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Motivations

Strongly-coupled systems described by Quantum Field Theories.
Possible applications: Condensed Matter Physics.

Example:
Two-point function +— Conductivity
. G w, k
Gl ) = 000~ Pl hl)) ole) ~ 2

|
How do we compute the two-points function?
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Gravity /Gauge correspondence

Weak /strong coupling correspondence
Bulk: Asymptotically Anti-de Sitter spacetime (AAdS)

Bulk Fields +— Boundary Operators
F ~pTfoy+ -+ @)
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Gravity /Gauge correspondence

Weak /strong coupling correspondence
Bulk: Asymptotically Anti-de Sitter spacetime (AAdS)

Bulk Fields +— Boundary Operators
F ~pTfoy+ -+ @)

foy <— source for the dual operator O.
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Matching Fields/Operators

gy  —  (Tw) = 7 2%

V)= ——w
M /80 98

(0) Iz
Al < (") = () = 1 5.(?0)
V T 8(0) 0A,
b(0) — (Op) = 1 éS
(Og) = ——=75
8(0) 99(0)
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Why do we need renormalization in AdS/CFT?

Heuristic argument:

S~ /dd+1 G(R+2N)+ -+ ~ VoI(M) + ---
+
The action itself is divergent o0

Infrared divergences in the bulk — Ultraviolet divergences for the QFT
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2-+1 dimensions - Vector Field coupled to BTZ black hole

T. Andrade, M. Bafados, R. Benguria, A. Gomberoff The 2+1 charged
black hole in topologically massive Electrodynamics (2005) arXiv:

hep-th/0503095v2

Maxwell and Chern Simons term for the U(1) Vector field

S = toag JudPxdp V=G(R+2— 5 FunFMN) — 5 [, d®xdp MNP Ay Fp
1
+167rG3 faM d’x \/=72K.

Rejecting the solution that diverges at the boundary (A, ~ r®) we can
find only a BTZ black hole with Coulomb charge C=0.
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2-+1 dimensions - Vector Field coupled to BTZ black hole

T. Andrade, M. Bafiados, R. Benguria, A. Gomberoff The 2+1 charged
black hole in topologically massive Electrodynamics (2005) arXiv:

hep-th/0503095v2

Maxwell and Chern Simons term for the U(1) Vector field

S = ok Ju Pxdp VEG(R+2— SFunFN) — 5 1k [y d>xdp MNP Ay Fup
1
+167rG3 faM d’x \/=72K.

Rejecting the solution that diverges at the boundary (A, ~ r®) we can
find only a BTZ black hole with Coulomb charge C=0.

|

Which is the dual theory of this Can we restore a charged BTZ

system? using Holographic
Renormalization?
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The procedure: Action and Equations of Motion
AAdS in D = d + 1 dim. (Graham-Fefferman coordinates):

d 2
ds® = GyndxMdxN = sz + Yy dxtdx”
p

Yuv(p, x) = M, Boundary: p = 0.
o

1
I= 167Gp

/ dxdp V= G(R+d(d—1)+...)+ /3 dx vV=72K,

1
167 GD

K = second fundamental form.

. 0S 0S
Einstein egs: SCMN = 0, (Maxwell egs: SAM = 0,- )
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The procedure: the Radial Behaviour

Generic Field

Flx,p) = p" (f(o)(x) + 2y (X) + oor + P"Fam)(X) + 0" 10g p Fiamy(x) + )

fory(k < n), ?(2,,) algebraically determined by f(o) (using eom)
fny  undetermined.
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The procedure: the Radial Behaviour

Generic Field

Flx,p) = p" (f(o)(x) + 2y (X) + oor + P"Fam)(X) + 0" 10g p Fiamy(x) + )

foky(k < n), fon)  algebraically determined by fioy (using eom)
fny  undetermined.

The metric
gw= & +rg+ +p? gD +p?logp h) +
{ il
source VEV

Tr(gay) =, Vg =
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The procedure: the Regulated Action

Radial cut-off: p > ¢

S dxdp V=G(R+d(d —1) +...) +

p>e

-|-/ d¥x /=2K =
p=¢e

rad l)eh.

sol. d9x —8(0) [5_d/2(a(0) +eap) + - ) TP
p=¢

+a(2q) loge + O(%)]
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The procedure: the Counterterm Action
We translate back, using the boundary fields:

fio) - F

g =

Sct|F, €] = —divergent terms of (S,eg[fi0)[F], €])
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The procedure: the Counterterm Action
We translate back, using the boundary fields:

fio) - F

g =

Sct|F, €] = —divergent terms of (S,eg[fi0)[F], €])

5subl:]:, 5] = Sreg[]:, 5] + Sct[]:’ E]

|
SRen = lim Ssub
e—0
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The procedure: Renormalized Operators

(Tos) = —2  0SRen _ lim 1 —2 0Saub
uv) = \/?(0)5&!6’)’ T 50 8d/2—1\/__75,-)//w

(JHy = 1 05Ren _ lim fle) 1 8Saub
v/ —8(0) 5A§LO) e—0 gd/2 \/__,Y (SA#

B () = el S

<J ( )J (Y)> —g(o)(}/) 6A£0)(y)
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Check: Ward ldentities

1 v
05Ren = /ddx (‘5 T 08 + JHSAQ) .. >

Weyl transformations Boundary Diffeomorphisms

e = 20¢, 6e =0,
%80) = 27&() Sglpy = —(V"€" +V"¢"),
(Tr(T))=---+ A <V”THV>:...
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2+1 dimensions - Vector Field coupled to gravity
Maxwell and Chern Simons term for the U(1) Vector field

S = forg JudPxdp V=G(R+2— §FunF"N) — § 35l [iy d*xdp MNP Ay Fip
+1671rG3 Jom d°x V=72K.
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2+1 dimensions - Vector Field coupled to gravity
Maxwell and Chern Simons term for the U(1) Vector field

S = forg JudPxdp V=G(R+2— §FunF"N) — § 35l [iy d*xdp MNP Ay Fip
+167}-G3 Jom d°x V=72K.

—20r0,(vV—gg"" A,) —act”Fu, = 0,
K

2k0,(v—gpe"’ A,) + an(v—ngug“g“”) +2ae A, = 0,

laﬂ " 1a/3/ NS 1 K oy B8
58" 8ap T ;878318 850 T EFQB F\sg®g = 0,
Vg0 — Vue*els) — g ALFs = 0,

Ruvlgl — 2p8]), + & (8% 8ls) — p81., (877 8ls) + 208,08 85,

K

+rgun (207 AL AGEP + fFangsg“”g“) — 2kp? AL AL + > PFua Fsg®® = 0.
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The BTZ black hole and the exploding vector field

Banados et al.: radially symmetric solutions.
We want functions also of the boundary coordinates.

for the radial expansion (0 < o < 1/2)

Gu = 89 +rg) +plogp hE) +p 2°‘+1g,(w) + p2a+1gf$’ + oo

A§?>+pA§3)+p"Ag)+p A+ plogp B+ ..

>
=
|
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Solutions

pyo
F(o) = 0,
(KJ\ / —g(o)g(lg)/ + E#V) A(V:t) =S 0,
+ t) o
AP AT ger = 0,
AEO)
Trg(2) = — 2() —|—2K) 2A(+)A( )g( 0)
Tl’h(2) = 0,
Trg(i) = 0.
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Present status and future work

1 S (=) A=) X
Sreg = m/pzadzx —g(0)|:25 =2 (—naA(, Ay &(0) +

1 _
+(4a — g)Trg(,)) + loge (Trg(z) — 4no¢2A£,+)A()\ )g(%f‘) + O(£).
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Present status and future work

1 - —2a (=) A(5) jox
Sz = m/pzadzx —g(0)|:25 1472 (—naA(, A/\ &(0) +

1 _
+(4a — g)Trg(,)) + loge (Trg(z) — 4no¢2A£,+)A()\ )g(%f‘) + (9(50).

Future questions:
e which are the correct covariant counterterms?
e is the system renormalizable even with AEL_) #0 (<= C#0)?
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