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1. Qut of equilibrium thermodynamics

s 2. Relativistic physics in condensed

<l matter: From BEC to quantum hall
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1. Out of equilibrium thermodynamics

l.a. Qut of equilibrium classical thermodynamics

: oH,Q 0. |
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Non-equilibrium thermodynamics

Thermodynamics based on equilibrium properties

£

Out of equilibrium systems

Possible reasons:

» Extremely slow (beyond experimental reach)

» Driven systems (Energy injection » Integrabilit
relaxation processes y (Energy inj ) \ g y

- Too many constant of motion inhibit
| equilibration

E.g. Critical slowing down, E.g. Active matter,

Glassy dynamics. Quenched systems E.g. 1D Bosonic gases



Non-equilibrium thermodynamics

Thermodynamics based on equilibrium properties

£

Out of equilibrium systems

Possible reasons:

v Driven systems (Energy injection) > Integrability

in 1+1 dimensions ' Too many constant of motion inhibit
| equilibration

E.g. Active matter,

Quenched systems E.g. 1D Bosonic gases



1. Out of equilibrium thermodynamics

1.b. Out of equilibrium thermodynamics in quantum physics




Out of equilibrium quantum physics

Driven quantum systems

¥ Smooth evolution of system parameters over time

E.g. Hamiltonian parameters, external parameters(temperature, environment), Floquet systems

» Questions:

» Does the system remains in its ground state? » Floquet theory

Adiabatic evolution? Landau Zener transition? \9 Periodic in time Hamiltonian

H() = Ht+ T)

¥ In thermodynamics: Thermalization? Steady states?

L. Landau(1932)
e Thermodynamic?

C. Zewner(1932)
E. Stueckelberg (1932)

, T. Mori (2022)
€. Majorana (1932)
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Out of equilibrium quantum physics (In 1+1 dimensions)

Quantum quenches

¥ Sudden change of system parameters

P

t (ms)

E.g. Hamiltonian parameters, external parameters(temperature, environment)

» Questions:

Will the system eventually thermalize?

Position (um)
-500 0 500

» A gquantum Newton cradle
T Kinoshita Et. Al. (2006)

\\-—QP 1D Bose Einstein condensate set
out of equilibrium by a laser pulse
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» What does the asymptotic steady state looks like?
Boltzmann? Others?

Non-equilibrium

Steady state

00000000 00000000
Gibbs

00000000
Gibbs

0000000000000 0000000000000000°

B. Doyon § B. Bernard (2016)

System at two different temperature
are put into contact

Energy density? Energy currents?



Out of equilibrium quantum physics (In 1+1 dimensions)

Quantum quenches

¥ Sudden change of system parameters

E.g. Hamiltonian parameters, external parameters(temperature, environment)

p Strategies: Generalized hydrodynamics

§ Fast local equilibration allow one to define local
thermodynamics quantities

® Local conservation equations defines time evolution

of these local quantities
B. Doyon § B. Bernard (2016)

¥ Example of follow up questions: How to include defects?

» Result compared with exact computation done with Bethe ansatz/
exact diagonalisation

N For transverse field Ising model, Luttinger liquids ...

density
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(atom/um)
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-400
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position (um)

0

200 400
M. Schemmer et. Al.(2019)



Out of equilibrium quantum physics (In 1+1 dimensions)

i —— = —

Non-equilibbrium quantum systems

» This talk:
R(t)
» Within generalized hydrodynamics
e e e % e > » 1+1D out-of-equilibrium systems: driven by a time-dependent

v J geometry
dr = Rd6

How do qravitational anomalies modifies
the thermodynamic properties of such a
momﬂequilibrmwx svsﬁem?



2. Relakivistic Fhvsit‘:s i condensed makbter: From BEC ko
quav\%um hall edqges

2.a. Curved spacetimes in the Labora&orjz
Analog gravity in Bose-Einstein condensates
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Analog gravity

VOLUME 46 25 MAY 1981 NUMBER 21

Experimental Black-Hole Evaporation?

W. G. Unruh
Depariment of Physics, University of British Columbia, Vancouver, Bvitish Columbia V6T 2A6, Canada
(Received 8 December 1980)

General idea:
Black holes physics can be reproduced in classical hydrodynamics
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S.). Robertson (2012)
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Experimental Black-Hole Evaporation?

W. G. Unruh
Depariment of Physics, University of British Columbia, Vancouver, Bvitish Columbia V6T 2A6, Canada
(Received 8 December 1980)

General idea:
Black holes physics can be reproduced in classical hydrodynamics
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12 Fish — Sound waves mow (2012)
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N Iinteracting bosons: Bose Einstein condensation

Second quantized Hamiltonian

V2 HV,

H = Jd?c P (%, 1)

Potential

O 1) + 5 Jcb'c’ dy W', W' (5, nfV

% — )|

R Particle-particle interactions

1% ()_c’) = k0 ()_5)

14



N Iinteracting bosons: Bose Einstein condensation

e = — = ———

Second quantized Hamiltonian

h2

2m

H = Jd)'c’ P (%, 1)

V +7 Ve ,

R Particle-particle interactions

1% ()_c’) = k0 ()_c’)

Potential

Mean field solution (Gross-Pitaevskii equation)

hoy = VZ+V, X +xy'y ]

“A Wave function of the condensate

w(%1) = (¥ (%))

15



N Iinteracting bosons: Bose Einstein condensation

Mean field solution (Gross-Pitaevskii equation)

hoy = Vi+V, (X)) +xy'y vl

“A Wave function of the condensate

w(%1) = (¥ (%))




N Iinteracting bosons: Bose Einstein condensation

e = — = ———

Relativistic waves in a curved spacetimes

S n — no —+ 5” . k ' ';
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Analog gravity

Ex: Hawking radiation in Bose Einstein condensates
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J. Stewnhawer et al, (2019)



Analog grawty

Ex: Hawking radlatlon in Bose Emstem condensates ~ Ex: Analog de Sitter universe in Bose-Einstein condensates
| S.weinfurtner (2004)
Vout 1+1D
Outside Horizon Inside e :@1@@31113 E [Z ) @ E
L :
80 | :
T 60F o) }cé:
e ee00000D O 0 0 |
< 20 i theory
-060 _410 S.Eckel et. AlL. (2021)
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J. Stewnhawer et al, (2019) C. Viermanwn et al. (2022)



Analog gravity

Ex: Hawking radiation in Bose Einstein condensates ~ Ex: Analog de Sitter universe in Bose-Einstein condensates

S.wetnfurtner (2004)
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2. Relakivistic thsws i condensed makbter: From BEC ko
quam%um hall edqges

2.b. Chiral fields and curved spacetimes in quantum

Hall edqes
s right-moving skipping orbit
AAAAAAAAAAAAAA_A
,4 O . O O O O O O
ar ) cyclotron orbits

- - - -
k.. e

™ left-moving skipping orbit
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Integer guantum Hall effect: Historics

Integer quantum Hall effect

ko § =2

K. Von Klitzing

K. Von Klitzing (1920)

Nobel Prize 1985



Integer quantum Hall effect:

A theory on the edges

¥ Deformation of the level by scalar potentials/confinement

Chiral edge
states

Energy

hw
o © e

o o
" o000 0000000000’ *®

hwe

®Co000000000'000?®

s e e e ——— — ==

¥ In the presence of B, levels split into quantize non dispersive, Landau levels

Linear dispersion on the edges with

b’=VVAB

23



Integer quantum Hall effect:

e ——————— —s

A theory on the edges

¥ In the presence of B, levels split into quantize non dispersive, Landau levels

¥ Deformation of the level by scalar potentials/confinement

R,
xO
A
/|
v Linear dispersion on the edges with
Ran | . —> —>
eglgn“l | Yy = V V/\ B
: ¥ Possibility to shape space-time by modifying
| the potential V in space and time
Bulk

M. Hotta § Y. Nambu (2022) 24



Integer quantum Hall effect:

A theory on the edges

¥ In the presence of B, levels split into quantize non dispersive, Landau levels

¥ Deformation of the level by scalar potentials/confinement

Reyy
B ez
A
Y,
Q crsmrermrmersdeblmrmereneeremereedACALAISDQLSION ON the edges with
Region D /, Chiral ffiﬁi.dﬂ Lt Qa I
i | curved spaa@.&me .1 | -
, b o Jytoshape space-time by moditying
, /; Edge the potential V in space and time
Y R
Bulk Q
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x!' M. Hotta § Y. Nambu (2022)
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3. Grravikational anomalies and the anomalous Casimir effect

3.a. The Casimir effect, or how confinement modify vacuum
properties of a system

20



The Casimir effect

e ——T—

2 H. Casimir used quantum mechanics to investigate Wan der Walls forces between
polarizable molecules in 1948

H. Casimir

casimir (1941) 27



The Casimir effect

2 Attractive force between two uncharged metal plates when they are very close
(a few nm)

2 Can be interpreted as a modification of a quantum vacuum properties in the
presence of geometrical constraints (here confinement)

1deal mirrors

free space vacuum

field fluctuations
selected

vacuum field

free space vacuum
field fluctuations

H. Casimir
hcm’A
F=-
240d4

casimir (1941) 28



The Casimir effect: Experimental verifications?

2 Hard to test experimentally within H.Casimir setup

2 First experimental evidence by S.K.Lamoureux at Yale in 1997, and reproduced
by Mohideen and Roy in 1999, using atomic force microscopy
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Mohideen § Roy (1999) 29



The Casimir effect: Experimental verifications?

2 Hard to test experimentally within H.Casimir setup

2 First experimental evidence by S.K.Lamoureux at Yale in 1997, and reproduced
by Mohideen and Roy in 1999, using atomic force microscopy

2 Finally verified between metallic plates in 2002 by Bressi et al

Bresst et al (Roo2) 30



The Casimir effect: Modern experiments

Other type of materials

Effect of dielectric response, repulsive
Casimir force

J.Mvw\,olag § F. capasso(2009)

Systems beyond static equilibrium

20 40 60 80 100 120
Distance (nm)

|
140

Effect of finite chemical potential and
temperature gradients C. Henkel et al (2002)

K.Chewn § S. Fan (2016)

VT, Vi, #0

N

Repulsion

Generation of photon from vacuum:
Dynamical Casimir effect G. Moore (1970)

mechanical excitation

P 4 output photon flux

. 7/ ". > .
. mirror s motien
- ‘74/‘__\)

-
‘l -~
i

i/
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The Casimir effect: effect of dimensions

Generalizing Gasimir arguments in a d+1 dimensional cavity of size L

e=d.P x L4

. Ambjgrn § S. Wolfram (198=)

32



The Casimir effect: effect of dimensions

Generalizing Gasimir arguments in a d+1 dimensional cavity of size L

8 — d . P X L_d_l J.Ambj¢rw§s. wolfram (1983)

In particular, for a 1+1 dimensional ring

1 7c,

Ona d=1ring: €e=P = ——
2 247R?

L-—q.,-L

Casimir energy density: €

33



The Casimir effect: effect of dimensions

In particular, for a 1+1 dimensional ring

1 7c,
Ona d=1ring: e=P =——
2 247R?
\e— —

Casimir energy density: £

34



The Casimir effect: effect of dimensions

In particular, for a 1+1 dimensional ring

What If the radius R
c&.@.pemds on ktime?

Generalization to interacting 1+1 dimensional theories

1 7c,

2 24xR2
N

P =

Casimir energy density: £

39



3. Gravitational anomalies and the anomalous Casimir effect

3b. Casimir effect in expanding ring: First predictions and
Curved space time analoq

|

R(t)
t

{

I

‘/dw = Rd0

30



1+1D Casimir effect in expanding cavities

What if the radius R depends on time?

Y R(t)
aTaTaTa'A Y t,
VAVAVAVIVY * ‘ j
‘ dr = RdO
<« ,
R() Rl
\ R(t)

37



1+1D Casimir effect in expanding cavities

What if the radius R depends on time?

R(t)
yy Instantaneous Casimir energy density: £.-(¢)
06000 : T
‘ ‘ j €{ New length scale
dr = Rd6 1 O,R
<—--T----> : 1 C R

7

B R > = p =~ — (D)
| R(t)




1+1D Casimir effect in expanding cavities

What if the radius R depends on time?

Curved spacetime description

F2(2) I ,
YY : ds* = c7dt* — R(1)~d6”

39



1+1D Casimir effect in expanding cavities

What if the radius R depends on time?
Curved spacetime description

F2(2) I .
’Y t dsz — cszdtZ B R(deZ

> ,.
./ Similar to the Friedman—LemaitrRobertson—WaIker metric
“ dx = Rd6

| T L ds* = cdt* — a(f)*dx”

A. Friedman (1922)
G. Lemaitre (1927)
H. Robertson (1929)
A. walker (1935)

40



Symmetries in curved spacetime

T T e —

Invariance of a theory in curved spacetime

Properties of the momentum-energy tensor

Momentum-energy tensor

Energy density

N\

E

—VAle

Momentum denity

@72 .-
JU

Metric tensor

B (fl(t)
g,uy T O

)
—/(?)

T —

Density of energy current

B

ViR,

p
\ /,Zj' >
\%

(radiative) Pressure

——%

41



Metric tensor

Symmetries in curved spacetime C(h 0
Momentum-energy tensor — ee—

Invariance of a theory in curved spacetime

e b
o \/fZ/fl Cs [1 4

agH
JU, =

Properties of the momentum-energy tensor

» Conformal/Weyl invariance 7% =0

A\
\

—

42

Scale transformation —



Metric tensor

Symmetries in curved spacetime (fl(t) 0
- S =\ —fz(t)>

Momentum-energy tensor I ———

£ . /ﬂ/fzcisjg
- \/f2/flcsn 4

e ——T—

Invariance of a theory in curved spacetime

agH
JI/

Properties of the momentum-energy tensor

» Lorentz invariance SH — GV =)

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
”
-

L Lorentz transformation= Boost+Rotation 43
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Symmetries in curved spacetime

Invariance of a theory in curved spacetime

Momentum-energy tensor

Properties of the momentum-energy tensor

» Diffeomorphism invariance

.t’

Momentum conservation

44
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Metric tensor

Symmetries in curved spacetime (fl(t) 0 )
— 8y =
0 =h0)
» Conformal/Weyl invariance 7% =0 e=p
» Lorentz invariance I+ — % = ( vpIl =v;'J,  Energy conservation
p DIff. invariance VT =0 ‘ 0, <f2 8) 4+ ()x< ih ]8> = ()

l— 0, (1) 30, (VAihp) =0

iI\/Iomentum conservation

Solution from a uniform initial state

Instantaneous Casimir energy

24 hce 24 hce

w \) — w \)
€=p=_ —_— —

Lookig o 2 247R%f,(1) 2 247xR%(t)

asymptotics —— — 45
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3. Grravikational anomalies and the anomalous Casimir effect

3.c. Ancther qeomelric effect: gravitational anomalies and

and the anomalous Casimir effect
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Anomalies In physics

» Conformal/Weyl invariance ]

» Lorentz invariance Symmetries of the Hamiltonian / action
» Diff. invariance J

_— B . _ _ = S S . = — e —— - — — ol = = E —

Anomaly: symmetry of the Hamiltonian, but not of the field theory |

| Bertlmann, Anomalles

= Signhals anomalous quantum fluctuations J fr,,;:&;,,g;;t ;:LM
or
= Conservation law spoiled by quantum fluctuations J
. )

Relativistic quantum theory in a curved spacetime :
Gravitational anomalies: anomalous vacuum fluctuations induced by the curvature of spacetime

W



Anomalies In curved spacetimes

e

» Relativistic physics in flat spacetime

- P A single energy scale &g X 1/ Lz

» Relativistic physics in curved spacetime

“~—» One new energy scale hVF%

A

Spacetime scalar curvature

@ — K1K2

» Question: How does this new energy scale affect the conservation equations ?




Metric tensor

Anomalies In curved spacetimes (K 0
B | - =\ 0 —f(0)
2 Consequences of the new energy scale s % on the conservation laws 1 ( 0%f, 10, [d0f, o.f
487 A=2 hh 2R LR TS
s 1/2 12 L J1 2

Bertlmann, Anomalles Ln Ruantum
Field Theory (2001)

hc,
e=p+E, R
h487z
G — Cs
7 He il 487zg€ )

49



Metric tensor

Anomalies In curved spacetimes (K 0
B - =\ 0 —f(0)
C
& Consequences of the new energy scale ——.% on the conservation laws oo L KR AR A
Bertlmann, Anomalies in Quant o _CS2 f1f2I2f1fzf1 Ifz_

Freld Theory (2001)

» Lorentz invariance ¢, I1=c'J,

(T — T =0)

50



Metric tensor

Anomalies In curved spacetimes . - (flw 0 )
| _ & 0 —£)
C
2 Consequences of the new energy scale —— % on the conservation laws oo L 0 10f [0fi | 0f
N 43 AN AT
Bertlmann, Anomalies Ln @uantum
Field Theory (2001)
» Diffcomorphsminyariance
— Source of momentum
= > Einstein anomaly
' l at < f ) (Energy conservation)

eV, R)

g%w dei(g)

51



B.Bermond, A.Grushin and, D.Carpewtier Metric tensor

Anomalies In curved spacetimes cc.q axizsozoze i) 0
\nomalies in curved spacetime w=("s _g0)
hc,
» Conformal/Weyl anomaly 3, e=p+%b, I KR
T
» Lorentz invariance c,IT=c;lJ, c,IT=cJ, Source of momentum

h &

_ at (][2 H) + 6x< f1f2p> — %g%ﬁ df%

0, (fre) + 0, (Vi) =0

> Einstein anomaly _ 5 <f2 ) +ﬁax< f1f2P> — 0
0, (he) + 0, (Vi) =0

Solution from a uniform initial state

G, G, FIf~€
yﬂy:_l . L T e 8%(I)+<=07Mv>
2 _\/]%Cs %g 2 _\/]%CS% _ng A
hc, hc, —  hc, :
2 new energy scales: ¢4 = 487{% €z = 18, = 18, 0 O%at 1 o




B.Bermond, A.Grushin and, D.Carpewtier Metric tensor

Anomalies In curved spacetimes ... aiivaim oz

e

Solution from a uniform initial state

hc
1 natural energy gscale &g(l‘) — 247ZR2}2(Z‘) (Instantaneous Casimir energy density)
5 | hc, = hic, = hc, 1 [t%a /
) — C— — —
new energy scales. &4 197 7 487 487 £,(1) ; tJ2
Components of the stress energy tensor
© G
2 2
%W
2 P BN
ng ng

2 2

B (fl(t)
Suy = 0

)
—/(?)

T —

(—ex(t)+e5)

(—ex(t)+e5 — 2e )

(Ex(D)+e75 — €9)

‘*
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1+1D Casimir effect in expanding cavities

What if the radius R depends on time?
Curved spacetime description

R(t) ds? = c2dr? — R(1)*d6?
e e e N yY t} In the absence of gra\g;ational anomalies
VLT =5l
dx = Rdf %
<oelneny .t P== T&‘g(t)

§ €
Iy \ i Je/CS — HCS - _g&g(t)
| R(t) :

Instantaneous Casimir energy density: £--(¢)

hc,

54



e ——T—

1+1D anomalous dynamical Casimir effect in expanding cavities

What if the radius R depends on time?
Curved spacetime description

2 0°R

R(t) ds* = c7dt* — R(1)*d0* —» % = ———

YY cz R

In the presence of gravitational anomalies
0000C L e
v ’ j £ = Tw(_ e(1)+£)
dr = Rd0O @
<___7_-____> 4 P = T(_ &g(l‘)+€§ — 28@)

z : z
Ry \ Ry | Jlc, = Te, = —(egx(t)+e5 — £4)
| R(t) °

2 new energy scales

h OR hn [OR\°
2dzc, R % 24nc. \ R

P ——

55
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1+1D anomalous dynamical Casimir effect in expanding cavities

e ——T—

Consequences on energy:

Ro = 10um l Typical for Bose-Einstein
Experimentally relevant parameters R, = 40um J condensates experiments

C, = 4.1()_3m_s—1 S.Eckel et. AlL. (R021)

te(t)/ 6(60) E(t) = 2zR(1)e(t)
0.2} ) x(e;)
E/E}
0.0f
0.4}
-0.2¢ ----—Ec(t)/E(O)
""" ;56(75)/5(00) el 3ms ‘
_04 B 1113 4ms
4ms —— dms
-0.6¢1 —— 2IS ~0.8 | —— 6.5ms
— 6.5ms — 10ms
-0.8} —— 10ms » — loms
10 — 15ms /7
| -4 -2 0 2 4 > -4 -2 0 2 A

t/T

560



1+1D anomalous dynamical Casimir effect in expanding cavities

|
|

e ——T—

Consequences on energy currents for chiral systems:
Ry = 10um
Experimentally relevant parameters R; = 40um
¢, =4.10m.s"!

(0)
0.4A- Je(t)/csep

0.2F

ok
-0.2}
~0.4}
-0.6}
-0.8}

-1.0

Typical for Bose-Einstein
condensates experiments

S.Eckel et. AlL. (2021)

» Energy currents in chiral systems

57



1+1D anomalous dynamical Casimir effect in expanding cavities

e ——T—

Consequences on pressure:

Ro = 10um l Typical for Bose-Einstein
Experimentally relevant parameters R, = 40um J condensates experiments

C, = 4.1()_3m_s—1 S.Eckel et. AlL. (R021)

tp(t)/eg
P\t)/&c Non monotonous pressure
0.2 —sign of an instability
0.0}
-0.2}
----- —ec(t)/e¢
—0.4} Jms
—— 4ms
0.6} — 9IS
— 6.5ms
~0.8¢ — 10ms
— 15ms
-1.0 |
4 -2 0 ; 4



1+1D anomalous dynamical Casimir effect in expanding cavities

e ——T—

Consequences on pressure:

Ro = 10um l Typical for Bose-Einstein
Experimentally relevant parameters R, = 40um J condensates experiments

C, = 4.1()_3m_s—1 S.Eckel et. AlL. (R021)

4 (0)

p(t)/e; Non monotonous pressure 10F - 738tp/5(0)
0.2y —sign of an instability | (x105)
0.0} 1 2

-0.2}
----- —ec(t)/eg)
—0.4} Jms
—— 4ms
0.6} — 9IS
— 6.91ms
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1+1D anomalous dynamical Casimir effect in expanding cavities

Consequences on pressure:

Experimentally relevant parameters R, = 40um

A

p
0.2}

0.0}
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-0.4}
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-0.8}

-1.0

(t)/es)

e ——T—

R, = 10um l

c,=4.107°m.s"! J

Signature of the

Typical for Bose-Einstein
condensates experiments

S.Eckel et. AlL. (2021)
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1+1D anomalous dynamical Casimir effect in expanding cavities

e ——T—

Consequences on pressure:

Ry = 10um l Typical for Bose-Einstein
Experimentally relevant parameters R, = 40pum condensates experiments
el 100 STl | siEckel et AL (2021)
A (0) .

p(t)/e, Is there an easy 30,/
0.2y | way to recover | (x105)
0.0} these resulks? =

~0.2} -1
_0.4} dms 0
iy —— 4ms
-0 6} i —— bms 1
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~0.8¢ | — 10ms
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1+1D anomalous dynamical Casimir effect in expanding cavities

e ——T—

An easy way to recover the results?

E = Ep T &

, New length scale [~

Together with the thermodynamics identity: = — = —

dR ~ R

2
dtR) R@%R)
+
c?
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3. Grravikational anomalies and the anomalous Casimir effect

3.d. Extension ko vai.mc:&%v modulaked s
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e ——T—

1+1D Casimir effect in velocity modulated cavities

What if the velocity C; depends on time? _ o
Curved spacetime description

c.(t C
ds? = o )cgdt2 B P
i Co (1)
In the absence of gravitational anomalies
%W
i Kl £ = — —¢&g(1)
.///"’o,/ P e %
pP=— _ng(t)
T 2
r S - —— G,
o N 6 Jole, = Tle, = = el
C; s - .
; CS(t) Instantaneous Casimir energy density: &g(t)
0 rhe (1)
e (t) = ———
612
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1+1D anomalous Casimir effect in velocity modulated cavities

e

What if the velocity C; depends on time? _ o
Curved spacetime description

c.(7) C 2
ds? = =2 cgdtz— D _dx2 P = L 9, |
2 CO Cs(t) CS2 Cs
In the presence of gravitational anomalies
G
g = Tw(_ e(1)+e)
G
p = ——(—eg(t)+e — 2e4)
T 2
; e - —— 1

' 0 Csl J.lc,=1lc, = Tg(&g(t)w@ — E)
C, \ | Cs(t) 2 new energy scales

2
nho | dc, , d,c, h
Ep = _
7 4871'65 C Cg 8% 9671'CS




1+1D anomalous Casimir effect in velocity modulated cavities

Consequences on energy:

L = 10um l Typical for Bose-Einstein
Experimentally relevant parameters ¢ = 8.107*m.s"! J condensates experiments

¢!l =7.10""m.s"!

S.Eckel et. AlL. (2021)

A (0)
e(t)/e;
.O_
-0.5f 0\ @ ----- —ec(t) /ey
Jms
4ms
~1.0k —— dINS
— 6.0ms
—— 10ms
—1.5} — 19ms




1+1D anomalous Casimir effect in velocity modulated cavities

Consequences on energy currents in chiral systems (¢, # 0):

L = 10um l Typical for Bose-Einstein
Csl — 7.1()—3rr g1 J S.eckel et. Al. (2021)

0) 0 (0)
J cos( A c Il/e
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0
~0.5}
—05}
-1.0
1.0}
15}
15}
20F
20} 4ms
Ll — HMS
25t — 0.Dms
30} — 10ms
15ms ——

-3.0F

-3.5F




1+1D anomalous Casimir effect in velocity modulated cavities

e ——T—

Consequences on pressure:

L = 10um l Typical for Bose-Einstein
Csl — 7.1()—3rr g1 J S.eckel et. Al. (2021)

A 0
p(t) /ey Non monotonous pressure
of " sign of an instability
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1+1D anomalous Casimir effect in velocity modulated cavities

e ——T—

Consequences on pressure:

L = 10um l Typical for Bose-Einstein
Csl —710°m.s"! [ S.Eckel et. Al. (2021)

A 0
p(t) /ey Non monotonous pressure
of —sign of an instability b
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1+1D anomalous Casimir effect in velocity modulated cavities

e ——T—

Consequences on pressure:

L = 10um l Typical for Bose-Einstein
Experimentally relevant parameters ¢ = 8.107*m.s"! J condensates experiments
1

¢!l =7.10""m.s"!

S.Eckel et. AlL. (2021)
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Conclusiown:

» Gurved spacetimes arise naturally in condensed matter

In this presentation: Curved spacetimes in classical and quantum fluids

Curved spacetimes in chiral systems: Quantum Hall edges

» Gonformal anomalies induce sizable corrections to out-of equilibrium thermodynamics

0.0f

-0.2}

-0.4}

-0.6}

-0.8f

-1.0

In this presentation: Within generalized hydrodynamics

System driven out-of-equilibium by its geometry

Thermodynamic instabilities due to anomalies
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Conclusiown:

» Gomparisons to previous work on dynamical Gasimir effects?

Dynamical Casimir effect Anomalous Dynamical Casimir effect

k—b Spatial curvature varying in time

mechanical excitation

|
-

l -'—-c» R

R s | output photon flux
7~, mirror's motion

o
N

C. Fulling and P. Davies on the relationship between dynamical Casimir effect and anomalies
™

The relation of that effect, which volves a failure of the usual
tracelessiess of T w to the present work (dvno\mit:at Casimir

Q‘f‘f@.ﬁ&) LS MM&L@.&T’ C. FuLL'w\,g § P. Davies. (1976)
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