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Introduction
AdS/CFT to Gauge/Gravity correspondences

AdS/CFT correspondence: String theory on AdS spaces <
CFT on the boundary of AdS

—_———>
Zcrr[po] = Zstring Small curvature Zsygra = e~ Ssucra[¢o] 1)

Generalization to gauge/gravity correspondence:
(super) gravity theory in the bulk < (super) QFT on the
boundary

Original AdSs/CFT4: strong coupling “real” world 4D CFT

2D CFT structure is well-known = AdS3/CFT, correspondence
is interesting.
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Introduction

Gauge/Gravity correspondences from gauged supergravity and RG Flows

Original version: near horizon of D-brane configurations =
AdS x M

Gauged supergravity viewpoint: D-brane = domain wall
Solutions to lower dimensional SUGRA uplifted = D-branes.

Asymptotically AdS: background interpolating between vacua
I

RG Flow between conformal fixed points of QFT
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Introduction

C-theorem and its holographic dual

C-theorem:

Theorem

In an RG flow from a UV to IR fixed points, the central charge is
monotonically decrease along the flow.

Remarkably, the holographic RG flow (from gravity dual) can be
proved to obey this theorem. (D.Z. Freedman, S. Gubser, N.
Warner and K. Pilch, 1999)

Holographic RG flows in CFT, = 3D gauged supergravity
theories.

Some examples of these 3D flows have been studied in M.
Berg and H. Samtleben, 2001 and N. S. Deger, 2002.
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3D gauged supergravity

ungauged supergravities

Ungauged supergravity (Bernard de Wit, lvan Herger and
Henning Samtleben, 2003):

1. v - 1 v iy v j
Lo = —5ic""(eiRya +T,Duty) — 5€0j(9"0.0'9" 0, ¢)

1 . . 1 o
0 P + 700X Y (00 + 0,0)

i k12, 10 1

1 L
24N2eRukIX YaX' X 48Nze(3(ginIIX”)z
—2(N = 2)(gi¥"v*x")?) 2)
where
1 .
DAWL = (Ou+ zwaMVa)¢L + 8u¢lQiu ¢{1>
i 1
D,LLXII — (8 + zw M’V&)X” +0 ij(rlkxkl +QIJ |J) (3)

Parinya Karndumri karndumresissa.it AdS3 Vacua and RG Flows in Three Dimensional Gauged Superg



3D gauged supergravity

Gauged supergravities

After gauging: g( fermionic mass-like terms) + g?(scalar
potential)

Gauged Lagrangian: (Bernard de Wit, lvan Herger and
Henning Samtleben, 2003)

L = Lo+ 1igeWPAMe M (O, AY — %gfp NATAS)

+eg{ AL] | ,ul/wy_i_A 1/}| XJJ+ ZAI"Q;]U —I| }
1

4eg? i
> Ng'AS AL 4)

—I—T(All‘]A'l‘] —

with “derivative” — “derivative” +g© y AN X

We are interested in the N = 4 theory with symmetric scalar
target spaces SO(4,4)/SO(4) x SO(4).
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3D gauged supergravity

Symmetric target spaces

Coset space G/H can be described by L(¢'(x)), transforming
as L(x) — gL(x)h(x), with the decompositions

1

Lol = ZQUXN + QX +efY?,
L—lt./\/lL — %VMUXU + V./\(;lxoz + V'A;\lYA (5)

In the gauged theory, we have

1
LD L = LD (3, + O pnAM V)L = Eijx” +QIX+enYA.
(6)
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SO(4) x Tg gauged N = 4 3D supergravity

Gauging and parametrization of SO(4,4)/SO(4) x SO(4) cosets

The target space of the N = 4 theory is a product of two

quaternionic manifolds, soig(fé‘lo)m) X so?8i4é‘10)(4) in our case.

The gauge group is SO(4) x Tg with generators

tA:<gg>’ tB:<—bb —bb>’ (7)

We parametrize the coset by

_1 Xi+eit Yi+eit .
LI_§<_Xi_eit eit_Yi 7|_172> (8)

where X; = E; + Bie!, Y; = —E; + Bje! and E; = . 1.

Parinya Karndumri karndumr@sissa.it AdS3 Vacua and RG Flows in Three Dimensional Gauged Superg



SO(4) x Tg gauged N = 4 3D supergravity

The embedding tensor, T-tensors and consistency conditions

The embedding tensor: Tgayge,, = OpntY

Components: © 45 and ©zp subject to some constraints
imposed by closure of gauge algebra

SO(4) ~ SU(2) x SU(2) = 4 SU(2) factors for the two
gaugings, AB and B5.

4

Four coupling constants: gis,91a,J2s, and goa

T-tensor:
Tas = VMO0V ©)

Supersymmetry = Constraint on T = @25 = —02s
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SO(4) x Tg gauged N = 4 3D supergravity

Supersymmetry transformations and scalar ansatz

Supersymmetry transformations:

5¢L = De—l—AlyH ,

5Xi| — E(élJl_flJ)ijWGJ o NA%“EJ, (10)
where
1
Dy = (9, + 5w 2 va)e + 3,0 QP + OunANVAIN
D¢ = 0.8 +AYVVIO LN (11)

AnsatzB; =B, =0,

e;1 = (au(r),ax(r),as(r),aq(r)) and
e2 = (au(r),ax(r),as(r),as(r)). (12)

Also, define g15 = gp + 9n and 912 = gp — On.
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SO(4) x Tg gauged N = 4 3D supergravity

Conventions

We use non compact generators of SO(4,4) of the form

= (e ) 3

SO(4) generators:
13 W Lok ke 13 w1k ke
Ji =13 —|—§€ J and J2 =1 — 5¢ J (14)

where JV = &N — & with (eV)y = dik dy.. Finally, the tensor fV
is given by
Y apca = Tr((eH)P3Pe). (15)

Now, we can find critical points of the potential and flow
equations coming from §y' = 0.
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SO(4) x Tg gauged N = 4 3D supergravity

Conventions and Scope of the presentation

Number of supersymmetries: A" = (n_,nr) < number of +
eigenvalues of A; tensor

This is equivalent to the number of supersymmetries in the dual
2D field theories.
Results:
@ N =4 vacua
@ Flows between (3,1) and (2,0)
@ Vacua of N = 8, SO(8,8)/SO(8) x SO(8) scalar manifold
and (SO(4) x Tg)? gauging
Only (3,1) flows and the vacua involved will be discussed.

Parinya Karndumri karndumr@sissa.it AdS3 Vacua and RG Flows in Three Dimensional Gauged Superg



Vacua of N = 4 theory

(3,1) vacua
o LN =31
e, — [— gn+gp)
ezz,/ +g'°) ~1,1,1,1)
A, = SO EG) 4096(gn+gp) .(16)
gZS 925
o I. N =(31)
e, = w -1,-1,-1)
O2s

& = — 2(9p ~On) ————— 44 (17)
O2s
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Vacua of N = 4 theory

(3,1) vacua
_ 2 —4 o 4
gZS 925
o lllL. NV =(3,1)
2 _ (2
e — 9n(95 29n)<g_n Y 1)
O2s9n Jp
2
e = |GG )(g” 1,1,1)
02503 Op
-8 2 ~2)\2 _256 2 ~2\4
A, = SO =9%) v — 2(9n2 2gp) (19
02s9n0p 92s979p
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Flow solutions
BPS equations

Supersymmetry variations(10)

The ansatz for the metric is
ds? = e?A)(—dt? + dx?) + dr2. (20)

Preserving 2D Poincare symmetries.
AdS3: A(r) =

Scalar current is zero for diagonal e;

M _
AM =0

The full truncation is consistent.
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Flow solutions
BPS equations of the (3,1) flow

Taking a;(r) = —by(r) = b(r) and
ax(r) = ag(r) = aa(r) = ba(r) = ba(r) = by(r) = a(r), we find

j—? = 24gnab? + 16g,b° — 8a3(gn — g2sb?)  (21)
4 2
da _ 16gyad + Bgmalh 4 2O F92b7) o0
dr b
and &1, = 0 gives
dA 1
= = _ 80n(f2 — 1)(3f2(c1gn(g2 + g2
dr £2(gs + (gnp — garycyz ot~ DEen(gn + 85)
+0250p) — 20nf>(2C10nTp + G2s) — 20nf (2C19nGp + G2s)
+Clgr31f4 + gp(Clgngp + 92s))]- (23)
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Flow solutions
(3,1) flow solutions

Solutions:

b — 4 on(f2 - 1)
- 2 3 2
J2sf2 + (9af + On0Opf )er
Do b [ (—79259n + g2s9p + (95 — gf)c1)
27 64g, (f2—1)(93 — 9?)
~ 92s0n In(1 —f)  g2sgnIn(1+f)
(9n +9p)? (On — 9p)?
B 4gZSgr2192p |n(f§1n2+ gp)} and
(97 — 9p)
Inf —In(1—f%)+ = |n(gp + fgn)

a="fb

A = cC
3+2

+§ IN(92s + In(9p + anf)ca). (24)
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Flow solutions
flow between | and llI

Choosing ¢; = _Wﬁgp)' gngp < 0,

b _ %_@n+%X1+n
925f2

" %_@n+%X1+n

O2s
1 [ B 2025 _ GasIn(1 —f)
641 (1+f)(98—-092)  (9n+9p)?
L G2sIn(1+f)  4925Gnp In(fgn + gp)

(9n — 9p)? (93 — 93)?
1 1 1
A = ZInf—2In(1—f)—In(1+f)+ 5 In(gp +fgn) (25)
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Flow solutions

flow between | and llI

With g,s < O:

I:f =1, < UV point where A, r — oo and

lH: f = —g—, < IR point where A, r — —oo

The ratio of the central charges, ¢ = 2G' is given by

Cuv _ _( gp)z > 1. (26)

CR 49n0p

We see the agreement with the c-theorem.
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Flow solutions
flow between Il and Il

Choosing €1 = g%, ngp > 0,

b \/(gn—gpr - 1)

ngfz
a — (9n —gp)(f - 1)
O2s

-1 { 2925 ~ GosIn(1 1)

64 (1 —f)(9h —g5)  (On+9p)

L 92sIn(1+f)  49250np In(fgn + gp)

(9n — 9p)? (97 — 95)?

1 1 1

A = 5 Inf —In(1—f) — 5 In(1+f) + 5 In(gp + fon). (27)
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Flow solutions
flow between Il and Il

With gys < O:

II: f = -1, & UV point where A, r — oo and
n: f = —g—ﬁ, < IR point where A, r — —o0
The ratio of the central charges is given by

Cov _ (@0 +Gp)° 28)
CR 49n0p

We see again the agreement with the c-theorem.

Recall mass dimension relation:

m2L% = A(A - 2) (29)
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Flow solutions
Asymptotic behavior of the scalar fields

The analysis of mass spectra indicates that the two flows are
driven by a relevant operator of dimension A = 1. For A = %
the scalars behave near r = oo as (Wolfgang Muck, 2002)

v

B(r,x) = e /R (L5(x) + 3(x) + ... (30)
From our solutions, we have
a(ry~e R b(ry~e R (31)

at the UV points. Both of the flows are called vev. flows driven
by a vacuum expectation value of an operator of dimension 1.
At the IR point, we have

a(ry~e/R b(r)~e"/R (32)

meaning that the operator becomes irrelevant with dimension 3.
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Conclusions

Conclusions and comments

@ We have found some supersymmetric AdS vacua of the
N = 4 3D gauged supergravity and studied the RG flow
solutions between them. The flows are vev. flows driven by
a vacuum expectation value of a relevant operator of
dimension 1.
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Conclusions
Conclusions and comments

@ We have found some supersymmetric AdS vacua of the
N = 4 3D gauged supergravity and studied the RG flow
solutions between them. The flows are vev. flows driven by
a vacuum expectation value of a relevant operator of
dimension 1.

® G¢ X Tgim(a,) CS gauging < G¢ YM gauging (on-shell)
(H. Nicolai and H. Samtleben, 2003)
Dimensional reduction from higher dimensional theories
gives YM gaugings. It is interesting to find a higher

dimensional description to the model we have studied in
the context of string or M theories.
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