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WHY A MINIMUM?
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A UNIVERSAL MINIMUM

[Trachenko, Brazhkin, Sci.Advances 2020]
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WHAT ABOUT QGP ?

| THE SHEAR VISCOSITY IS HUGE
E/V 1 GeV/fm® [23] (COMPARABLE TO LIQUIDS
/ AT THE GLASS TRANSITION)
- 5-10"" Pa-s [7
i . bl But the density is also huge !
my 1.67-107°" kg ag
_ D= -"LkgT
ap 0.84-10"* m h B -QGP
= —15 )
. 0.5-107" m [24] Compatible with the standard liquid
formula and using the Planckian
TqQap 2.10'2 K [7] relaxation time !

It can be derived in several ways :

(check the paper =)
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CONSEQUENCES

we found that (a) the cal-
culated I/SIGP in (11) and Dy in (13) are close to the
experimental value of vgp in (10), and (b) these values
of kinematic viscosity of QGP are close to both exper-
imental and theoretical values of kinematic viscosity in
liquids at the minimum v,,.

Given that the dynamic viscosity n and the density of
QGP are about 16 orders of magnitude larger than those
values in liquids, the similarity of v is striking.



FIRST CONCLUSION

w3

w|3

Is very well defined in relativistic systems but
away from that it does not govern anything

[Hartnoll 2015, Nature] Momentum

> Diffusion
Constant



THERMAL DIFFUSIVITY
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THE MINIMUM

' — n— <2 — 1.,
Using [ = a and v = —— = 370WD

UV CUTOFFS IN CONDENSED MATTER

T,

Bohr radius. ag. Rydberg energy, Er




EXPERIMENTS
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National Institute of Standards and Technology database,
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DATA RECAP

{-II:T% — V?t?il (-ngp U:?rfp 'r"‘i’??./(-":ﬂl
Ar (20 MPa) 34 45 59| 13
Ar (100 MPa) 34 93 7.7 08
Ne (50 MPa) 48 64 46 | 0.7
Ne (300 MPa) 48 119 6.5 | 0.6
He (20 MPa) 107 95 52| 06
He (100 MPa) 107 179 7.5 | 04
Kr (30 MPa) 23 49 52| 11
N2 (10 MPa) 41 40 65| 1.6
N2 (500 MPa) 41 178 127| 0.7
H; (50 MPa) 152 228 163 | 0.7
H, (100 MPa) 152 27.0 194 | 0.7
02 (30 MPa) 3.8 56 74| 13
H20 (70 MPa) | 5.1  10.7 11.9| 1.1
CO2 (30 MPa) | 32 54 80 | 15
COz (90 MPa) | 3.2 81 93| 12
CH, (20 MPa) 5.4 79 11.0| 14
CoHg (20 MPa)| 3.9 7.0 120 1.7
CO (20 MPa) 41 120 7.7 | 0.6

vﬂf am

1.5 ©

1.0

¢ ©0 ¢
0.5 e

0.0

1) PREDICTIONS OF THE MINIMA
VERY ACCURATE

2) VALUES AT THE MINIMA VERY CLOSE
TO EACH OTHER



SECOND CONCLUSION

PSE——

M OMENTUM

No need of weird/fancy materials
to see quantum bounds!
Physics is unavoidably quantum in cond-mat




JUMPING INTO THE BULK




. From AdS / CFT correspondence to hydrodynamics
Giuseppe Policastro (Pisa, Scuola Normale Superiore), Dam T. Son, Andrel O. Starinets (Washington U, Seattle). May 2002. 18 pp.
Published in JHEP 0209 (2002) 043

INT-PUB-02-32
DOI: 10.1088/1126-6708/2002/09/043
e-Print: | PDF
References LaTeX(US) | LaTex(EU) | Harvmac | EndNote

ADS Abstract Service; AMS MathSciNet
Detailed record - Cited by 684 records

Dynamics of black hole horizon Fluid-dynamics
Relativistic »  Shear diffusion
hydrodynamics
Sound mode

(fluid-gravity, QNMs, transport)
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A SPECIFIC CASE

[Hartnoll, Ramirez, Santos 2016]

qb — bk [MB, Alberte, Pujolas 2016 +1 day]
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A SIMPLE SOLUTION
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OUTLOOK

/ 2 loses its universality !
\ But the diffusion

constant not !

Same happens in systems with broken rotations!

[Blake, 2016, PRL]

[See Dimitrios' next talk]




PROVOCATIVE STATEMENT

JUST CONSIDER THE
DIFFUSION CONSTANTS




HINTS FROM EXPERIMENTS

arXiv:2001.03805 [pdf, other] hepth (SR 10.1073/pnas.1910131116

Thermalization and Possible Signatures of Quantum Chaos in Complex Crystalline

Materials
Authors: Jiecheng Zhang, Erik D. Kountz, Kamran Behnia, Aharon Kapitulnik

arXiv:1905.03551 [pdf, other] ELLEIEIRNGET cond-mat.stat-mech
BN 10.1088/1361-648x/ab2db6

A lower bound to the thermal diffusivity of insulators

Authors: Kamran Behnia, Aharon Kapitulnik

-arXiv:1908.04792 [pdf, other] cond-mat.stat-mech
On the Planckian bound for heat diffusion in insulators

Authors: Connie H. Mousatov, Sean A. Hartnoll




SSB OF TRANSLATIONS

Im[w]
oofeo Refw]
0” %o longitudinal
[MB et Al DD GD phonon
, 2018, JHEP] o o
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d crystal ®
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CRYSTAL DIFFUSION
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NOT SO TRIVIAL ...
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AN UPPER BOUND
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FROM CAUSALITY

[Hartman,Hartnoll, Mahajan,
PRL 2017]
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A BEAUTIFUL EXAMPLE

Ui 2
W = — b - s
o ? E TP [v] = ‘ ‘ k>c.
ISRAEL-STEWART FORMALISM
; : 5 ¢ f !
w? + ’iw'rﬂ_l = v* k2, v = /
(€ + p) Tn

0.2

U< — — < C S D g f';ﬂr-



HOLOGRAPHIC RESULTS

Im(w)
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WHAT ABOUT SOUND ?
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OLD IDEAS

[Hohler,Stephanov 2009 PRD]

[Cherman, Cohen, Nellore 2009 PRD]

CFT -l '!-‘2. = {'22




Melting velocity v [mis]

NEW IDEAS

[Mousatov, Hartnoll 2019]
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NEW IDEAS

[Trachenko, Monserrat, Pickard, Brazhkin 2020]
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A CONFORMAL SOLID

[Esposito, Garcia-Saenz,Nicolis,Penco, JHEP 2017]




HOLOGRAPHIC RESULTS
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BUT ....
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CONCLUSIONS

SN UNIVERSAL |
PR NOTHING |

1 Forget about

Universality in the
Diffusion constants

Experimental data (QGP, insulators)

0 Evidences from holography and



CONCLUSIONS

Upper bound on diffusion from causality
Respected in holographic models

\

4 Be no bound for the speed of sound

S

What is bounded from above
Is the stiffness !

.6 4



FUTURE

Electronic thermal conductivity

Solids VS Liquids VS g-
- .
t|c materials

Katropy and magnetic%

e

[See Dimitrios next talk]
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