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Abstract:

In the framework of Non-Equilibrium Field Theory, | will construct the effective influence functional — generator of
non-equilibrium correlation functions — for a mechanical system with degrees of freedom living on a group (e.g. rigid body)
interacting with a thermal bath at high temperature. | will derive the constraints on the influence functional following from the
group symmetry structure and the DKMS symmetry — generalization of the fluctuation-dissipation theorem. At the linear
response level, group symmetry turns out to impose more constraints compared to DKMS. | will illustrate the general formalism
with the diffusion in a Fermi gas and exhibit the large-N suppression of the non-linear response. Finally, | will introduce the
Universal Bath — the generalization of the Caldeira-Leggett model. It is a dual field theory defined in one extra dimension that
reproduces the classical non-equilibrium dynamics of the mechanical system. | will show that in the limit of Ohmic dissipation,
when the temperature becomes the only relevant scale at play, the Universal Bath also reproduces the quantum corrections.
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Context

A few areas where effective description of dissipation is used

e Cosmology Salcedo, Colas, Pajer 24’, Burgess et al. 24’

¢ Black Holes Goldberger, Rothstein 06’, lvanov, Zhou 22’, Jakobsen et al 22’
® Hydrodynamics Liu, Glorioso 18’

¢ Driven-dissipative systems Kamenev 24’, Sieberer 18’
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Questions

e Full EFT on the Schwinger-Keldysh contour is very general. What are the possible reductions?
* How to make use of symmetries? Akyuz, Goon, Penco 23’
e Can one avoid using Schwinger-Keldysh formalism?
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Outline

2. EFT on the Schwinger-Keldysh contour
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Geometric setup

Symmetry of choosing the coordinates on the (compact) group G

G, Gy] = %G

The element of the group and the Cartan form

Q=g 'dg = Q; (q)dq’ G

Invariant dynamics of the system with covariant derivatives

9(q) = 9(@) =g 9(a) = Ssys = Seys[Deq’] = Ssys[25(0)¢”]
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Bringing in the bath

Total action for the body+bath

S‘wt(qa X) = Ss\s(@') + Sbutll(X) + V(Q} X)

Interaction breaks the symmetry

GxG—-G = V(g,x) :U(q)VXUT(q)

Peter—Weyl theorem

)= Usa (9O, (x)

raa’

(basically a Fourier transformation)
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Case study

¢ Group I150(2) with two translation generators Px, Py and a rotation generator J:

[ijpy]:(], [Px,ﬂ = —Py, [Py,J}:

Parametrization of the form

g(X’ Y’ @) = eXP(\’ +Y Py e(‘)J : g(q) §é eq"-G.a;

Covariant derivatives

D:X = Xcos®+Ysin®, D;Y=-XsinO+Ycos®, DO=06

Dynamics of the particle

o
3

M
Sparticle:/ 5 (X*+Y?) +
t
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Case study

Bath of free (spinless) fermions

S A
Shath = / ! (aaf - —) Y
. 2m

Interaction of the denisty p = 7+ with a "fluffy" particle

; =
£
2

V:/ pV, V 2 d&1d& e ang 2"?5(1‘—}_{—&11;-)
t,r — o0

R

Peter-Weyl theorem:

V=) Vi(a®)) p-x(t)
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Schwinger-Keldysh Formalism

Ordinary path integral ¢

Z[J} =/ qutb[tﬂ—i—uq’ (Tq(t)q(t2)...) =

57 (t) 107 (t2)

. Z[J]

Double-time Schwinger 60°,61°, Keldysh 64’

' = i . : ) )
Z[J+] = [ DqyDg_ePlarl=Slal+itrar=id-q— t1)gltz) ... ) = - : e
{ i} /p q+L/q <Q( ])Q< ) > Z(Sv]j:(tl) ’l(SJj:(tg) [ i}

Keldysh rotation q+,q- — q,¢

I~"¢ +q-7
G~"g—q
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|ocalization

* High temperature makes excitations gapped:

B—0 = (O)O0))et < e ™ A~' — relaxation time
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Integrating out the bath

In the partition function integrate over the bath degrees of freedom (V' ~ >~ U(q)O(x))

1

6if[f}+,q_} v / DX+DX_€-?,S[><+]+?«V[Q+,X+]*(+**) ~ 14+ E / Z Epliy <O:|:Oi>p¥ =
Jp . t+ i =

X

For the particle in Fermi gas (Kamenev 24)

oiTlasa-] _ / DYDF SWHHVIar b 1=(=) o gt (@1 — V)

Pa

Perturbative expansion

1L =trGV — %tr GVGV + %trGVGVGV A s
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|ocalization

High temperature makes excitations gapped:

B—0 = (O)O0))et < e ™ A~" — relaxation time

For Fermi gas exponential decay only after integrating with the potential

T 22 . 22 v
[ T I L
k

Derivative expansion Nicolis "11

2

I(OW)O(0))ret) o ~ w (@B,Gb + K—;gs,ab + O((w/f\)’l)>

Page 13/25



Influence functional

Derivative expansion in w translates into ultralocal expansion in time. Schematically

(0+0+)p, () ~ %Qo 6(t) 4+ #000' (t) + #000(t)8'(t) + ...

Influence functional

IM%Q—]“]l/‘ Y U(qe)U(g){0+04),,

2
+

Covariant classical-quantum split

1t = 1%e™Y — T = 1(4,4, D:d)
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Gaussian Order

® |nfluence functional at Gaussian order

T, (Y . S T
Ilgd| = /dt(g’mq ¢ — 274 th")

® Hubbard-Stratonovich transformation

74[';& ‘ 7[‘4.-1272“
go LR /D&e !tJ_.qf i£q

¢ Langevin equation (for simplicity, for one d.o.f.)
(0(2)) = / Dge™ T / DgDGO(g)e > T / Dge™7° / DgDGO(@)5 (§++i~¢)

q+7q=£@1), (ER)EEX)) =T -1
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Gaussian order

¢ |nfluence functional at Gaussian order (once again)

e B
Zlg.d)| = / dt(gmq ¢ — 274 quj)

Dissipative coefficients in terms of a function on the group

vij = —m 0;0j00(0), oo(q) = Z Uab(q) 00, ab

rab

Power counting for ¢
T ~q

— ]

h2

e Power counting for g (in the overdamped regime)

1q i
h Yw
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NNLO corrections

* Next to next to leading order
1

m At ~] Ak

—_ A . AL AT A 4 ™" AJA ~k
Tlg, ql| = mmq &35 G + (= spijre+=YimC 5 C% ) §°¢ 6° D —vim O '@ G
NNLO . 3[3 3 3

with new couplings
Wijki = —T 0;0;0,100(0)

® Power counting
52,372

i . q - ﬁz(.u' 1 9 2 ,
bt~ 2 | dtuPDig~ 2.2 VGG ~ s
/ g / il e / R
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Higher derivative corrections to the noise

* Higher derivative corrections to the noise
4 ' . . N DS -SRI e e e T 2559
A dssieni= ’LW / { [— 2 i501 + "YCC" | @ qutqutql + ["’700”}(} qJthk + ¥2,:59 qj}
i

where

5 BN :
¥2,i5 = V2,45 + %'}’ij : Y2,i5 = —m0;0502(0)
2

f2,55k1 = M2,ijk1 + %Mmkz : M2,ijkt = —m0;0;0,0102(0)

¢ As important as the non-Gaussian contributions whenever SA >> 1, and typically larger
whenever SA << 1
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Higher derivative corrections to the dissipation

Correction to the dissipation

1 . ] 1wl At —7 —K =t
Alaiss = 733 /{[Quz,z’.jkl + "2CC”| ¢ Do D" Diq
Ji

+ ["2CC7]§' Di@’ 3 Deq" + 272,154 07 D@’ }

Suppressed only by A

Maodifies the classical equations of motion with terms of cubic order in velocities and terms with
velocity derivatives in the friction force Van Kampen 86’, Plyukhin 03’
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Higher derivative corrections to the dissipation

Correction to the dissipation

1 . ] 1wl At —7 —K =t
Alaiss = 733 /{[Quz,z’.jkl + "2CC”| ¢ Do D" Diq
Ji

+ ["2CC7]§' Diq’ 8: D" + 272,1;4"0; Dt@j}

Suppressed only by A

Modifies the classical equations of motion with terms of cubic order in velocities and terms with
velocity derivatives in the friction force Van Kampen 86’, Plyukhin 03’
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DKMS

DKMS symmetry Kubo 57’, Martin, Schwinger 59’

ait) =g, (-t+iB/2), ¢’(t) =g (-t—iB/2)

At high temperature the relations localize

/7 —7 74! 3,\ !
G_J(t):qj(t)+%q%t)+...

Take I = [, 871 ai;G'¢ +bi;@" De@ + . ..
At Gaussian order recover the fluctuation-dissipation theorem:

T / (B~ 4ivi54' ¢ — 2vi;4° D)
t
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Ohmic reduction

At higher orders

+= /( o+ B @ @656 + Bijud @ 65 Did
t

oIy 5DijquAiquDt(jthgl + BzEz-jkgcj"'ththg’“Dtgl + other terms linear in (j“),

The symmetry relates coefficients of different terms, for example

: 9 9 % L 1 9
Bk = 1Az‘jm OO, Eijer = EDi(jk;L) I gA?;jm + "yCC

Ohmic reduction: set to 0 higher order terms linearin § =— A, B, D expressed in terms of one
tensor v |
Vijkt = V(i) (kl) = V(kl)(ij)
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Spherical particle in the Fermi gas

® Gaussian noise .
o [ digo
(Gauss, noise Jt d

Higher derivative correction to the noise

i : 1 2X2
AInoise X WNgz/dt{ 5 (1+ ﬁ4

Symmetry of fi;;xi

Beyond linear response

7 5%
ALhg, fluet X Wg"/dt{
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Classical Model

e (Classical model Besharat, JR, Sibiryakov 23’, Caldeira-Leggett 81’

1
2

S[Qa X] — Ssys[Q] I Sa [X; Q] — /dtL(DTQ) I / dtdz *’YijnuuD,uXiDr/Xj 3
; J2>0 '

with fields x satisfying the boundary condition

e Equations of motion in the bulk have a solution

x'(t,2) = x'(t — 2)

e Equations of motion on the boundary
d 0L 0L

b Ml = A QP () () B = v () ()"
At aql 6@'2 Vil .!(X) n.(X) X - Ykl L(Q) Tb(q)q
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Conclusions and Outlook

Conclusions
e Effective description of the dissipative dynamics for a mechanical system with symmetry G

® Linear response + G > DKMS
® | arge-N suppression of the beyond linear response
e Dual description for the ohmic reduction
Outlook
® Coset construction
Zero temperature
Field theory
Computing observables via the bulk
Applications (mechanics, hydrodynamics, dissipative CFTs....)
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