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Hydrodynamics

A time evolved quantum state get lost in an exponentially large jungle

W(@®)|0Y(1))

Approximate the time-evolved state to a simpler object, where only fewer operators are needed

V() (P (t)] = Phydro(t)

Hydrodynamics: describe the state with the at a certain hydrodynamic order

Most obvious choice: of conserved quantities

Qi = / Iz qi(x)
8tQi($7t) T aa:]z(xa t) =0



Hydrodynamics
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How to derive it
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Currents must be expressed as function of hydrodynamic variables
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Hydrodynamics and gauge fixing
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Hydrodynamics and gauge fixing
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Onsager Coefficients
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For now it is not positive neither symmetric

Durnin et al, 2021

De Nardis, Doyon, 2022

[Must choose the right gauge! qi(x,t) = qi(x,t) + Opo;(z,t) 5 ji(z,t) = ji(x,t) + Oro;(x, 1) )

This is fixed (at this order in derivative) by imposing PT invariance PT(C]z (x)) — i (—:I:‘)

£ik > : : C Densities of conserved charges are not
2 0 dt | dy (jk (:U), Ji (O’ t)) uniquely fixed
This guarantees positive entropy increase Qz — / dx g; (gj)
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Hydrodynamics and gauge fixing

PT symmetric densities PT(QZ (:L“)) = q; (—ZE)

De Nardis et al, 2018

Durnin et al, 2021
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0:q; + 0x(Ti + £50,81) = 0
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Form factor expansion
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Form factor expansion

s

-

1 [ oo .

lanlo) = [ d8p(O)0)  liele) = [ ool @0

1= |u)(pl =) (nll)

n>1

1 particle-hole excitations 2 particle-hole excitations

Pp (a)k‘ pp(0) ﬁ@
0 *—eo

o 0, o 02 0, 0
01
1
0, P o
O ol o

thermodynamic form factors
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Inclusion of external forces
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Generalised hydrodynamics
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Everything is hard rods (billiard balls)
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Everything is hard rods (billiard balls)
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Everything is hard rods (billiard balls)
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From GHD to CHD (Bose gas)

n(0;z,t)
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From GHD to CHD (Bose gas)
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From GHD to CHD (Bose gas)

Urichuk et al 2023
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Thermalisation induced by external forces
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Letter | Published: 13 April 2006
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A quantum Newton's cradle
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Nature 440, 900-903(2006) | Cite this article




Thermalisation induced by external forces
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3-stage thermalisation in Hard rods

Biagetti et al, 2023
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3-stage thermalisation in Hard rods

m(z) = (14 mgcos(2mz /)~

V(z) = Vo cos(2mz/¢)

Biagetti et al, 2023
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3-stage thermalisation in Hard rods

Biagetti et al, 2023
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Wave turbulence?

Emergence of isotropy and dynamic scaling in 2D wave turbulence in a homogeneous Bose gas
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(Dated: November 4, 2022)
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Wave turbulence also in GHD?
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Conclusions

. 1
Op+ V- (J lcfp) = §V - (@[p]V,O)

1]
- Y

Diffusion or viscosities as a universal mechanism to understand integrability breaking thermalisation

and heatin
J relations to non-linear Luttinger liquids?

More complete characterisation of integrability breaking and its relaxation dynamics
thermodynamic form factors

universal characterisation of integrability
breaking terms?

A lot to explore in the full “2D” GHD equation

Is turbulence a universal phenomena?

Low-temperature viscosity and dispersive terms

relation to dispersive shock waves?



