O)
XX=YY=/Z/7= i(t) E,] biz—wf(t)bi—k ?(, -
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Summary

(NEARLY) PERFECT FLUID hydrodynamics:
(nearly) perfect formal analogies between

T.Cs. J. Zimanyi, nucl-th/0206051 and
W. Ketterle and M. Zwierlein, arXiv.org:0801.2500 [cond-math.other]

Similar families of exact hydrodynamical solutions
Universality of (directional) Hubble flow

Conjectures:

Fluid of quarks at RHIC = ultra-cold, relativistic Fermi gas?
(Cold, as far as quarks are concerned!)

Aspect ratio of slope parameters in plane/out of plane:
sensitivite to EoS, and simpler than v,




Backup slides
from J. Thomas, QM09
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Tunable Interactions: Feshbach Resonance
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Strongly Interacting

Kt

Systems in Nature O —

» Ultracold Atomic 6Li Gas
» Quark-Gluon Plasma

» High T_ Superconductors

»* Neutron Matter
»* Black Holes in String

Strongly Interacting °Li
gas T=10"K

= Duke, Science (2002)

APP9Similar “Elliptic” Flow <= Quark-gluon plasma T = 10"2
K



The Universal Regime

Strongly Interacting

Ideal Fermi Gas Fermi Gas
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Theory: Carlson (2008) i = - 0.60(1)

Otiara Apsgg | EXPEMMent: Duke (2008) [ =-0.61(2)




Viscosity/entropy density (units of 71/ k,) QD Physics

Atom Cooling and Trapping
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