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CFT correspondence

Non-linear fluid dynamics from gravity

The AdS/CFT correspondence

M_|nkc-visi<|____ AdS
The AdS/CFT correspondence
relates the type IIB string on
AdSs x S° with a stack of N
D3-brane to a dual to an
SU(N) gauge theory,
3 + 1-dimensional on AdS
boundary. Such a theory will
be an A4 =4 CFT.
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Non-linear fluid dynamics from gravity

Gauge theory
e Gauge group SU(N)

e 't Hooft coupling constant

o String lenght ¢ = /o'
@ String coupling g

o AdS radius R \ = g)Q/MN
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The AdS/CFT correspondence

Non-linear fluid dynamics from gravity

Non-linear fluid dynamics from gravity

We start with a black brane in AdSj

ds? —r? f(br)dt* + + 126, jda’ dz?
r2f ( r)
ol
f(r) 1— vy

Performing a boost and a dilatation we get a “boosted black
brane”
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The AdS/CFT correspondence

Non-linear fluid dynamics from gravity

Non-linear fluid dynamics from gravity

We start with a black brane in AdSj

2
ds* = —r?f(br)dt* + dr + 126, jda’ dz?
r2f(br)
ol
flr) = 1—74

Performing a boost and a dilatation we get a “boosted black
brane”

dr? v
ds® = W + TQ[—f(bT)uuu,, + P, )dxtdx

- (1—ﬂ2)_% ui:Bi(l_BQ)—%
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/CFT correspondence

Non-linear fluid dynamics from gravity

It was shown that promoting b and 8 to local function

b — b(z")
Bi = Bi(z")
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The AdS/CFT correspondence

Non-linear fluid dynamics from gravity

It was shown that promoting b and 8 to local function
b — b(z")
Bi — Bi(z")

and imposing Einstein’s equation for the new metric you get
exactly the linearized Navier-Stokes equation for a perfect

fluidvinwalla et al., 08]
(%b = 80/81
0; 51 = 30pb

It is possible to work a more general frame, promoting Killing
vectors parameters to local.q.c.q., P.A. Grassi, A. Mezzalira, 11]-
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Non-linear fluid dynamics from gravity

Calculation technology

Coeflicients computation

Perturbative expansion
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e B.H. metric g (z*)
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Non-linear fluid dynamics from gravity
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Non-linear fluid dynamics from gravity

Calculation technology

Coeflicients computation

Perturbative expansion
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Non-linear fluid dynamics from gravity

Calculation technology

Coeflicients computation

Perturbative expansion
e B.H. metric g (z*)
e b—=b(zt), B— B(z*)
o Impose Einstein’s egs.
Guw =0

o Constraints on b e 3

@ Metric “corrections”
o Extrinsic curvature

o Boundary stress-energy
tensor
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Non-linear fluid dynamics from gravity

Calculation technology

Coeflicients computation

Perturbative expansion

) @ Metric “corrections”
e B.H. metric g (z*)

o b—b(zh), B— B(zh) o Extrinsic curvature
o Boundary stress-energy

o Impose Einstein’s egs.
tensor

Guw =0 _ _
o Constraints on b e 3 e Exact fluid-dynamics

coefficients
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/CFT correspondence

Non-linear fluid dynamics from gravity

Dictionary

Fluid dynamics
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The AdS/CFT correspondence

Non-linear fluid dynamics from gravity
m

Dictionary

(Super)Gravity

Fluid dynamics

e b — B.H. temperature o Fluid temperature
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Non-linear fluid dynamics from gravity

Dictionary

(Super)Gravity

Fluid dynamics

e b — B.H. temperature

e [ — Black hole boost
velocity

o Fluid temperature

o Fluid velocity

Note that both b and B; are obtained promoting Killing vectors
parameters to local.
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Non-linear fluid dynamics from gravity

Dictionary

(Super)Gravity

Fluid dynamics

e b — B.H. temperature

e [ — Black hole boost
velocity

o Fluid temperature
o Fluid velocity

o Navier-Stokes eqs

. .
o Einstein’s egs. (strongly coupled)

(weakly coupled)
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Non-linear fluid dynamics from gravity

Dictionary

(Super)Gravity

Fluid dynamics

e b — B.H. temperature

e [ — Black hole boost
velocity

o Fluid temperature
o Fluid velocity

o Navier-Stokes eqs

. .
o FKinstein’s egs. stronelv coupled
gly p

(weakly coupled)

o Other conserved q.ty

o Other zero modes

Note that both b and B; are obtained promoting Killing vectors
parameters to local.

Lorenzo Giulio Celso Gentile Based on arXiv: 1105.4706



Black hole superpartners

uations

Black hole superpartners

AdS5 is provided with 8 Killing spinors that solve the Killing
spinors equation

1 1
dEO + Zw%lzisrabﬁo + iezdsraﬁo =0

If we insert this €y into the same equation with wy ;. and ej, we
e .
get gravitino’s Va‘rlatlon[Sabra et al. 98, Sabra et al. 99, Sabra et al. 05]

1 1
deg + ng_%_rabﬁo + §eg_h_I’a60 #0
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Black hole superpartners

uations

Black hole superpartners

AdS5 is provided with 8 Killing spinors that solve the Killing
spinors equation

1 1
dEO + Zw%lzisrabﬁo + iezdsraﬁo =0

If we insert this €y into the same equation with wy ;. and ej, we
e .
get gravitino’s Va‘rlatlon[Sabra et al. 98, Sabra et al. 99, Sabra et al. 05]

1 1
deg + ngl}z_Fabeg + §e§.h_f‘aeo =6
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Black hole superpartners

quations

Once we decompose in components the Killing spinor equation
we obtain

1
(S'(/}T = 8r€+ m

_ 1 _ [f2 . M
(W)t—@te—&-QFt |:(7" T3)FT+ f +7"2:|€
1, 1 "
6%:%6—1—761- Iy | — f2+fl—‘r+1 €

2 T 72

that can be simplified using the identity for AdS spinor and
expanding over u = 0

T e
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Black hole superpartners

Once we decompose in components the Killing spinor equation
we obtain
1

(51/}7‘ = 87“6 + mrrﬁ

— 1 _ [f2 . M
(W)t—@te—&-QFt |:(7" T3)FT+ f +7"2:|€
61/Ji—V16+26 Fb[ P+ F+1]

that can be simplified using the identity for AdS spinor and
expanding over u = 0

1w 1 1\ p
p = laTre 0y =Ty (—-Tot o2 ) 5
6¢ 4f37‘2 € 6¢t 2 t( 2f> 26
oA
= Tl
6¢Z 4f 1+ 7T 26
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G itino Variations
Correction to metric
Correction to Navier

Black hole superpartners

Correction to metric

In this way we can work out
629 = Re (el'(,6¢,))

That reads
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UU() Variatic

to
q \\1

Black hole superpartners

s equations

Correction to metric

In this way we can work out
629 = Re (el'(,6¢,))

That reads

1 2u

2
2 2

2
(55 g’I”T - 2f2

02g = HAK;

and all other zero, where we have defined

~ )
A=¢ele, N =nin K; = UT%U and where € are 2—dimensional
Majorana (real) spinors and 7 are spinors for the sphere.
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no Variations
Black hole superpartners o Y ariarions

Correction to Navier-Stokes equations

Correction to Navier-Stokes equations

Once we impose Einstein’s equation we get the constraints
(large r limit has been taken)

(8161 — 3301)) + % (wiai/\ + Nao)\) =0

1
((90,81 - 3811)) — 5 (N@z)\ + 3w180)\) =0
where w; = €;j,w;1, and wy; a 3—dimensional antisymmetric matrix
of parameters.

Note that the compatibility condition is

N2 = Swlwz
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Future development

Future development

The next step to take is compute full metric at first order and
then the stress energy tensor using Brown and York

prescription[Brown7 York 93]-
We define the constraint that foliate the spacetime at constant r:

P=r—c=0

with ¢ € R.
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Future development

Future development

The next step to take is compute full metric at first order and
then the stress energy tensor using Brown and York

prescription[Brown7 York 93]-
We define the constraint that foliate the spacetime at constant r:

P=r—c=0

with ¢ € R. The outward pointing normal vector to the
boundary OM,—. is defined as

o ®

ny = —F/————
\/gRSORCI)&g@
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Future development

Using nps we can define the boundary metric ~:

AYMN = gMN — NMNN

In order to obtain a 4—dimensional metric we have to eliminate
from 4 the column and the row corresponding to 7:
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Future development

Using nps we can define the boundary metric ~:

AYMN = gMN — NMNN

In order to obtain a 4—dimensional metric we have to eliminate
from 4 the column and the row corresponding to 7:

Yrt

Trj
YMN = Vir

Yir T
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Future development

Using nps we can define the boundary metric ~:

AYMN = gMN — NMNN

In order to obtain a 4—dimensional metric we have to eliminate
from 4 the column and the row corresponding to 7:

YMN =

In a similar fashion we calculate the extrinsic curvature © /n
and then ©,,:

1
OuN = —3 (Vunn — Vina)
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Future development

Finally we can define our (boundary) stress energy tensor

aS[Balasubramanian, Kraus 99]

1 1
THY OM _ @~V _ 3V
8rG < 7 7 2 )
where O is defined as the trace of ©*” and G* is the Einstein
tensor build from v#*¥. Note that we set Raqg = 1.
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Conclusion

Conclusion

The present work opens up to several new generalizations:
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Conclusion

The present work opens up to several new generalizations:

o Instead of taking as local functions only the bilinears, one
can promote the fermions themselves to be local functions
of the boundary coordinates. In that case, one needs to
study the constraints coming from the Rarita-Schwinger
equations in the same spirit as done in work on Minwalla et
al.
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Conclusion

Conclusion

The present work opens up to several new generalizations:

o Instead of taking as local functions only the bilinears, one
can promote the fermions themselves to be local functions
of the boundary coordinates. In that case, one needs to
study the constraints coming from the Rarita-Schwinger
equations in the same spirit as done in work on Minwalla et
al.

o What is the form of the complete metric transformation?
Compute it up to fourth order is the only way to obtain the

full stress energy tensor.r, q.c.q., P.A. Grassi, A. Mezzalira]
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