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Shear viscosity and Kovtun-Son-Starinets conjecture
in the BCS-BEC crossover regime of an ultracold Fermi
G V.

Yoji Ohashi and Daichi Kagamihara J

Department of Physics, Keio University, Japan

@ Introduction: shear viscosity and KSS conjecture

@ Strong-coupling theory
= SCTMA Self-energy
= Shear viscosity

= entropy density
@ Results

@ Summary




Clustering as a window on the hierarchical structure of qguantum systems
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Clustering as a window on the hierarchical structure of qguantum systems

ose gas

~ _strong

molecule
(boson)

. 'Y A
2 a
AFTIEE al | £< . -
m " — - gE QL%\\ _§ — o
- = » San =

=) . §”@ s - | C

o “\ A : | 51 o

L * 2 S Jud

i E » ’°\t?\\ 5 ° 3’: .E

gl & >

S E f=

© = @ = =

- = 2 ® ¢ S
8 g e O Q —~
“ c
o © © ;r o‘\'J g 9
i o o o o o Weak z g

d
/L Q
N’
Fermi atomic gas
+

Feshbach resonance




Clustering as a window on the hierarchical structure of qguantum systems
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Clustering as a window on the hierarchical structure of qguantum systems

strongly interacting Bose gas?
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Clustering as a window on the hierarchical structure of qguantum systems

strong-coupling Iimit\
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Shear viscosity: A possible route to examine the hierarchy problem

fluid velocity ug (y,t) = ™“tug (y)
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Shear viscosity: A possible route to examine the hierarchy problem
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Shear viscosity: A possible route to examine the hierarchy problem
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We need to go to the NEXT hierarchy level...
(atom level — molecule level)

The shear viscosity n is a useful guantity to see the boundary
between the two hierarchy levels.




Another importance of n: Kovtun-Son-Starinets (KSS) conjecture

shear viscosity 7] > h «——— Quantum!

entropy density s = Ak p

. . ] KSS PRL 95 111601 (2005)
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C. Cao, et al, Science 331 58 (2011)

KSS conjecture has been discussed in various hierarchy levels, ranging from high-
energy physics to low-energy physics. So, this topic may be useful for this #r=¢1if.



Today’s talk

We theoretically investigate the shear viscosity in the normal state of an ultracold
Fermi atomic gas. Including effects of a tunable pairing interaction within the
framework of SCTMA, we clarity how this transport coefficient in the BCS-BEC
crossover region. We also assess the KSS conjecture.

= : . . .
6T : S Elliott et al. 6
~ | CLi S a6 a0l LI unitary Fermi gas
I~ 2t ¢ —_— 10 3
~— N 0.8 ,%*}‘
f_;: E 0.6 + ’#
et I - 02 ._ ___________ -
q l g CQ 6 — 0.0 : : : r I I HH
S::_ E 0.6 0.7 0.8 09 1.0 11 B
]
I 4 — [
g- 0 m N
S—
" " L L 2 ] i *EIE
~1 -0.5 0 0.5 L
weak 1/ (ki) Strong Rkl 1 1 ] |
1 2 3 4 5
[3) | _>r ‘; ‘Fﬁ | g |
JJ :': - fg \'\ () B \ % E/EF
o | @ | -3 e / \lﬁ C. Cao, et al, Science 33158 (2011)
b | |
YR IRET N
%*w'*ﬂé/' O o
% | B RN
s BEL poou X B
Y5y ROE 1Y % W ow
‘\ i}l q‘ %“ 3 66&.«’?
oF 5L



Formulation: self-consistent T-matrix approximation (SCTMA)
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Shear viscosity n |

@ perturbation <«
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We consistently evaluate the shear viscosity within SCTMA. |




Shear viscosity n, being consistent with SCTMA
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Entropy density s, being consistent with SCTMA

Tan’s pressure relation
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Shear viscosity in the BCS-BEC crossover region
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Shear viscosity in the WEAK-coupling side (kea,)1<0
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Shear viscosity in the STRONG-coupling side (kea,)*>0
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Assessment of KSS conjecture in cold Fermi gas physics
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Kagamihara, Ohashi, JPSJ 89 (2020), 044005 (2020).



Assessment of KSS bound in cold Fermi gas physics
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Universality of KSS bound
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Comparison with °Li Fermi gas experiment
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Calculated n/s semi-quantitatively explains the recent experiment at the unitarity.



Summary

We have discussed the shear viscosity i in an ultracold Fermi gas. We showed that n
Is useful to see how the atom hierarchy changes to the molecule hierarchy. We also
show that the KSS bound is obtained around the two hierarchy levels.
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