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Main goal
Determining the holographic dual of a specific subset of 4-derivative
N = 2 low energy effective actions of gravity in 4D.

Holographic principle postulates that d.o.f. of quantum gravity are
encoded in a lower dimensional CFT.

e AdS/CFT - Quantum gravity in asymptotically AdS spacetimes given
in terms of dual CFT on their boundaries.

e Extremal static near horizon backgrounds factorize into AdS, x S2.
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Difficulties associated with AdS,/CFT; description:

e Pure AdS, gravity does not allow finite energy excitations
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Difficulties associated with AdS,/CFT; description:

e Pure AdS, gravity does not allow finite energy excitations

One way of proceeding is using NAdS2 /nCF Ty [Almheiri, Polchinski '15;
Maldacena, Stanford, Yang '16] — breaking conformal symmetry and taking
non-trivial profile for the scalar field.
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Difficulties associated with AdS,/CFT; description:

e Pure AdS, gravity does not allow finite energy excitations

One way of proceeding is using NAdS2 /nCF Ty [Almheiri, Polchinski '15;
Maldacena, Stanford, Yang '16] — breaking conformal symmetry and taking
non-trivial profile for the scalar field.

— Constant scalar field [Cveti&, Papadimitriou '16]
e holographic stress-tensor vanishes identically

e dual operator to constant field is non-trivial and transforms
anomalously

e microstates accounting for black hole entropy survive and should be
related to the expectation value of the dual operator
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Theory

Four derivative, N' = 2 low energy effective actions in 4D obtained from

CY3 compactification of superstring theory
[Cardoso, de Wit, Mahapatra '07]

e Gravity coupled to Abelian gauge fields and scalars;
e Extremal static near horizon backgrounds;
e BPS configurations.
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Variational principle

@® Variational principle with R? terms and holographic renormalization
Holographic renormalization
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2D effective action
4D metric given by ds? = ds,? + wdQ? = hijdxidxj + vodQ?

4D background supported by e/, p! together with constant fields
X! A = —4w? and a holomorphic function F(X', A). We set

@4:n(X¢pﬂWE).

Ricci scalar splits into

2 2
Ri=Ry— =, Ry=—.

V2 Vi

Locally, can use FG gauge:
dsy? = dr® + hypdt? ., V—h = a(t)e/V + B(t)e V"
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2D effective action

Obtain 2D bulk Lagrangian F = F1 + F» with Ny = —i(Fjy — /:_/J),
Y= 1woX!, T=—-1wn? |wl*

v—h _
% I—NIJ[ V—ha/vp) 7! e'e’ v—22 PIPJ} - Tll(FIJ + FIJ)GIPJ

+Lie! [F, + R,V - h.c.}

N %%p' [F, —F,Y +h.c.} ,
%-7:2:\/4_,—(?, Y’F/)‘/vz_h(l—-V2R2)
+ /T {F Y'F = 2TFr + 3F, YY) — h~C~]
e~ Fr) Y2 [002 18— 32 R 4 32— (b R+ VT,
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2D effective action

Take Legendre transfomation w.r.t p/ to make electric-magnetic duality
manifest H(e', f;) = F(e',p') + p'f

Ny + RucNKERy —2RiNKI] (e
—1( /— e 1 IK LJ IK
=2 (V=ha/v2) [ —2N'K Ry an" f)

) o () e ()
—v/—h2 F(R2)
N vV—hy { 8i
%] \/71‘
—2i(T Fy — TFy) +8TT Fr N Fr,
+ 2T Fr NP (Fy = Fo ') + 2T Fry NP (Fy — Fu Y

+ 2i(Fy — Fr) (32 - 8ﬂ>} :

(Y'F = Y'F) = 2i(Y'F - Y'F)

‘(Rz) (YI‘I—YI‘I) (‘ ‘l) 2 52
= R> — R5s — Ry —4vo Ro v/ =T .
; \/7 » |:8V2 2 32v: % :|
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Variational principle

@® Variational principle with R? terms and holographic renormalization
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Dynamical fields: hj, AL A;, Y, T, v

el = FL=0,Al —0.AL £ =Gy =0,A — DA,

Steps to take into account

@ Add counterterms to impose Dirichlet boundary conditions at
r— oo.
® Renormalize Ai and A;; to preserve symplectic structure.
[Papadimitriou '10]
[Cveti¢, Papadimitriou '16]
[Castro, Larsen, Papadimitriou '18]
[Castro, Miihlmann '20]
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Variational principle for A" and A,
Take Al = A, = 0 gauge. E.O.M. imply

() s G (= 2emen) ()= (5)

with f;,e! o< \/—hy = leading mode is the one o a(t).
For the canonical momenta we have 7, = —q; and #/ = p/.

Add counterterms

/ dt (W/Ai +7~71At1) + 5 (7%7?’) —I—/ dt (W/Aien’ +7"r’,§§e,n) ,

inducing the canonical transformations

()~ G =) () () = (2 7)
) Asen! A=\ # Aren Ay -2 )"
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Variational principle for F(R»)

Recall FG gauge

Define hj; = ~;; + nin; with nidx" = dr. Extrinsic curvature is given by
. . 1
K = h Ky = h'y*Vin; = 0, log \/—hy ~ N @ (e‘”/ﬁ) .
vi

Using F"(Rz) = 32i (FT — F'T) vo» we write the action+counterterms as

64i _
/ Vhd?x [—F(Rz)]+/ dtv/ = [2F (R)K + 22 (Fy — Fr) (waR2 — 2)
M oM GHY . 0 hell
=0 on—she.
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Boundary action

Our boundary action is

64i _
S1 :/ dt/ —’7{2F/(R2)K + > (F’r — F’r) (V2R2 . 2)
oM —_—— VvV S —
GHY =0 on—shell
+ 1 ( ,.,,) 4NIJ 2NIKRKJ Wi
4./ THT) 2R NKY Ny + Rk NKER, | \ 57

“m2-term” — part of S’

4 . . -
=R (Y = 20T Fr N Fy — 20T Fr NMK i) ] (;5)

“term linear in 7 — part of S’

i (Y'F - Y'F _ .
A AL R S ) ( ! I) (2 + —8 ) + iVTTF’T‘JNJIFT[
1

7 )t e
_ % [TFT-JNJI (F/ — :E/KYK) +hC] — \;—i_ll(F’Y‘ - F_‘T‘) (\/—_T_S) }
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Solution to the equations of motion

Recall v; = v» on-shell and
2
dsp? = dr? + hydt? | hy = — (a(t)ef/\/H + /)’(t)e_r/\m) .
We focus on class of solutions which includes BPS black hole solutions:

V2

Y-yl =i, F-F=ig, T=-64, —=
Ga

:i(?’F,—Y’ﬁ,).

These imply, on-shell

(8) =5 (%)

Vo Y’ + \_/I
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@® Variational principle with R? terms and holographic renormalization
Holographic renormalization
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On-shell variation of the renormalized action

The on-shell variation of the renormalized action S, = lhuk + et
yields

05ren = /) L (Wﬁéné hee + w0 A + 7 SAST + WIV'gIlaVQ)
J O

We consider variations in the space of asymptotic solutions
She = VA5 (—a?) . SAP =op', AR = 6y
Moreover, we add a source v/(t) for the irrelevant operator dual to v,
Svp = e"VVisy

Recall Y x vy and T o w2

terms.

= m,o" has contributions from these
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On-shell variation in terms of the sources

O5ren = /a L (mitudhee + moAE™ !+ AIGAS + m5s)

In terms of the sources we then have

§Sren = / dt a [ﬁfgna
oM

where we have defined the one-point functions

eSr/\/ﬁ 55ren
ﬁ'tt ||m ﬁ'[ =

T\ VY O
A i e?r/vvi 0Sren 2
Tvo = rl@o \/—_’y dvy T

Pedro Aniceto

R? corrected AdS> holography

(—a?) + Ao + &0y + Ry

9 Sep 2020

17 / 30



where we recall B _
vw (Y'FR=Y'F)
| .

8Gs WA

Renormalized action written in terms of the sources

2
Sren:/dt<— v—qu' +pfig+ 0 1/2>.
N Qi +p i+ O (V%)

Our prescription here was equivalent to using scalar fields (vz,X’,A) and
sourcing only v,

e Obtained result similar to the one in [Cveti¢, Papadimitriou '16];

e Functional form of result does not depend on R? corrections.
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© Asymptotic symmetries and anomalous transformations
Residual gauge symetries
Composite scalar field
4D /5D— 2D/3D comparison
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© Asymptotic symmetries and anomalous transformations
Residual gauge symetries
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Residual gauge symmetries

We are interested in the (PBH) diffeos £/0; and gauge transformations
A, A; which preserve FG gauge and Al = A =0
ﬁghrr = ﬁghrt =0, ﬁgA,’, + ar/\l =0, ,CgANr/ + 8r7\, =0.

Solution is [Cveti&, Papadimitriou '16]
E=¢(t) + 8ta(t)/ R (r ) dr', & =o(t),

o (£) — Deo(t) /00 W (F ) ALY ) dr
=80~ 00(t) [ K0 A 0o
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Asymptotic symmetries

PBH transformations act on the sources

o o
OpBHC = ﬁ o+ 8t(6 Oé) OpBHV = €0V + ﬁl/
Sppm i’ = Or(ep! + ') dpeH fl1 = O¢(e fur + 1)

dpBH B = 0¢ (e B) — d 3—ﬂ3t (8?70)

VTR
Focusing on asymptotic symmetries = da = op! = 6ji; =0
t 0
e = @ o= — V]_LC
« «
ol = —ep' + K b1 = —efir + k
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Define dx™ = a dt. Using

. ) .
52@, o=—yoiC, ¢ =—epu+k, ¢ =—ciy+k,

a
and N V1 ,
dsym B = 0¢ (¢ B) + 04.C B+ —= 01C,
we obtain
S = (01 420,y — YR

Anomalous transformation with

\/V_l Vv (’f—q/e’>~%2

~ —

Gs  2v/—hy

[Castro, Grumiller, Larsen, McNees '08]
[Hartman, Strominger '09]
[Castro, Song '14]
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© Asymptotic symmetries and anomalous transformations
Composite scalar field
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Composite scalar field

Recall

8i
FONY,X2T) = N2F(Y,T), 2=
Gy V-T

Consider a composite scalar field () with asymptotic variation

(V’F, . Y’l—:,> .

5o = e/V6QD, D= Y'dy + 2707 +hec.
Note that
DF(Y,T)=2F(Y,T), DG =G 1.

Sien transforms as

5Sen =/ dt e"/V" <Y'I‘I, 2Ty —i—h.c.) 5Q.
oM
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Composite scalar field
In terms of the sources

8Sren = dta 169,
oM

with 1= YT, + 271+ + h.c.

ﬁ I eQr/\/ﬁ 55ren ﬁ I e2r/\/ﬂ 55ren
| = m s T = Iim \/__,y 5T .

Recall
Fl(Ry) = 2 (VIF - Y'R) 2i (Fr — Fr) (16 Ry — 32 — 4/ 'T‘)
= —2i — voRy — 32 — 4y — )
2 \/j T T 22
from which we find DF'(R,) = F'(Rz) on-shell. Consequently
. 4 B . . .
n= —ﬁF'(Rg)a , Osyml1 = C 04N +20,.¢ N — 2/viF'(Ry)D3¢ .
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Composite scalar field

Setting @ = 1 and 3 = 0 the transformation is
Ssymll = —/v1 2F'(Ry) B3¢

Compare with 4D BPS entropy S [Cardoso, de Wit, Mohaupt "99]

S_; (V'Fi— Y'F) +128i (Fr - Fr) = 2F/(R2).

s
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© Asymptotic symmetries and anomalous transformations
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Reduced theory in units of ky?

Restrict to 4D solutions with charges (qo, p*) with A=1,...,n. These
solutions can be lifted to solutions of 5D N = 2 supergrawty with R?
terms [Castro, Davis, Kraus, Larsen '07].

@ rewrite reduced theory in units of ky? = G,B~2;

® adapt our results to the notation of [Cveti¢, Papadimitriou '16] ;
© Perform lift to 3D;

O Compare with AdS; results of [Castro, Davis, Kraus, Larsen '07].

We define
vw=eYB2, Yl =¥Vl T=e%T, F'(R2) = e_¢ﬁ,(R2)

Take also ds,? = e ¥d%? and redefine o = e ¥/24 and 8 = ew/zﬁ to
obtain ~
2

Bky2 &

Op = —fy=—
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From the 5D point of view
dss? = d& + B2dD2 + eV (dx® — A%)?
In 4D we are considering

1CagcYAYBYC 11 YA
FIY,T)=—= T
V.1 =-3% Yo T 2464 y0

with Cagc, ¢4 constants associated with CY3 data. Take go > 0 and
p? < 0. Solving the attractor equations for Y/ yields

1 1 /|qol A_l A V2 A o_ Pk
% 2 pg ’ 2,0 G4 P ra do yo0’
where we used [Castro, Davis, Kraus, Larsen '07]
3 1 3 3 1 3 1
png(C'P +ce-p) >0, PR=7% C-p +§c2-p >0.
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From [Castro, Davis, Kraus, Larsen '07] we have

v |l 11,
€ " =PrR\|—3 = 73 =5Pr-
P} ko? 2

Using [Cveti¢, Papadimitriou '16] , we obtain for the 2D CFT stress tensor
k33744 o Oy, which transforms with the anomalous term

c B

B 3
5T++—---—EG+C — E_E

Since k32 = 2w Rsko?

C B vV G4

R — 3
247 2w R5 k22 47T\/§ R5 PR

ﬁnally, since 6p3,’? = CR [Castro, Davis, Kraus, Larsen '07]

VGa o
V2Rs
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O Conclusions and outlook
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Conclusions and outlook

@ Obtained renormalized variational principle for constant scalar fields;

® ldentified the expectation value of irrelevant operators dual to scalar
fields. Using asymptotic symmetries we found

e Composite operator with ¢ ~ S;
e Under a lift AdS, — AdSs, @y has ¢ oc cg of AdSs.

© Hints that holographic dual of 2D QG encodes data that is
embedded in chiral half of 2D CFT.

Outlook

e Introduce dynamics (nAdS2/nCFT;1) by perturbing away from the IR
fixed point keeping G, fixed

8 I'(\_/IF/* YI:E/)
V=T V2 '

o CFT]_ as chiral half of CFT2 [Hartman, Strominger '09; Castro, Miihimann '20].

G471 =
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