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Main goal

Find the holographic dictionary of a specific subset of 4-derivative N = 2
low energy effective actions of gravity in 4D.

Extremal static near horizon backgrounds factorize into AdS, x S?

l

Apply AdS,/CFT; to compute degeneracy of ground states
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Main goal

Find the holographic dictionary of a specific subset of 4-derivative N = 2
low energy effective actions of gravity in 4D.

Extremal static near horizon backgrounds factorize into AdS, x S?

l

Apply AdS,/CFT; to compute degeneracy of ground states

Constant scalar field: AdS; — AdS, [Cveti€, Papadimitriou '16]
e holographic stress tensor vanishes identically

e dual operator to constant scalar field is non-trivial and transforms
anomalously with Brown-Henneaux central charge

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

@® Variational principle with R? terms and holographic renormalization
Holographic renormalization
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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]

Gravity coupled to Abelian gauge fields and scalars;

Extremal static near horizon backgrounds;

BPS configurations;
2D reduced theory encodes R? corrections and exhibits EM duality;

Given in terms of symplectic functions.
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2D effective action

4D metric ds? = ds;> + vdQ? = Ry = Ry —2/wa.
AdS, background viR> = 2 with v; ~ 2. Locally, use FG gauge:
ds)? = dr? + hydt® . V—h = a(t)e’/V" + B(t)e V" |

4D background supported by e/, p/, Y!, T and holomorphic function
F(Y'") homogeneous of degree 2. Incorporate 4-derivative terms W? by
including Weyl multiplet into F and preserving its homogeneity

FOAYN2T) = X2F (Y, T)
Legendre transform 2D Lagrangian w.r.t p/ to make EM duality manifest

H(e', fi) = L(e', p") + p'fy
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2D effective action

— Nis+ RucNKERy,  —2RycNW] (&
:‘_1‘ —hz/Vz e f’ |: U—2/V17§<RKJ N 4/1\’/(” fy
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+ (e, h) [2/ (_(F’ fL >+4’Y‘ (FTN ’:jL) + 4T (F’K’V Fr

Yyl — yl)
V—h
+ X2

V2
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Dynamical fields: hj, AL A;, Y, T, v

el = FlL =8,Al—0.AL, £ =Gn)=0,Ac — A,

Steps to take into account
® Metric in FG gauge and Al = A, = 0.
® Add counterterms to impose Dirichlet boundary conditions at
r — 0Q.
e Compatible with the symplectic structure on the space of solutions
o Compatible with gauge symmetries of the symplectic variables
= A, requires special care
[Papadimitriou "10]
[Cveti¢, Papadimitriou '16]
[Castro, Larsen, Papadimitriou '18]
[Castro, MiihImann '20]
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Variational principle for A’ and A,

(%) v (= temm) ()= (00)-

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

Add counterterms

/ dt (AL + 7 Ag) + S |7, 7| +/ dt (mAe! + A
oM oM

inducing the canonical transformations
Al ) - A sl 5!
- renl | — / 5s' | > ~1 | 7\ Gren ) = | 4 s’ | -
i At A 57“ T At/ At/ — 5T
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Boundary action

S —/ dt\/_{QF’(Rz)

64i V=T
K+T(F'T‘—FT) (VZRZ_T>
N 1 (71, 7)) ANt 2N Ry, )
4 THT ) oRKNK Ny + R NKLR, | \ #7
/ Ji : LK £ T
+ N R[(Y' = 2iTFr N Fp = 2iTFyr N Fi) | (7~TI>
. \_/IF _ YIF‘ _
_ ! ( / I) (2 _|_ L) + i
Ve VT
2 I
Vi

N

[TFTJNJ (F/ :E/K YK) + hC] }

TY FryNY Fr
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Solution to the equations of motion
2D metric: ds,? = dr? + hydt?
2
hee = — (a(t)e’/ﬁ + ﬁ(t)e*f/ﬁl)

e vwRy =2 on-shell = v, =y

e focus on class of solutions which includes BPS black hole solutions:

i(Y'F —Y'F)

V2

=G, !

Y’—\_/I:I'pl, F/—:E/:iq/, T:—64,

These imply

(8) -5 (%)

e/ vo \Y'+Y
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On-shell variation of the renormalized action

Renormalized action: S,., = huk + /et

05ren = / dt (mi,0hee + mSAE + FOASE + micmov, )
oM

e Consider variations in the space of asymptotic solutions
Shey = 2/V15 (—a?) , sAP =5, SR =5y
e Add a source v/(t) for the irrelevant operator dual to v,
Svp = e"/VVisy

2

Yixwvand T x 2 = mo" has contributions from these terms.
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On-shell variation in terms of the sources

V2

05ren = / dt | 7 She + m S AL 4 7 SRR 4 S,

Rtt§(—a?) ol 7oy vy OV
1
o0, m=-0 gl g o 20
) a ) a ) V2 G4\/71a ’

with G4~ 1 =i (Y'F/ — Y'F}) /v». Renormalized action written in terms
of the sources

— _ 2 o 1 I~ 2
Sren—/dt< G4\/715V qiu —|—p'u,/—i—0(7/)>

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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Residual gauge symmetries
PBH diffeos (£/0;) + gauge transformations (/\’,/N\,) preserving

Lehy = Lehye =0 LeAL4 0N =0 LA +0,A =0

FG gauge Al=0 A, =0

r

Solution:
€ =e(0)+0o() [ M (L) ar € =o(o),
A = o () — By o(t) /Oo B, 8) ALY ) dr
Ar = 3(t) — 8, o(1) /oo hE(r t) Agy(r ) dr’ .

e ¢(t) — generator of boundary diffeos

e o(t) — generator of boundary Weyl transformations
I

[ ]

©'(t), @i(t) — generators of residual boundary U(1)

transformations
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Asymptotic symmetries

PBH acting on the sources «, ,u’, iy, v:

o o
OpBHO = \/_V_l o+ 8t(8 Oz) OpBH V = €0V + \/_V_ly
Sppup’ = O(e ! + ") opBH fif = Ot(e iy + @)
o N Oto
) = _ B - -t
pBH 3 = 0: (¢ B) \/v_lﬁ > at(q)
Asymptotic symmetries at v = 0: da = épu! = 6fiy =0
e = @ g = —\/V1 %
oY «
o =—ep' + K G = —¢fu+ki

Symmetry algebra: Witt @ u(1)%"
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Define dx* = adt = o= —,/n0:(

avl

2 8

3 a
8+C7 7Tvz— G4\/V_]_O[

5sym/B:aa+ (gﬁ) +8+C/3+

~ ~ ~ V
SsymTyy = C O Ty, +204( Ry — \Qaic,

Anomalous transformation with

AZRAT] (Plfl—chel>

Cr~ ——

Gy 2v/ —ho
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Composite scalar field

8i
vV —=T

Consider a composite scalar field { with asymptotic variation

FOAY,22T) = XN2F(Y,T),

5y = e/V16QD, D=Y'dy + 2707 +hec.

Sien transforms as

55ren:/ dta 1169,
oM

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

R . le/«/vl 5Sren R ) e2r/,/v1 65ren
I_I[ = ||m T vl s I_l'r = ||m — .
r—oo \ /=y 0Y V= 6T
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Composite scalar field

Non-trivial contribution comes from Sgny o P’(R») and we find
DP'(R2) = P'(Rz) on-shell. Consequently

. 4 B 2 i i
= =P (R)], ol = 04M1+20.C Al - 2/MP(R)FC

Setting & = 1 and = 0 (4D BPS solution)
Ssyml1 = —/v1 2P'(Ry) 93¢

4D BPS entropy S = 27TP/(R2) [Cardoso, de Wit, Mohaupt '99] Viewing the

action as a combination of

a_ Yt T
YO b Y02 )

invariant under D

z T(Y0)? = Gn [T (v0)’]
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4D — 5D — 3D

Restrict to 4D solutions with charges (qo, p”) with A=1,...,n, i.e. no
p° charge! Interpret Ay gauge field as KK field.

Can lift to solutions of 5D N = 2 SUGRA with 4-derivative corrections
and near-horizon AdS3; x S? [Castro, Davis, Kraus, Larsen '07]

©® rewrite reduced theory in units of k»? = G4,B~2;
® Perform lift to 3D [Cveti¢, Papadimitriou '16] ;
(3] Compare with AdSs3 results of [Castro, Davis, Kraus, Larsen '07].

Define vo = e ¥B2, ds? = e ¥d5?

2 1 . =
> Olp:—ﬁ'w:—g E-ﬁ-lﬁl (FT—FT)\/—T

Q™

—> Anomalous variation modified by R? corrections
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From the 5D point of view

dss? = d52 + B2dQ2 + e 2 (dx® — A%)’
—_———

ew(d522+V2d922)
4D theory:
1CagcYAYBYC 11 YA
FOV.T) = =5 Yo ~2a6aAyo

with Cagc, ca constants associated with CY3 data. Take gg > 0 and
pA < 0 and use [Castro, Davis, Kraus, Larsen '07]

L 3 1 3 3 1 3 1
CL_3_Z(c. . R_3_Z(c. Zc -
5 pi ( P+ p)>0, PR 6( P+2C2P >0
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From [Castro, Davis, Kraus, Larsen '07] we have

B ed’% =\/2Gyp}

Using [Cveti¢, Papadimitriou '16], 2D CFT stress tensor 74 contains term
x Oy:

k 2
OT4q = 2744 04 C+ (O — ﬁ\ﬂ Ga p; D3¢
S

_ <
T 247w

Since k32 = 2w Rsky?
C o \/2 G4

247~ 127 Rs

CL

e CFT; naturally embeds in chiral half of CFT,.
e For 7__ only Lf survives for constant dilaton — u(1) algebra
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O Summary
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Summary 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; — AdS3, Oy has ¢ x ¢, of AdSs.

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

Outlook
@ Study near-BPS BHs in nAdS,/nCFT;
@® Investigate AdS, — AdS3 embedding in presence of R? terms
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