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References & collaboratorsReferences & collaborators

''Universal lower bounds in energy and momentum diffusion in liquids''
                       Coming soon! MB, Trachenko, Behnia, Brazhkin



  



  



  

WHY A MINIMUM?WHY A MINIMUM?

TcLIQUID DYNAMICS GAS DYNAMICS

Oscillatory motion
 +

Diffusive jumps

Ballistic motion
Viscosity comes 
from collisions



  

A UNIVERSAL MINIMUMA UNIVERSAL MINIMUM
[Trachenko, Brazhkin, Sci.Advances 2020]

[See derivation therein]



  

WHAT ABOUT QGP ?WHAT ABOUT QGP ?

THE SHEAR VISCOSITY IS HUGE
(COMPARABLE TO LIQUIDS

AT THE GLASS TRANSITION)

But the density is also huge !

It can be derived in several ways :
(check the paper  ;)  )

Compatible with the standard liquid
formula and using the Planckian

relaxation time !



  

CONSEQUENCESCONSEQUENCES



  

FIRST CONCLUSIONFIRST CONCLUSION

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

Momentum
Diffusion 
Constant 

[Hartnoll 2015, Nature]



  

THERMAL DIFFUSIVITYTHERMAL DIFFUSIVITY



  

THE MINIMUMTHE MINIMUM

UV CUTOFFS IN CONDENSED MATTER



  

EXPERIMENTSEXPERIMENTS

Minima at different temperatures but



  

DATA RECAPDATA RECAP

1) PREDICTIONS OF THE MINIMA
    VERY ACCURATE

2) VALUES AT THE MINIMA VERY CLOSE
    TO EACH OTHER 



  

SECOND CONCLUSIONSECOND CONCLUSION

STRONG UNIVERSALITY AT THE MINIMUMSTRONG UNIVERSALITY AT THE MINIMUM

No need of weird/fancy materials 
to see quantum bounds!

Physics is unavoidably quantum in cond-mat



  JUMPING INTO THE BULK



  

Dynamics of black hole horizon Fluid-dynamics

Relativistic
 hydrodynamics

Shear diffusion

Sound mode
(fluid-gravity, QNMs, transport)



  

A HOLOGRAPHIC LIEA HOLOGRAPHIC LIE

            IS

UNIVERSAL



  

A SPECIFIC CASEA SPECIFIC CASE
[Hartnoll, Ramirez, Santos 2016]

[MB, Alberte, Pujolas 2016 +1 day]



  

A SIMPLE SOLUTIONA SIMPLE SOLUTION



  

OUTLOOKOUTLOOK

loses its universality !

But the diffusion 
constant not !

Same happens in systems with broken rotations!

[Blake, 2016, PRL]

[See Dimitrios' next talk]



  

PROVOCATIVE STATEMENTPROVOCATIVE STATEMENT

          JUST CONSIDER THEJUST CONSIDER THE
        DIFFUSION CONSTANTSDIFFUSION CONSTANTS



  

HINTS FROM EXPERIMENTSHINTS FROM EXPERIMENTS



  

SSB OF TRANSLATIONSSSB OF TRANSLATIONS

Longitudinal sound

[MB et Al
, 2018, JHEP]



  

CRYSTAL DIFFUSIONCRYSTAL DIFFUSION



  

NOT SO TRIVIAL ...NOT SO TRIVIAL ...



  

AN UPPER BOUNDAN UPPER BOUND



  

FROM CAUSALITYFROM CAUSALITY
[Hartman,Hartnoll, Mahajan,

PRL 2017]

FROM CAUSALITYFROM CAUSALITYFROM CAUSALITYFROM CAUSALITY



  

A BEAUTIFUL EXAMPLEA BEAUTIFUL EXAMPLE

ISRAEL-STEWART FORMALISM



  

HOLOGRAPHIC RESULTSHOLOGRAPHIC RESULTS



  

WHAT ABOUT SOUND ?WHAT ABOUT SOUND ?



  

OLD IDEASOLD IDEAS
[Hohler,Stephanov 2009 PRD]

[Cherman, Cohen, Nellore 2009 PRD]

CFT



  

NEW IDEASNEW IDEAS
[Mousatov, Hartnoll 2019]



  

NEW IDEASNEW IDEAS
[Trachenko, Monserrat, Pickard, Brazhkin 2020]



  

A CONFORMAL SOLIDA CONFORMAL SOLID

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



  

HOLOGRAPHIC RESULTSHOLOGRAPHIC RESULTS



  

BUT ….BUT ….

STIFFNESS



  

CONCLUSIONSCONCLUSIONS

Forget about

Universality in the
Diffusion constants

Evidences from holography and
Experimental data (QGP, insulators)



  

CONCLUSIONSCONCLUSIONS

Upper bound on diffusion from causality
Respected in holographic models

In systems with no UV cutoff there seems to
Be no bound for the speed of sound

What is bounded from above
Is the stiffness !



  

FUTUREFUTURE

Electronic thermal conductivity

Solids VS Liquids VS glasses

Anisotropy and magnetic field

Standard VS exotic materials

[See Dimitrios next talk]



  

THANKS A LOTTHANKS A LOT
(waiting for next year to visit Vietnam again )(waiting for next year to visit Vietnam again )


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

