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Abstract We study supersymmetric AdS3 x M* solutions
of N = 2 gauged supergravity in seven dimensions coupled
to three vector multiplets with SO(4) ~ SO(3) x SO(3)
gauge group and M* being a four-manifold with constant
curvature. The gauged supergravity admits two supersym-
metric AdSy critical points with SO(4) and SO(3) sym-
metries corresponding to N = (1, 0) superconformal field
theories (SCFTs) in six dimensions. For M* = ¥£2 x ¥2
with £? being a Riemann surface, we obtain a large class
of supersymmetric AdS; x %2 x %2 solutions preserv-
ing four supercharges and SO(2) x SO(2) symmetry for
one of the ©2 being a hyperbolic space H?, and the solu-
tions are dual to N = (2,0) SCFTs in two dimensions.
For a smaller symmetry SO (2), only AdS; x H> x H?
solutions exist. Some of these are also solutions of pure
N = 2 gauged supergravity with SU(2) ~ SO(3) gauge
group. We numerically study domain walls interpolating
between the two supersymmetric AdS7; vacua and these
geometries. The solutions describe holographic RG flows
across dimensions from N = (1,0) SCFTs in six dimen-
sions to N = (2, 0) two-dimensional SCFTs in the IR. Simi-
lar solutions for M* being a Kahler four-cycle with negative
curvature are also given. In addition, unlike M* = %2 x %2
case, it is possible to twist by SO (3)diag gauge fields result-
ing in two-dimensional N = (1,0) SCFTs. Some of the
solutions can be uplifted to eleven dimensions and pro-
vide a new class of AdS; x M* x $* solutions in M-
theory.

1 Introduction

One of the most interesting implications of the AdS/CFT
correspondence [1] is the study of holographic RG flows.
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These solutions take the form of a domain wall interpo-
lating between AdS vacua and holographically describe
deformations of a conformal field theory (CFT) in the UV
to another CFT in the IR or in some cases to a non-
conformal field theory dual to a singular geometry, see [2—
4] for example. Of particular interest are RG flows across
dimensions in which a higher dimensional CFT flows to
a lower dimensional CFT. This type of RG flows allows
us to investigate the structure and dynamics of less known
CFTs in higher, especially five and six, dimensions using
the well-understood lower dimensional CFTs. In this paper,
we will consider this type of RG flows in six-dimensional
CFTs to two dimensions. Furthermore, the study along
this direction is much more fruitful and controllable in
the presence of supersymmetry. We are then mainly inter-
ested in RG flows within superconformal field theories
(SCFTs).

Supersymmetric solutions of gauged supergravities play
an important role in studying the aforementioned RG
flows. In general, RG flows across dimensions from a d-
dimensional SCFT to a (d — n)-dimensional SCFT are
obtained by twisted compactification of the former on an
n-dimensional manifold M". The twist is needed for the
compactification to preserve some amount of supersym-
metry. This is achieved by turning on some gauge fields
to cancel the spin connection on M". In the supergravity
dual, these RG flows are described by domain walls inter-
polating between an AdS;41 vacuum to an AdSy4+1—, X
M" geometry. Solutions of this type have been stud-
ied in various dimensions, see [5-26] for an incomplete
list.

In this paper, we are interested in supersymmetric Ad S3 x
M* solutions of N = 2 gauged supergravity in seven dimen-
sions with SO(4) ~ SO3) x SO(3) gauge group. This
gauged supergravity is obtained by coupling three vector
multiplets to pure N = 2 gauged supergravity with SU (2)
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gauge group constructed in [27,28]. The matter-coupled
gauged supergravity has been constructed in [29-31] with
an extension to include a topological mass term for the
three-form field, dual to the two-form in the N = 2 super-
gravity multiplet, given in [32]. This massive gauged super-
gravity admits supersymmetric AdS7 vacua which has been
extensively studied in [33-35]. These vacua are dual to
N = (1, 0) SCFTs in six dimensions, and a number of RG
flows of various types have already been studied [18,33,36].
However, holographic RG flows from N = (1,0) six-
dimensional SCFTs to two-dimensional SCFTs in the frame-
work of matter-coupled N = 2 gauged supergravity have
not appeared so far. To fill this gap, we will give a large
class of AdS3 x M* fixed points and the corresponding RG
flows across dimensions within six-dimensional N = (1, 0)
SCFTs.

We will consider a four-manifold M* with constant cur-
vature of two types, a product of two Riemann surfaces
¥2 x X2 and a Kahler four-cycle M} In the first case, the
twists can be performed by using SO2)r C SO(3)r with
SO (3)r being the R-symmetry. We will look for solutions
with §O(2) x SO(2), SO (2)diag and SO(2)g symmetries.
In the second case, M,f hasa U(2) ~ SU(2) x U(1) spin
connection. Therefore, we can perform the twists by turn-
ing on either SO2)g C SO3)r or the full SOQ3)r to
cancel the U (1) or the SU (2) parts of the spin connection,
respectively. It should also be noted that a twist by can-
celling the full U(2) spin connection is not possible since
the R-symmetry of N = 2 gauged supergravity is not large
enough.

In general, the two SO (3) ~ SU (2) factors in the SO (4)
gauge group can have different coupling constants. However,
for a particular case of equal SU (2) coupling constants, the
resulting gauged supergravity can be embedded in eleven-
dimensional supergravity via a truncation on S* [37]. The
seven-dimensional solutions can accordingly be uplifted to
eleven dimensions giving rise to new AdS3 x M* x §4 solu-
tions of eleven-dimensional supergravity. Therefore, these
solutions provide a number of new two-dimensional SCFTs
with known M-theory dual. We also consider the uplifted
solutions in this case.

The paper is organized as follow. In Sect. 2, we give a
short review of the matter coupled N = 2 seven-dimensional
gauged supergravity and supersymmetric AdS; vacua. In
Sects. 3 and 4, we look for supersymmetric Ad Sz x £2 x 2
and AdS3 x M,f solutions and numerically study interpolat-
ing solutions between these geometries and the AdS7 fixed
points. We finally give some conclusions and comments
in Sect. 5. Relevant formulae for the truncation of eleven-
dimensional supergravity on S* giving rise to N = 2 gauged
supergravity with SO (4) gauge group are reviewed in the
appendix.

@ Springer

2 Seven-dimensional N =2, SO (4) gauged
supergravity and supersymmetric Ad S7 vacua

We firstly review N = 2 gauged supergravity in seven dimen-
sions coupled to three vector multiplets with SO (4) gauge
group. Only relevant formulae involving bosonic Lagrangian
and supersymmetry transformations of fermions will be pre-
sented. The detailed construction of general N = 2 seven-
dimensional gauged supergravity can be found in [32], see
also [38] for gaugings in the embedding tensor formalism.

2.1 Seven-dimensional N =2, SO (4) gauged
supergravity

The seven-dimensional N = 2, SO (4) gauged supergravity
is obtained by coupling the minimal N = 2 supergravity to
three vector multiplets. The supergravity multiplet consists

. l,L . . . 7
of the graviton e;;, two gravitini wz, three vectors A;L, two

spin-% fields x ¢, atwo-form field B,,,, and the dilaton o . Each
vector multiplet contains a vector field A, two gaugini A,
and three scalars ¢'. We will use the convention that curved
and flat space-time indices are denoted by w, v and [, D
respectively. Indices i, j = 1,2,3 and a,b = 1,2 label
triplet and doublet of SO(3)r ~ SU (2) g R-symmetry with
the latter being suppressed throughout this work. The three
vector multiplets will be labeled by indices r,s = 1,2,3
which in turn describe the triplet of the matter symmetry
SO (3) under which the three vector multiplets transform.

From both supergravity and vector multiplets, there are in
total six vector fields denoted collectively by A’ = (A7, A").
Indices 1, J,... = 1,2,...,6 describe fundamental rep-
resentation of the global symmetry SO(3, 3) and are low-
ered and raised by the SO (3, 3) invariant tensor n;; =
diag(—1, —1, —1, 1, 1, 1) and its inverse 77”. The two-form
field will be dualized to a three-form C,,,, which admits
a topological mass term required by the existence of AdS7
vacua.

The nine scalar fields ¢'" parametrize SO (3, 3)/S0(3) x
SO (3) coset manifold. They can be described by the coset
representative

Lt = (L, L") (1)
with an index A = (i, r) corresponding to representations of
the compact SO (3) x SO (3) local symmetry. The inverse of
L;* will be denoted by

La' =" L") )
with the relation

LL;"=4". (3)

N

PR
Li'L;" =%,
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Being an element of SO (3, 3), the coset representative also
satisfies the relation

nIJ:—LIiLJi+L[rLJr. (4)
The bosonic Lagrangian of the N = 2, SO(4) gauged

supergravity in form language can be written as

1 1 o 1 J
L= ER*].—ze Cl]j*F(z)/\F(z)
1 5
—56‘_20 * Hgy N Hgy — g xdo Ndo
L pr AP by ne
) «/5 4) 3)

—4hH@gy A Czy — V x 1. (@)

The constant & describes the topological mass term for the
three-form C3y with the field strength H4)y = dC3). The
gauge field strength is defined by

1
1 1 I 4J K

The definition of the SO(4) structure constants f; 7K
includes the gauge coupling constants
frok = (g1€ijks —&28rst) @)

where g1 and g, are coupling constants of SO(3)g and
SO 3), respectively.

The scalar matrix a;; appearing in the kinetic term of
vector fields is given in term of the coset representative as
follow

arp =L Ly +L;"L;". (®)

The Chern-Simons three-form satisfying dwz) = F, (12) AF, (12)
is defined by

1
wE) = F(12> VAN A(I]) — gfIJKAgl) A A{l) N A(I)K‘ ©)]

The scalar potential is given by

1 , 1
V= Ze—" (C”Ci, - §C2> + 16h%e%

42 36
2, c, (10)
3
where C-functions, or fermion-shift matrices, are defined as
1 .

C= —EquLi’LﬂLKks’fk, (11)
) 1 .

Clr — _fI]KL 'ILkJLKrEl‘]k, (12)

V2 ’
Crsi = f1s" L, Ly L. (13)

It should also be noted that indices 7, j and r, s are raised
and lowered by §;; and §,, respectively. Finally, the scalar

kinetic term is defined in term of the vielbein on the
S0O@3,3)/SO3) x SO(3) coset as

Pir=1r" (5}%# + f”KAD Lg'. (14)

To find supersymmetric solutions, we need supersymme-
try transformations of fermionic fields ¥, x and A". With
all fermionic fields vanishing, these transformations read

2 o 4
8V, = 2D, € — %6_2 Cyue — ghez"yﬂe

i e
—%eZ F;mal (3)/#)/‘)" — 5)/‘”’)/“) €
1

_ e °H POAT +5 POAT €,
—240«/5 POAT (J/;ﬁ/ 14 Vu)

(15)
Sy = —%y"auae + %e_gCe — 15—662”he
—%e% F;;voiy””e
—ﬁe"Huway‘“”me, (16)
S\ = iy“P/iroie — %e% F,y"e
—%e‘écf’al’e (17)

where o' are the usual Pauli matrices.
The dressed field strengths F? and F" are defined by the
relations

Fly=L;'F5 and Fj =L/ F},. (18)

The covariant derivative of the supersymmetry parameter €

is given by

Dye=29 e+1a) GﬁyMeJrLQ"a"e (19)
w 0 2@ Yop 22 2 H

where QL is defined in term of the composite connection Q;{
as

0, = %s”kQ{f (20)
with
0 = 17" (sf 0, + 115 A7) L' @1)

For convenience, we also give the full bosonic field equa-
tions derived from the Lagrangian given in (5)

d(e % x H, 8hHu — LF" FL =0 22
@) + ) o Nro =0, (22)

V2
D(e”a” * F(Iz)) — \/EH(4) 7AN F(Jz)
+% P f1 KL L =0, (23)
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: ) ,
D(+P") = 2e"Li'L," % Fly A F},)

1 ; iy 30 .
— (ﬁe—ﬂcf‘ﬁ‘crsk‘?l]k +4\/§hezclr> 8(7) — O,

(24)
1
—d(*da) e apy * F(z) A F(z)
+€ 7 % H(4) A H(4)
+ 1 C"C; 1C
¢ T
+2v2he T C — 64h2e4"i| e
=0, (25)

5 o
Ry — Zauaava —ajyje

1
(F;ivajp logqulaFJ pU)

2 1,
stV gl

3
2 (I—IM,OU)»I_IV'OC”L - %guvHPJArH'OOAT> =0. (26)

ir pir
_pM Plr —

2.2 Supersymmetric Ad S critical points

We now give a brief review of supersymmetric AdS7 vacua
found in [33]. There are two supersymmetric N = 2
AdS7 critical points with SO(4) ~ SO(3) x SO(3) and
SOB)diag C SO3) x SO(3) symmetries. To compute
the scalar potential, we need an explicit parametrization of
S0O@3,3) /SO3) x SO(3) coset. By defining the following
G L(6, R) matrices

(erj)kL = d1kdyL, (27)
we can write non-compact generators of SO (3, 3) as
Yir = €ir43 +ery3.i. (28)

Among the nine scalars from SO (3, 3)/S0O(3) x SO(3),
there is one SO(3)giag singlet corresponding to the non-
compact generator

Yy = Y11 + Yoo + V33. (29)
The coset representative is then given by
L = e?Ys, (30)

The scalar potential for the dilaton o and the SO (3)giag sin-
glet scalar ¢ is readily computed to be

1 _, 5 )
V=3 [(81 + g3) (cosh(6¢) — 9 cosh(2¢))
+8g1g2 5inh* (2) + 8 [ 83 — g7 + 64h%e™

50 3 . 13
—32e2 h(g) cosh” ¢ + g> sinh ¢)]] . 3D

@ Springer

This potential admits two supersymmetric AdS7 critical
points

I. o=¢=0, Vo= —240/12, (32)
| 2 1 — 16k
II. o =-1n 2g—2 s ¢=_1n|:g2—i|’
5 g5 — 256h? 2 g2 + 16h
8
240g3 h?
Vo= ————920 (33)

(g2 — 256h2)3

Critical points I and II have SO(4) and SO (3)gjag Sym-
metries, respectively. We have also chosen g = 16h
to bring the SO(4) critical point to the value ¢ = O.
The cosmological constant is denoted by Vy. Accord-
ing to the AdS/CFT correspondence, these critical points
correspond to N = (1,0) SCFTs in six dimensions
with SO(4) and SO (3) symmetries, respectively. A holo-
graphic RG flow interpolating between these two criti-
cal points has already been studied in [33], see also [39]
for more general solutions. In subsequent sections, we
will find supersymmetric AdS3; x M* solutions to this
N = 2 SO(4) gauged supergravity and RG flow solu-
tions from the above AdS; vacua to these geometries in
the IR.

3 Supersymmetric AdS3; x X2 x X2 solutions and RG
flows

In this section, we look for supersymmetric solutions of the
form AdS; x Ek X Ez with 22 fori = 1,2 being two-
dimensional Riemann surfaces Constants k; describe the cur-
vature of E,%’, with values k; = 1,0, —1 corresponding to a
two-dimensional sphere S2, a flat space R? or a hyperbolic
space H 2 respectively.

We will choose the ansatz for the seven-dimensional met-
ric of the form

ds% = ew(’)dxfl +dr? + ezv(’)dss:z + eZW(’)dséz

K ky

(34)

in which dx7 | = nepdx®dxP, o, p = 0, 1 is the flat metric
on the two-dimensional spacetime. The explicit form of the
metric on E,%l_ can be written as

dsg, =d6} + fi, (0)°de}. (35)

The functions f, (6;) are defined as

sin9,~, kl' =1
Jii (6) = 0i, ki =0 (36)
sinh 9,‘, kl' =—1
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By using an obvious choice of vielbein

e =eVdx®, o =dr, eél =eVdoy,
e = eV fi, (0nder, €” = eV db,,
e” = eV fi,(02)dgs, 37)

we can compute the following non-vanishing components of
the spin connection

o =U"e, "=V, =V,
a)02; — W/692’

/
v i (Ql)e(z,l

Jry (61)

wf/?z; — W/e(pz, wtplél —¢
; [, 62) 5

0y = e Wik "

2 Jia (62)

Throughout the paper, we will use primes to denote deriva-
tives of a function with respect to its argument for example
U’ =dU/dr and fk’i (6;) = dfy, (6:)/d6;.

To find supersymmetric Ad Sz x E,%l X Z,%z solutions which
admit non-vanishing Killing spinors, we perform a twist by
turning on gauge fields along E,%] X Z,%z. In the following
discussions, we will consider various possible twists with
different unbroken symmetries.

(38)

3.1 AdS;3 vacua with SO(2) x SO (2) symmetry
We first consider solutions with SO (2) x SO (2) symmetry.
To perform the twist, we turn on the following SO(2) x

SO (2) gauge fields on E,%l X E,%z

! !
P11 -V fkl(el)egal _ &e_w fk2(92)e¢2

Al =2 , (39
M ki fi 61) ky  fi(6)
L (O1) . L (02) .
A?l) = _&e—‘/fkl ! Pl — @e—w fk2 2 e, (40)
ky Sie (01) ko Sz (02)

where p;; are constants magnetic charges.

Thereisone SO (2) x S O(2) singlet scalar from SO (3, 3)/
SO3) x SO(3) coset corresponding to the non-compact
generator Y33. We then parametrize the coset representative
by

L =Y (41)

with ¢ depending only on the radial coordinate . By com-
puting the composite connection Qﬂ along E,fl X E,%z, we
can cancel the spin connections by imposing the following

twist conditions
gipin =k and gipp =k (42)

together with the projection conditions

Yoo € = Y€ = iole. 43)

Note that only the gauge field A%]) enters the twist proce-
dure since A%l) is the gauge field of SO2)r C SOQB)gr
under which the gravitini and supersymmetry parameters are
charged.

From the gauge fields given in (39) and (40), we can
straightforwardly compute the corresponding two-form field
strengths

Foy=e P pne nef + e ™ppe nel, @)

F((’z) = e_2V1721691 AP 4 €—2Wp22692 A e, (45)

It should also be noted that these field strengths give non-
vanishing F (12) AF, (12) term. This term is present in the field
equation of the three-form fied C(3) as can be seen from Eq.
(22). Therefore, we need to turn on the three-form field with
the corresponding four-form field strength given by

1
Huay = ——=e Y™™ (p21p2a — pr1pi2)
@ 8v2n

0>

PN NP S (46)

This is very similar to the solutions of maximal SO (5)
gauged supergravity considered in [8].
By imposing an additional projector

yre=¢ 47)

required by §x = 0 and §A" = 0 conditions, we find the
following BPS equations

l o 20
U = gef [(gle_a cosh ¢ + 4he%)
3 —39 _2(V+W)
—l—ﬁe 2 (p11p12 — P21P22)

—¢ 2V (p11 cosh ¢ + pay sinh¢)
—e™2Y(p1a cosh ¢ + paa sinh ¢)] , (48)
’ l o —0o 3o
Vi = §e2 [(gle cosh ¢ + 4he2 )
I _30_
¢ > 2VAEW) (o1 pia — paipa)

+4e=2Y (p11 cosh ¢ + po sinh ¢)
—e2W (15 cosh ¢ + pa sinh ¢)] , (49)

/_l Z —0 3z
w —562 gre % cosh¢p + 4he2

1 30

——e 2

4h
—e 2V(p11 cosh ¢ + pay sinh @)

+4¢=2Y (p15 cosh ¢ + paa sinh ¢)] , (50)

2V (p1ip12 — pa1pa)

’ 2 4 —0 3
o = geZ [(gle cosh¢ — 16he )
1 3

> 2VEW) (b1 p1a — paip)

__e_

4h
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—e Y (p11 cosh ¢ + po) sinh ¢)

~ ¥ (pizcosh g + pazsinh )], (51
¢ = —e? [e_zv(pn sinh ¢ + pa; cosh @)

+e > (p1zsinh ¢ + pa; cosh d))]

—gie~ 7 sinh ¢. (52)

It can be verified that these BPS equations satisfy all the

field equations. At large r, we have U ~ V ~ W ~ r and

¢ ~ o ~ e T with the AdS; radius given by L = 7,

and the terms involving gauge fields and the three-form field
are highly suppressed. We find the SO (4) AdS; fixed point
from these BPS equations in this limit. The solutions are then
symptotically locally AdS7 as r — oo.

We now look for supersymmetric AdS3 solutions satisfy-

ingV =W =0'"=¢'=0and U’ = LAIdS in the limit
3
r — —oo. We find a class of AdS; fixed point solutions
¢
o = g12¢ SNEE)
4h(p21(p12 — 3p22) + p11(p12 + p22))
¢ P21(p12 — 3p22) + p11(p12 + p22)
e? = , (54)
p11(pi2 — p22) — p21(p12 +3p22)
sy P21 — pi — (pu1 + par)e*?
e’ = 3 , (55)
8he?+32
_ _ 2¢
2W _ P22 P (Plz + pxn)e ’ (56)
8he?t31
8hea+2V+2W
L = 57
A P12 — a1 po + 32KV W30 >7)
where

7 - (P2(p?, + P3) — 2p11p21 p22)(—2p12p21p22 + p11(ph, + P3))
(P}, B3P} + 3y) + P31 (ph + 303, — 8p11 pi2p2i p22)

(58)

Note that the coupling constant g, does not appear in the
above equations, so the solutions can be uplifted to eleven
dimensions by setting g2 = g1.

To obtain real solutions, we require that 2V >0, e
0, ¢ > 0, and ¢? > 0. It turns out that AdS3 solutions
are possible only for one of the two k; is equal to —1 with
the seven-dimensional spacetime given by AdS3 x H> x H?,
AdS3 x H?> x R? and Ad S3 x H? x S?. Since the charges p11
and pp; are fixed by the twist conditions (42), there are only
two parameters p»1 and pyy characterizing the solutions. For
g1 = 16h and h = 1, regions in the parameter space (pa1,
p22) for good AdS3 vacua to exist are shown in Fig. 1. Note
that these regions are precisely the same as supersymmetric
AdS; x 2 x %2 solutions of maximal seven-dimensional
SO (5) gauged supergravity in [8].

These AdS3 fixed points preserve four supercharges due
to the two projectors in (43) and correspond to N = (2, 0)

2W

@ Springer

SCFTs in two dimensions with SO (2) x SO (2) symmetry.
On the other hand, the entire RG flow solutions interpolating
between the AdS; fixed point and these AdS3 geometries
preserve only two supercharges due to an extra projector in
(47). Examples of these RG flows from the Ad.S7 fixed point
to AdS; x H> x H2, AdS3 x H> x R? and AdS; x H? x S
with & = 1 and different values of p;; and pj, are shown in
Figs. 2, 3 and 4, respectively.

These solutions can be uplifted to eleven dimensions using
the truncation ansatz given in [37]. By using the formulae
reviewed in the appendix together with the S3 coordinates

u® = (cos ¥ cosa, cos ¥ sin a, sin ¥ cos B, sin ¥ sin B)

(59
and the SL(4, R)/SO(4) matrix
Tajgl = diag(e‘p, e‘l’, e_¢, e_¢), (60)
we find the eleven-dimensional metric
A5 = A3 |:er dx} | +dr? + ezvdségl + ezwdséd
1A
g2

X [6720 cos? E+e? sin® &(e? cos? Y —+e~? sin’ w)] dg?

1 7% a 2
+T22A 3e2 cos &

X [(e¢ sin? v+e? cos? 1//)d1ﬂ2
+¢? cos® Y (da — gA'?)?

+e ¢ sin? Y (df — gA34)2] (6D
s 12 43 6 34 _ 43 6
with A= = A(l) + A(])v A" = A(l) - A(l) and
A =X sinzé‘,?
+e~ 7 cos’ & (e_"’ cos® ¥ + e? sin’ 1/’) - (62)

From the metric, we see that the SO (2) x SO(2) symmetry
corresponds to the isometry along the « and B directions.

3.2 AdS3 vacua with SO (2)djag Symmetry

We now consider Ad S3 solutions with SO (2)giag C SO (2) x
SO2) C SO3) x SO(3) symmetry. In this case, there are
three SO (2)diag singlets from the nine scalars in SO (3, 3)/
SO(3) x SO(3) coset. These correspond to non-compact
generators

Y=Y +Yn, Ya=VYs3, V3=Y,- Yo (63)
The coset representative takes the form of
L = e¢'flle¢2flze¢3?3. (64)
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02} {02} {02} p
01} {01} {01} «
00} {00} {00} «
—01} {-0.1 {01} g
—02} {-0.2 H-02} «
02 oA 00 o1 02 o2 “on 00 01 02 02 oA 00 o1 02
Fig. 1 Regions (blue) in the parameter space (p21, p22) where good AdS3 vacua exist. From left to right, these are the cases of (k| = kp = —1),
(ky = —1, kp = 0) and (k; = —kp = —1), respectively. The orange regions correspond to interchanging k| and k»
a(n) ()
. Loy 0.20f
1 2 L
0.15[
-0.2}
0.10{
o4l 0.05[-
. L,
1 2
-06| [
-0.05
(a) o solution (b) ¢ solution
w(n
20

(c¢) V solution (d) W solution

Fig. 2 RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFTs with SO (2) x SO(2) symmetry dual to
AdS3 x H? x H? solutions for (p21, p22) = (15, — ). (15. —=3). (3. =1). (1. 1) (blue, yellow, green, red)
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a(n)

:4 ‘ /6 ﬁg -‘1 : 4 ﬁ
. —0.5?

—1.0;

s

(a) o solution

2]

03fF

(b) ¢ solution
W(r)

(¢) V solution

(d) W solution

Fig. 3 RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFTs with SO (2) x SO(2) symmetry dual to
AdS3 x H? x R? solutions for (p21, p22) = (%, —%), (%, —1—10), (%, —%), (—%, %) (blue, yellow, green, red)

The ansatz for SO (2)giag gauge fields is obtained from that
of SO(2) x SO(2) givenin (39) and (40) by setting g2A6 =
g1A3 or, equivalently,

gp21 =gip11 and gap2 = g1pi2. (65)

We will also simplify the notation by redefining the charges
p1 = p11 and pp = pi2. In this case, the four-form field
strength is given by

Hy = pP1p2
T 8 Vang?

xe!' A e?l A e

e —2(V4+W) (g12 _ g%)

02 A e, (66)
and the twist conditions read

g1p1 = k] and 8g1pP2 = k2. (67)

Using the projection conditions (43) and (47), we obtain
the corresponding BPS equations. It turns out that com-
patibility between these BPS equations and field equations
requires either ¢1 = 0 or ¢3 = 0. Furthermore, setting

@ Springer

¢3 = 0 gives the same BPS equations as setting ¢1 = 0
with ¢3 and ¢ interchanged. We will then consider only the
¢3 = 0 case with the following BPS equations

1 ¢
U = Eﬂ |:cosh 2¢1(g1e 7 cosh ¢

+g2e % sinh ) + 8he™

—2ple_2V (cosh ¢ + &1 sinh ¢2)
82

—2p2e_2W (cosh ¢ + s sinh ¢2)
82

+g1e % cosh ¢y — gre™ 7 sinh ¢,
3

_ 30 _
5’ 2<V+W><g%—g%>p1pz] (68)

hg%
1 o
VvV = Eef |:cosh 2¢1(g1e” 7 cosh ¢

+g2e~ % sinh ) + 8hes
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a(r) (N

1 1 I 1 1 1 L L L F
-4 ]( [ﬂ -1 | 1 2 03}

17

0af
-10F
1 > '
-15+-
(a) o solution (b) ¢ solution
V() 0]

25

(¢) V solution (d) W solution

Fig. 4 RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFTs with SO (2) x SO(2) symmetry dual to
AdS3z x H? x §2 solutions for (p21, p2) = (ﬁ, -2), (%, -5), (%, -2), (—%, 9) (blue, yellow, green, red)

-2V 81 . 1 o
+8pie <C°Sh g2+ sinh ¢2> o' = et |:cosh 2¢1(g1¢”7 cosh ¢ + gae ™ sinh ¢2)
_ 81 . o
—2pre " (cosh ¢2 -+ sinh ¢z> —32heT —2pje 2 (cosh ¢> + 5L sinh ¢2>
82
. e
+g1e” 7 cosh ¢ — gre™ sinh ¢ _2pye 2V (cosh b2 + 8L Ginh ¢2)
82
3o _
+2hg2 e 2 2(V+W)(g% - g%)P1P2:| ) (69) +g1e7? cosh gy — gre™ 7 sinh ¢y
2
I 3
R B o +——e 2 2VEW (et — e pipa | (71
W' = EeZ cosh2¢(g1e” 7 cosh ¢y + goe ? sinh ¢) 2hg;
1 _o
s g @1 = —=e 2 sinh 2¢; (g; cosh ¢ + g sinh ¢), (72)
+8he? —2pre” 2 (cosh ¢ + =— sinh ¢>2) | 2
2 o
§ P = Eef I:e_" [g2 cosh ¢ — g1 sinh ¢

_ 81 .
+8pae 2w (cosh ¢2 + = sinh ¢2) )
82 — cosh 2¢ (g2 cosh ¢, + g1 sinh ¢)]

0 coshdr — ere=7 sinh
+g1e " cosh gz = goe 7 sinh ¢ —2ple_2v (sinh b2 + &1 cosh ¢>2)
82

32 (VW) 2 2
e 2 — , 70
el (g1 gz)Plpz} (70)

—2p2e_2W (sinh b2 + & cosh ¢2)i| . (73)
&2
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In this case, solutions to the BPS equations are asymptotic
to the two supersymmetric AdS7; vacua with SO(4) and
SO (3)diag symmetries at large r. Furthermore, unlike the
previous case, all charge parameters are fixed by the twist
conditions, and there exist only AdS3 x H 2 % H? solutions.

We now look for AdS3 fixed points. The solutions also
preserve four supercharges and correspond to N = (2, 0)
SCFTs in two dimensions as in the previous case. We begin
with a class of AdS3 fixed points for ¢ = 0

2

2 2
O'=§¢2—|——1I1|: £18

. (74
12h(g5 + 28182 — 3gf)]

5

6= L1n 3¢7 — 28182 — &3
2 | 3gt+2g182—83 |

1 27(g1 — g2)* 4
Vewetm (g12 ng) (2g1 + 822) a6
10 16h glgz(g2_9gl)

(75)

(77)

1
s, 8(9gtgr — 10g2g3 +g3)° |’
’ 3hgt(g3 —38})°

with g» > 3gj or go < —3g1 for AdS3 vacua to exist. An
example of RG flows from the SO(4) Ad S7 critical point to
this AdS3 x H? x H? fixed point for go = 4g; and h = 1 is
shown in Fig. 5 with ¢; set to zero along the flow.

Another class of AdS3 x H? x H? solutions with ¢; # 0
is given by

[ 8182 ]
o=-=In )
5 L12h/(g2 +g1)(g2 — &1)

1 —

2 gt

1 27 2 ,2N\4
V=W=—In % ,

10 16h-g\g5

1

8(gt —8)? |°

L = | ——— 78
AdSs |: 3hgle] (78)

with the condition g» > g;. Examples of RG flow solutions
from the SO(4) and SO (3) AdS; vacua to these AdS3 X
H? x H? fixed points are respectively shown in Figs. 6 and 7
for go» = 4g1 and h = 1. Note that ¢; and ¢ have the same
value at both the SO (3) AdS7 and AdS3 fixed points.

Moreover, with a suitable set of boundary conditions, there
exists an RG flow from SO (4) AdS7 to SO(3) AdS7 fixed
points and then to AdS3 x H? x H? critical point as shown
in Fig. 8. All AdS3 vacua and RG flows in this case can-
not be uplifted to eleven dimensions since the existence of
these solutions require g; # g». Therefore, the correspond-
ing holographic interpretation is rather limited.

@ Springer

3.3 AdS3 vacua with SO (2) g symmetry

‘We now move on to Ad S3 solutions with SO (2)g C SO(3)r
symmetry. There are three SO(2)gr singlet scalars from
S0O@3,3)/SO3) x SO(3) coset. These correspond to non-
compact generators Y31, Y3 and Y33. Therefore, the coset
representative can be written as

L = 91131 92132 ;63733 (79)

To perform the twist, we take the following ansatz for the
SO (2)g gauge field

A} = _ﬂe—vwem _ &e—wwe@'
M ki Sy (01) ko Jiy (02)

The four-form field strength in this case is given by

(80)

1 . . .
_2(V+W)p1p2601 Ae?l A 892 A e (81)

Hyy = — e
W)

We can now repeat the same procedure as in the previous
two cases to find the corresponding BPS equations. In this
case, it turns out that compatibility between the BPS equa-
tions and second-order field equations allows only one of the
¢i, i = 1,2,3, to be non-vanishing. We have verified that
any of the ¢; leads to the same set of BPS equations. We will
choose ¢1 = ¢ = 0 and ¢3 # O for definiteness. With this
choice, the BPS equations are given by

1 o 30
U = gef |:gle_" —}—4he37 — e_2vp1 — e_2Wp2
3 —2(V+W)
T pip2 |, (82)
’r_ l o [ —0 3
Vi = §e2 gre ° +4he
_ _ L
+de 2Vp1 e 2Wp2 i Ee 2(V+W)p1p2:|’ (83)
’ I o [ —0 30 -2V
w =§e2 gie”” +4her —e P1
_ I _
e py — e 2<V+W>p1pz], (84)
, 20 3o oy —2W
o =§eZ gie”? — 16he2 —e p1—e P2
1 _
e 2(V+W)p1172] (85)
95 = =7 g1+ e (@ pr+ e py) |sinh . (86)

For these equations, there exist AdS3 fixed points only for
ki = ko = —1. The resulting AdS3 x H? x H? solution is
given by

b3 =0, a:gln[g—l],

5 12h
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a(n ¢2(1)
0.30f
r 0.7
0.25+ 0.6
020 0.5
[ 0.4
0.15
0.3
0.10
0.2
0.05} o4
1 I " L L 1 L L L r
-4 -2 3 2 4 -4 -2 3 2 4

(a) o solution

Vi)

(b) ¢2 solution

wn

(¢) V solution

(d) W solution

Fig. 5 An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)gjag symmetry dual to

AdS3 x H? x H? solution

P 27
= = —In| —— .
10| 16h2g%

1

8 3
Lags, = [@] . &7
1

This solution again preserves four supercharges and corre-
sponds to N = (2, 0) SCFT in two dimensions. An example
of RG flow solutions from N = (1, 0) six-dimensional SCFT
to this fixed point for # = 1 and ¢3 = 0 is shown in Fig. 9.
Note that the Ad S3 fixed point and the RG flow are also solu-
tions of pure N = 2 gauged supergravity with SU(2) gauge
group.

As in the case of AdS3 solutions with SO(2) x SO(2)
symmetry, the above solutions can be uplifted to eleven
dimensions by setting go = g1. The eleven-dimensional met-
ric can be obtained from (61) by setting ¢ = 0 and A?l y =0,

or equivalently A'?> = A3* = A3. The result is given by
d§? = N |:e2de%’1 +dr? +¢?Vds?, + ezwdséz :|
kp

2
Ek]

2 o
~|——2A_% <e_2" cos> & + e2 sin® E) dg?
8

1 o
+—2A_%e7 coszs [dlﬂz + cos? Y(doa — gA3)2
8

2
+sin? Y (df — gA)’ ] (38)
with
A =e%sin®E +e 7 cos? . (89)

It should also be pointed out that the seven-dimensional solu-
tion in this case has recently been discussed in the context of
massive type IIA theory in [40].

4 Supersymmetric AdS3 x Ml‘: solutions and RG flows
In this section, we repeat the same analysis for M* being a
Kabhler four-cycle and look for solutions of the form AdS3 x

M,f. For the constant k = 1,0, —1, the Kahler four-cycle
is given by a two-dimensional complex space C P2, a four-
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dimensional flat space R*, or a two-dimensional complex

hyperbolic space C H?, respectively. The Kahler four-cycle

has U (2) ~ SU(2) x U(1) spin connection. We can perform
a twist by using either SO(2)g ~ U(l)g or SOQ3)p ~
SU(2)r gauge fields to cancel the U (1) or SU(2) parts of

the spin connection.

4.1 AdS3 vacua with SO(2) x SO (2) symmetry

We begin with AdS3 vacua with SO(2) x SO(2) symme-
try and take the following ansatz for the seven-dimensional

n "
-29 -28 =27

(a) o solution

metric
o ¢2(n)
-29 7‘28 -27 7%6 -25 " 727 7&6 725
—0.05| -0.05f
-0.10+ -0.10F
-0.15F -015F
-0.20F -0.20
-025[ -025
.
-26 -25
(b) #1 solution (c¢) ¢ solution
Vi) wo
101 10+
5k 5F
-29 -28 =27 -26 =25 -29 -28 =27 -26 25

(d) V solution

(e) W solution

Fig. 6 An RG flow from SO(4) N = (1,0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)giag symmetry dual to

AdS3 x H? x H? solution

*(R)

90

L L s L
-4 -2 2 4

(a) o solution

(b) #1 solution

vin
a0

30

20+

(¢) ¢2 solution

(d) V solution

(e) W solution

Fig. 7 An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)gjag symmetry dual to

AdS; x H? x H? solution
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o (0 $2(n)
L L L " L N L L N
012 5 -4 ) =] 1 2 ~2 ] 1 2
010 -0.05F -0.05F
0.08 -0.10f -0.10f
0.06
-0.15F —0.15F
004f
-0.20F -020F
0.02
L L \ . R N -0.25F -0.25F
-5 -4 -3 2 =] 1 2
(a) o solution (b) ¢1 solution (¢) o2 solution
v(r) wir)
20f 20F
15 15
10 10
sf 5[
L L L L - L L L L L,
-5 -4~ -3 2 -1 1 2 -5 -4~ -3 -2 -1 1 2

(d) V solution

(e) W solution

Fig. 8 AnRG flow from SO(4) N = (1,0) SCFT to SO(3) N = (1, 0) SCFT in six dimensions and then to two-dimensional N = (2, 0) SCFT

with § O (2)diag Symmetry dual to AdS3 x H? x H? solution

a(n)
0.12

W

V(r)

L
-2

L
4

) T

(a) o solution

(b) W solution

(c¢) V solution

Fig. 9 An RG flow from SO(4) N = (1,0) SCFT in six dimensions to two-dimensional N = (2,0) SCFT with SO(2)g symmetry dual to

AdS3 x H? x H? solution

ds? = 2V dx? | +dr? + ezv(’)dszzw. (90)
’ k
The metric on the Kahler four-cycle M,f is given by
de* | ¢* ¢’
ds?, = + (tf + )+ w3 (91)
M fie) - fil) @
with ¢ € [0, 5] and the function f;(¢) defined by
filp) = 1+ ke, 92)

7,1 = 1,2, 3, are SU(2) left-invariant one-forms satisfying
dt, = %s,- ikTj A T Their explicit form is given by

—sin xdO + cos x sinfdy,

cos xd6 + sin x sin 0dyr,

71

T2

3 =dy + cosOdi. (93)

The ranges of the coordinates are 6 € [0, 7], ¥ € [0, 2],
and x € [0, 4r].
By choosing the following choice of vielbein

e = eVdx®, ei = ean,
N
v fr (@)
e = dr, 3 = ev—r3,
Si(p)
i 1
4 \4
e = do, 94)
Ji(@)
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we find non-vanishing components of the spin connection

Yo=U'e", o'y =Ve,i=1,2,3,

CIT ST TR
i @Gk’ + D) .
2 S (@) '
a)AA = a)éA = ! 7,
N ' VR @
o 2
o'y = %g. (95)

We can now perform the twist by turning on SO(2) x
SO(2) gauge fields with the following ansatz

3<p2

Al = p1———13 and
O VAW
3p?
Al = pr— 3. (96)
NI}
The associated two-form field strengths are given by
Fé) = 36_2Vp] Jo) and F(Gz) = 36_2Vp2.](2) o7
where J(2) is the Kahler structure defined by
Jo) = ei A ei — e3 A ei. (98)

To implement the twist, we impose the following projectors
on the Killing spinors

Vis€ = —V35€ = io’e 99)
together with the twist condition

g1p1 =k. (100)

As in the previous cases, we need to turn on the three-form
field with the field strength
Hay = ’
8v/2h
With all these and the y, projector (47), we can derive the
following BPS equations

3

e_4V(p% — p%)ei A ej Ae’ A ez‘. (101)

,_1 g o _30
U _§e2 (g1e ° cosh¢p +4he™ 7))

—6¢7 2V (p) cosh ¢ + ps sinh ¢)

27 30

+o e T - ), (102)
8h

’ l o —c _30
Vi = gez [(gle cosh¢ + 4he™ 2)

+9¢72Y (p1 cosh @ + p sinh @)
9 3

—e TVt - ph]. (103)

[\

a Sa

o =Ze2 [(gle*" cosh¢ — 16he™ 7))

|9}
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—6e7 %Y (p1cosh ¢ + pysinh @)

9 _30_
— e TVt d) (104)
¢ = —gie 7 sinh¢
—6e7 72V (p; sinh ¢ + p cosh @) (105)

with ¢ being the SO (2) x SO(2) singlet scalar in (41).
The BPS equations admit an AdS3; x CH? fixed point
given by

g1pi
4 2 2 4
120,/ pf — 10p}p3 +9p%

_ L Pt +2pip2 —3p3
2 | pl—2pip2—3p3 |’

o=-=In

1 38(p2 _ p2y4
V= 2§p1 1722) 3|
10 16h°gi9p1p; — p7)
1
8(py —10pip3 +9p1p3)?* |’
3hgt(pi —3p3)°

Laas; = (106)

The AdS3 solution preserves four supercharges and exists
for

1 1
<pr<-—

- — (107)
48h 48h
with g; = 16h,k = —1,and h > 0. The AdS3 x C H? fixed
point is dual to an N = (2, 0) two-dimensional SCFT.
Examples of RG flows interpolating between this AdS3
fixed point and the SO (4) AdS7 critical point for 4 = 1 and
different values of p, are shown in Fig. 10.
As in the ©2 x X2 case, the AdS3 x CH? fixed point and
the associated RG flows can be uplifted to eleven dimensions
by setting g» = g1. The eleven-dimensional metric can be

obtained from (61) by replacing e2vds§2 + ezwds%2 by
ky k2

ezvdsid4 and using the gauge fields in (96). We will not
repeat itkhere.

4.2 AdS3 vacua with SO (2)gjae Symmetry

We next consider solutions with smaller residual symme-
try SO2)dgiag C SO(2) x SO(2) by imposing the condi-
tion g2 p2 = g1 p1- There are three SO (2)giag Singlet scalars
with the coset representative given by (64). As in the previ-
ous section, compatibility between BPS equations and field
equations requires ¢; = 0 or ¢3 = 0, and these two cases
are equivalent. We will consider the case of ¢3 = 0 with the
following BPS equations
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(a) o solution

Fig. 10 RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two- dlmensmnal N =

(b) ¢ solution

" " L L s L
2 4 -4 -2 2 4

(¢) V solution

(2,0) SCFT with SO(2) x SO(2) symmetry dual

to AdS3 x C H? solution. The blue, orange, green and red curves refer to py = fﬁ, f@, 1%0 521;0 respectively
, 1 o ) SCFTs in two dimensions with SO (2)giag symmetry. With
U = —e2 (gle cosh” ¢1 cosh ¢ 5 .
5 k = —1, the first class of AdS3 x C H* fixed points is given

+g2¢77 sinh? ¢; sinh ¢ + 4he375>
2V 81 .
—6e (cosh ¢ + = sinh ¢2) Pl
82

27
Shg%

_ 30 _
e ‘W(g%—g%)p%}, (108)

l o — 2
gez (gle cosh” ¢1 cosh ¢
+g2¢77 sinh? ¢; sinh ¢ + 4he370>

+9¢72Y <cosh by + s sinh ¢>2) P1
82

n (109)

—39 _4v, 2 2\ 2
e 2 - ,
gy (&1 82)P1i|

a

ez |: (g1e  cosh? ¢1 cosh ¢

Q
I
Ulll\)

+g2e ¢ sinh? ¢ sinh ¢ — 16he376)

—6e2Y (cosh by + s sinh ¢2> P1
82

—30_4v, 2 2y.2

+ e 27 (g1 — &)1 | (110)

4hg%

¢| = —e™ 7 cosh ¢ sinh ¢ (g cosh ¢ + g2 sinh ),
(111)

¢y = —e? |: (gle 7 cosh® ¢y sinh ¢
+g2¢77 sinh? ¢ cosh ¢2)
62 <sinh ¢ + &L cosh ¢>2) p1:| . (112)
82

There exist two classes of AdS3 x C H? fixed points pre-
serving four supercharges and corresponding to N = (2, 0)

by

¢ =0,
2 2
o = —¢2 + - In 3 g1g2 2 P
5 5 12h(g5 + 28182 — 387)
by = 11381 — 28182 — g3
2 3¢ +28182— &3

V= il 38(g? —82)4 ’
10 16hzg1g2(g2 1)

1
L — 8(9gtgr — 10g7g3 + 37 |’
’ 3hgt(g3 —38})°

(113)

with go > 3g; or g» < —3g; for AdS3 vacua to exist.
An RG flow solution from the SO (4) Ad Sy critical point to
AdS3 x C H? fixed point for ¢1 =0, g =4grand h = 1is
shown in Fig. 11.

Another class of AdS3 x C H? fixed points is given by

8182 }
| 128/ (g2 + g1) (g2 — g1)

1 _
¢>1=¢2=—1n[u:|,

o=-=In
5

2 leta
'34 2 2\2
vl 26— g)
4hg1g2
Laas, = —8(g1_g2)2 (114)
3 3hg1g2

To obtain good AdS3 vacua, we require that g» > g1. Var-
ious RG flows from N = (1, 0) six-dimensional SCFTs
with SO (4) and SO (3) symmetries to these fixed points for
g2» =4gj and h = 1 are shown in Figs. 12, 13 and 14.
As in the case of M* = £2 x 2, all of these AdS; fixed
points and RG flows cannot be uplifted to eleven dimensions
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Fig. 11 An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)4jag symmetry dual to

AdS3 x CH? solution
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(c) ¢2 solution
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~0.25]

(b) ¢1 solution
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(d) V solution

Fig. 12 An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)dia; Symmetry dual to

AdS3 x CH? solution

using the truncation given in [37], so we do not have a clear
holographic interpretation in this case.

4.3 AdSs vacua with SO (2) g symmetry
By setting p» = 0 in the SO(2) x SO(2) case, we obtain

solutions with SO(2)g C SO (3) g symmetry. As in the pre-
vious case, the three S O (2) g singlet scalars need to vanish in
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order for Ad S3 fixed points to exist. We will accordingly set
all vector multiplet scalars to zero for brevity. The resulting
BPS equations are given by

1 o o 27
U = 567 |:g167” +4h637 —6e 2V p + 871674\/])12] ., (115)
. - 3 —av 9 —av 2
V' = geZ gre % +4he2 +9¢ " p; — wme P (116)
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Fig. 13 An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)dia; Symmetry dual to

AdS3 x CH? solution

I
o =

SRS

o S0 9
e? |:gle_<7 — 14he — 6e 2V p| — Ee_wp%] . (117)

After imposing the twist condition (100), we obtain an AdS3
solution for k = —1 given by

2 1 8
a:—ln[ﬂ], V=—1In 3— ,
5 L12n 10 | 16n2g%

g 1
Laas, = gt |
1

An RG flow from SO (4) AdS7 to this fixed point for 7 = 1
is shown in Fig. 15.

(118)

4.4 AdS3 vacua with SO (3) diag Symmetry

For Kahler four-cycles with SU(2) x U(l) spin con-
nection, we can also perform the twist by identifying
SO@3) ~ SU2) c SUQ2) x U(1) with the gauge sym-
metry SO (3)diag C SO(3) x SO(3). In this case, we will

use the metric on M,f in the form

ds? , = dg* + fi(@)? (1} + 5 +13)

M= (119)

with 7; being the SU(2) left-invariant one-forms given in
(93) and fi(¢) defined in (36).

With the seven-dimensional vielbein
e =eVdx?, o =dr,

e =e" fulp)n, i=1,23, e =e"dy, (120)

we can compute the following non-vanishing components of
the spin connection
Wl = U'e®, o=V, o=V

o'y = filpm, o =eapu. (121)
We then turn on the SO (3)4iag gauge fields as follow
i 82 i+3 P,
Al =224 = 2 D1,
M= g o T (fi(p) + D7
i=1,2,3 (122)
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Fig. 14 An RG flow from SO(4) N = (1,0) SCFT to SO(3) N = (1, 0) SCFT in six dimensions and eventually to two-dimensional N = (2, 0)

SCFT with SO (2)diag symmetry dual to AdS3 x CH 2 solution
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Fig. 15 An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (2, 0) SCFT with SO (2)r symmetry dual to

Ad Sz x CH? solution
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with the two-form field strengths given by

F(lz) = %Fé) =e Vpe' net + 2 ned), (123)

Fa =555 —ep el ned+et nch, (124)
81

F(32) = &F(éz) = Vp' ned 4 net). (125)
81

As in the previous cases, we also need a non-vanishing four-
form field strength

3
Hy =
@ = S

together with the twist condition

6_4V(gf — g%)pzei A eé A e3 Aet (126)

gip=k (127)
and the following projectors
Yré = —V¥j333€ = € and Vi€ = ie,-jkake. (128)

It should be noted that the second condition in (128) consists
of only two independent projectors since y;5 projector can
be obtained from the product of those coming from y;5 and
¥53- Therefore, the resulting Ad S3 fixed points preserve two
supercharges corresponding to N = (1, 0) superconformal
symmetry in two dimensions.

With all these and the coset representative for the
SO (3)diag singlet scalar in (30), we find the following BPS
equations

_ 1
5
9% o4y o

- e 2 (g1 — &)
Shgg §17 8

—6p672V (coshqb + 81 sinh ¢>:| ,
82

a 30
U’ e? |:(g]e_‘7 cosh® ¢ + gre 7 sinh® ¢ + 4he ™)

(129)

1l o 30
V = —e2 |:(gle_‘7 cosh® ¢ + gre 7 sinh® ¢ + 4he )
3 2
+2
4hgs

+9pe_2v (cosh¢ + 81 sinh ¢>} ,
82

e F Y (2 g2
(130)

/
o =

Wl

o 30
e2 [(gle—" cosh® ¢ + goe~ sinh? ¢ — 16he 2 )

3p2
+ 2
4hgs

_ 30 _
e~ T W (gl —¢d)

—6pe_2v (cosh¢> + 81 sinh¢>>} , (131)
82

1 o
¢’ = ———e "2 (g1 cosh ¢ + g sinh ¢) (g sinh 2¢ + 4pe

U—2V).
2¢>

(132)

We now look for Ad S5 fixed points for the case of g» = g1
that can be embedded in eleven dimensions. Setting g2 = g1

in the above equations, we find the following AdS3 x C H?
fixed point

3
2 31 1
o=-In ‘81 , ¢=-1In3,
16h 4

1
v 11 18 . 64 |°
—_ - n — N = — .
5 | ng? AT 27 g

An RG flow interpolating between the SO (4) AdS7 vacuum
and this AdS3 x C H? fixed point is shown in Fig. 16.

We can also uplift this solution to eleven dimensions by
first choosing the 3 coordinates

(133)

u® = (cosyrpa?, siny), a,b,...=1,2,3 (134)

with /1% being coordinates on S2 satisfying 1% = 1. After
using the SL(4, R)/SO(4) matrix

T,y = diag(e?, e?, e?, e7%) = (Supe?, e7?), (135)
we find the eleven-dimensional metric
d§?, = N [eZdefl + dr?

+e2V[dg? + il + 7 + )]

+%A7%672”

— 0

X cos2.§’ + e%(7 sin? £(e? cos? v+ 3% sin? ¢)] dé‘z

I _2 0 . . @ —3¢
+—5AT3ezsinésinycosy(e” —eP)dEdY
8

] Z o
+——A"3e? cos?
2g2 §
X [(e_3¢ cos? ¥ + e? sin® y)dy? + e? cos® wDﬁ“D,ﬂc“]

(136)

N

with A given by

A = ¢~ 7 cos? E(e? cos’ v+ &3 sin? v) + g sin2§
(137)

and D* = dji® + gA*’i®. The gauge fields A°? are given
by

AB = 242

12 3 23 1
A2 =243, 4y AP =24l (138)

For g» # g1, we find the following Ad S3 fixed points

ln[ 38162 i|
28h/(g2 + g (g2 — g |’

In [M] , (139)
g + g1

= N

@ Springer



652 Page 20 of 23

Eur. Phys. J. C (2019) 79:652

%6)

L L L
-4 -2 2 4

(a) o solution

L
4 ~2

L
2

(b) ¢ solution

=z

-2

(¢) V solution

Fig. 16 An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-dimensional N = (1, 0) SCFT with SO (3)4ijag symmetry dual to

AdS; x CH? solution for g| = g
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Fig. 18 An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-dimensional N = (1, 0) SCFT with SO (3)dia; Symmetry dual to
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S0 (3)diag symmetry dual to AdS3 x C H? solution
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1, [ 3087Gs — g3
10 16h2g% g8

Lags, = (140)

1
24(g7 —g9)* |’
Tgig3h

These are Ad S3 x C H? solutions with the condition g5 > g1.
Finally, we can numerically find RG flow solutions connect-
ing these fixed points to AdS7 vacua with SO(4) and SO (3)
symmetries. Examples of these solutions for go = 1.1g1 and
h = 1 are given in Figs. 17, 18 and 19.

5 Conclusions

We have studied supersymmetric AdS3; x M* solutions
of N = 2 seven-dimensional gauged supergravity with
SO(4) ~ SU(2)x SU(2) gauge group. For M* being a prod-
uct of two Riemann surfaces, we have found a large class of
AdS3 x H* x £? solutions with SO (2) x SO(2) symmetry
for £2 = §2, R?, H? similar to the corresponding solutions
in maximal SO(5) gauged supergravity studied in [8]. Fur-
thermore, there exist a number of AdS3; x H 2 % H? solutions
with § O (2)diag and S O (2) g symmetries. In the latter case, all
scalars from vector multiplets vanish, so the Ad S3 x H? x H?
solution can be interpreted as a solution of pure N = 2
gauged supergravity with SU (2) gauge group. We have also
numerically given various holographic RG flows from super-
symmetric AdS7 vacua with SO (4) and SO (3) symmetries
to these AdS3 fixed points. The solutions decribe RG flows
across dimensions from N = (1, 0) SCFTs in six dimensions
to two-dimensional N = (2, 0) SCFTs in the IR.

For M* being a Kahler four-cycle, the AdS; solu-
tions only exist for the Kahler four-cycles with negative
curvature. In this case, the spin connection on M* is a
UR) ~ SUQR2) x U(1l) connection. There are two pos-
sibilities for performing the twists, along the U(1) and
SU(2) ~ SO(3) parts. For a twist by U(1) ~ SOQ2)r C
SO3)g, we have found AdS; x CH? fixed points with
§0(2) x SO(2), SO(2)diag and SO(2)g symmetries. The
solutions preserve four supercharges and correspond to
N = (2,0) two-dimensional SCFTs. For a twist along
the SU(2) ~ SO(3) part, we have performed the twist
by turning on the SO (3)giag gauge fields. Unlike the pre-
vious cases, the AdS3 fixed points in this case preserve
only two supercharges. The solutions are accordingly dual
to N = (1, 0) two-dimensional SCFTs. We have studied RG
flows from supersymmetric AdS7 vacua to these geometries
as well.

All of these solutions provide a large class of AdS3 X
M* solutions and RG flows across dimensions from six-
dimensional SCFTs to two-dimensional SCFTs. The solu-
tions might be useful in the holographic study of supersym-

metric deformations of N = (1,0) SCFTs in six dimen-
sions to two dimensions. For equal SU(2) gauge coupling
constants, the SO (4) gauged supergravity can be embedded
in eleven-dimensional supergravity. We have also given the
uplifted eleven-dimensional metric. These solutions with a
clear M-theory origin should be of particular interest in the
study of wrapped M5-branes on four-manifolds.

For solutions with different SU(2) coupling constants,
there is no known embedding in string/M theory. Therefore,
in this case, the holographic interpretation as RG flows in the
dual N = (1, 0) SCFTs should be done with some caveats. It
would be interesting to look for the embedding of these solu-
tions in ten or eleven dimensions. This could give rise to the
full holographic duals of the effective theories on 5-branes
wrapped on four-manifolds. Similar solutions in N = 2
gauged supergravity with other gauge groups also deserve
further study. Finally, it should be noted that the RG flows
across dimensions given here can be interpreted as super-
symmetric black strings in asymptotically AdS7 space. Our
solutions should be useful in the study of black string entropy
using twisted indices of N = (1, 0) SCFTs along the line of
[41].
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A Truncation ansatz of eleven-dimensional
supergravity on S*

In this appendix, we review relevant formulae for embedding
solutions of N = 2 seven-dimensional gauged supergrav-
ity in eleven-dimensional supergravity. Since the AdS; x
M* solutions involve all types of seven-dimensional fields
namely scalar, vector and three-form fields, the eleven-
dimensional four-form field strength is very complicated.
Accordingly, we omit an explicit form of the four-form in
each case for brevity. It can however be computed by using
the formula given in [37] and the mapping between seven-
and eleven-dimensional fields given here.

The truncation of eleven-dimensional supergravity on §*
leading to N = 2 SO(4) seven-dimensional gauged super-
gravity is described by the metric ansatz
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2 2.3
ds“—A ds7 ng 3X

x[Xcoszg—i—X sin éT e ﬂ]dfz

1
——A_?X T sméu dSD,u
g’
1
+2—A_?X T 'cos>eDu Dl (141)
g2
with the following definitions
Y =du® + gA(l’ﬁ;uﬂ and
A =cos? EXTougu®uP + X *sin&. (142)

u*, a =1,2,3, 4, are coordinates on $3 satisfying u*u* =
1.

Together with the four-form ansatz given in [37], the
Lagrangian for the resulting N = 2 gauged supergravity,
after multiplied by % reads

1 | af 1
£7:§R 1—§X T, Tﬁa*F(z)/\F(z)

1. S
—gTaﬂl « DTy AT 5 DTsq — ZX4 s Fuy A Fa

Sy-2
X" “xdX NdX

1 8
—€apysAG) A F ﬁ A F();) —3

16

1
_ZgF(4)/\A(3)_V*1 (143)

with the scalar potential given by

1
V:Zgz[ 20(0[

(144)

1
—2X 3Ty 42X (aﬂTaﬂ T2>:|.

A symmetric scalar matrix faﬂ, o, B = 1,2, 3,4 with unit
determinant describes nine scalarsin SL(4, R)/S O (4) coset.
This is equivalent to SO(3,3)/SO3) x SO(3) coset due
to the isomorphisms SO(3,3) ~ SL(4,R) and SO(4) ~
SO@B) x SO3).

In term of the SL (4, R)/SO (4) coset representative VaR
with SO (4) indices R, S, ... =1, 2, 3, 4, we have the rela-
tion

aﬁ =V, V/s RS- (145)
The SO(3,3)/SO(3) x SO(3) coset representative L4 is
related to that of SL(4, R)/SO(4) by the relation

1

2 (146)

in which I'/ and » are chirally projected gamma matrices
of SO (3, 3) satisfying the relations

(s (07 = —4n!’ and

(T Hap(Tr)ys (147)

—2eupys

@ Springer

and [ef = (Faﬂ, —F’+3) i = 1,2, 3, see more detail in
[32]. Note also that n RS also satisfy similar relations which
we will not repeat them here. We use the following choice of

1
L, 8
rN=—ioo®o0,, I'?

M=ioi®a0, I =

=—iop®03, " =il ® 07,
—i @@L, T’ =ioc3 ®0r. (148)

All these ingredients lead to the following identification
of the fields and parameters in seven and eleven dimensions

a

g =g1=16h=2g, X =¢e¢ 2,

Ca) = Al =1 A, (149)

1
—=Ap),
2
With this identification, it can also be easily verified that the
scalar matrix for the gauge kinetic terms also match

1~
7 T—lraﬂryr?

ajy = Z ay 188 (150)

For convenience, we explicitly give the SL(4,R)/SO (4)
coset representative V, X and SO (4) gauge fields A*? as fol-
low.

o SO(3)diag singlet scalar:

3
VR = diag(e?, €%, e%, e~ %), (151)
A =A%+ A% =247,
A13 =—A2—A5=—2A2
AP = —Al — At = 24l (152)

We have used the relation A’ = £ A’ +3 with gr = g1.
e SO(2) x SO(2) singlet scalar:

¢ ¢
2 2

VR = diag(e?, e?, e~ %, e %), (153)
A2 = A3+ A5, A% =A% — AS.

(154)
o SO(2)giag singlet scalars:
¢%0 0 0 0
R 0 % 0 0
Va = ()
0 0 - 2 cosh ¢3 e‘Pl’T sinh ¢3
0 0 - 2 sinh ¢3 e —¢1- 2 cosh ¢3
(155)
A2 =243 (156)
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In all cases, it can be verified using the relation (146) that the
above V, X give precisely L;4 in the main text.
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