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Hydrodynamics

Hydrodynamics = EFT for many-body systems near equilibrium at

finite temperature.

Global symmetries ) IR/slow variables: locally conserved charge

densities, ⇢.

global equilibrium

local equilibrium

large wavelength

� ⌘ k
�1

perturbation

relaxation over

long time ⌧⇢(k):

limk!0 ⌧⇢ = 1

!(k) ⇠
�i

⌧⇢
���!
k!0

0
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Quasihydrodynamics

IR UV⇢ p

cut-o↵

hydrodynamics

cut-o↵

quasihydrodynamics

. . .

lim
k!0

!(k) =
�i

⌧p
6= 0

Densities of approximately conserved charges 2 p

weakly-broken symmetry
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(Continuous) higher-form symmetries

0-form symmetry (d=3): @µjµ = `j̃

tò
= 0 ` 6= 0

7

André Pinheiro
Gaiotto, Kapustin, Seiberg & Willett, ´15



(Continuous) higher-form symmetries

0-form symmetry (d=3): @µjµ = `j̃

tò
= 0 ` 6= 0

1-form symmetry (d=3): @µj [µ⌫] = `j̃⌫

⑭t n--
~

` = 0 ` 6= 0
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Higher-form symmetries and holography

(p�1)-form symmetry: d ⇤ j = 0 • j 2 ⌦p(@AdS)

S̄[A] : A ⇠ A+ d⇠ •A 2 ⌦p(AdS)
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Broken higher-form symmetries and holography

Approximate (p�1)-form symmetry:

⇤d ⇤ j = `j̃

• j 2 ⌦p(@AdS)

• j̃ 2 ⌦p�1(@AdS)

• ` ⌧ 1

S[A, Ã] : (A, Ã) ⇠ (A, Ã) + (d⇠,⇥⇠)

• A 2 ⌦p(AdS)

• Ã 2 ⌦p�1(AdS)

• ⇥ = ⇥[A, Ã]
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Broken higher-form symmetries and holography

Approximate (p�1)-form symmetry:

⇤d ⇤ j = `j̃

• j 2 ⌦p(@AdS)

• j̃ 2 ⌦p�1(@AdS)

• ` ⌧ 1

S[A, Ã] : (A, Ã) ⇠ (A+ d⇠, Ã+⇥⇠)

• A 2 ⌦p(AdS)

• Ã 2 ⌦p�1(AdS)

• ⇥ = ⇥[A, Ã]

theory of a single massive p-form B

asdsa with mass squared m
2
⌧ 1 asdsa

linearisation

) approximate symmetry
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Massless p-form (d � 2)

Poincaré patch of AdSd+1: ds2 =
dr2

r2
+ r

2⌘µ⌫dx
µdx⌫

S̄reg =

Z
dd+1

x

p
|g |

Fa0...apF
a0...ap

p + 1
� S̄ct

S̄ct =

Z
ddx r �̄+1


Frµ1...µpFr

µ1...µp

1� �̄
+

r
�4

p + 1

Fµ0...µpF
µ0...µp

�̄� 3

�
+ . . .

where Fa0...ap = @[a0Aa1...ap ].

�̄ ⌘ d + 1� 2p

0  p  d � 1
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Holographic dictionary (�̄ ⌘ d + 1� 2p � 2)

Oj 2 ⌦p(@AdS) conserved current: d ⇤ hOji = 0

Double-trace deformation: M1
R
Oj ^ ⇤Oj

O
a
2 ⌦p(@AdS) hO

a
i ⇠ hO

a
i+ d�

Goldstone of spontaneously broken

higher-form symmetry: d⇤h⇤dOa
i = 0

Double-trace deformation: M2
R
dOa

^ ⇤dOa

Standard

Quantisation

Alternative

Quantisation
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Holographic dictionary (�̄ ⌘ d + 1� 2p < 2)

Oj 2 ⌦p(@AdS) conserved current: d ⇤ hOji = 0

Double-trace deformation: M1
R
Oj ^ ⇤Oj

O
a
2 ⌦p(@AdS) hO

a
i ⇠ hO

a
i+ d�

Goldstone of spontaneously broken

higher-form symmetry: d⇤h⇤dOa
i = 0

Double-trace deformation: M2
R
dOa

^ ⇤dOa

Alternative

Quantisation

Standard

Quantisation
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Finite temperature holography

Isotropic AlAdS black brane:

ds2 =
dr2

f (r)
� f (r)dt2 + r

2�ijdx
idx j

• T = f
0(rh)/4⇡

• xµ ⌘ (t, z , xA)

• kµ = (!, k, 0, ..., 0)
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�̄ = d + 1� 2pdeformation
temperature

Oj

O
a

k ⇠ " ⌧ 1
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scalar: p = 0 ) �̄ = d + 1
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1-form: p = 1 ) �̄ = d � 1
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electric-magnetic duality =

�̄ $ 4� �̄
�

Oj � O
a

�

M̂1 $ M̂2
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Massive p-form (d � 2)

Sreg =

Z
dd+1

x

p
|g |


(dB)a0...ap(dB)

a0...ap

(p + 1)!
+m

2Ba1...apB
a1...ap

p!

�
+ Sct

Sct = ��

Z
ddx r��3Bµ1...µpB

µ1...µp

p!
+ . . .

where

�± =
�� 3±

p
(�� 3)2 + 4m2

2

� ⌘ d + 3� 2p

0  p  d
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Holographic dictionary (� ⌘ d + 3� 2p > 3)

O� 2 ⌦p(@AdS)
approximately conserved

current: d ⇤ hO�i ⇠ O(m2)

Double-trace deformation: M�
R
O� ^ ⇤O�

O+ 2 ⌦p(@AdS)
pseudo-goldstone:

d ⇤ h⇤dO+i ⇠ O(m2)

Double-trace deformation: M+
R
O+ ^ ⇤O+

Standard

Quantisation

Alternative

Quantisation
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Holographic dictionary (� ⌘ d + 3� 2p < 3)

O� 2 ⌦p(@AdS)
approximately conserved

current: d ⇤ hO�i ⇠ O(m2)

Double-trace deformation: M�
R
O� ^ ⇤O�

O+ 2 ⌦p(@AdS)
pseudo-goldstone:

d ⇤ h⇤dO+i ⇠ O(m2)

Double-trace deformation: M+
R
O+ ^ ⇤O+

Alternative

Quantisation

Standard

Quantisation
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� = d + 3� 2pdeformation
temperature

O±

� < 3

O⌥

� > 3

O⌥

k ⇠ m ⇠ " ⌧ 1

1  p  d � 1
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massive duality =

� $ 6� �
�

O± � O⌥
�8

<

:
M̂+ $ m

2
M̂�,� < 3

M̂+ $ m
�2

M̂�,� > 3
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“strong/weak coupling” duality =

O± $ O⌥
�

M̂± $ 1/M̂⌥
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Thank you!


