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Abstract We study supersymmetric AdS, x 77", n =
2,3,4,5 solutions in seven-dimensional maximal gauged
supergravity withCSO(p,q,5—p—¢q)andCSO(p, q,4—
p — q) gauge groups. These gauged supergravities are con-
sistent truncations of eleven-dimensional supergravity and
type IIB theory on HP9 o T3P~ and HP9 o T* P74,
respectively. Apart from recovering the previously known
AdS,, x ©77" solutions in S O (5) gauge group, we find novel
classes of AdSs x S2, AdS; x S? x £% and AdS; x CP?
solutions in non-compact SO(3,2) gauge group together
with a class of AdS3 x CP? solutions in SO (4, 1) gauge
group. In SO(5) gauge group, we extensively study holo-
graphic RG flow solutions interpolating from the SO(5)
supersymmetric AdS7 vacuum to the AdS, x X7~ fixed
points and singular geometries in the form of curved domain
walls with Mkw,_; x 77" slices. In many cases, the sin-
gularities are physically acceptable and can be interpreted
as non-conformal phases of (n — 1)-dimensional SCFTs
obtained from twisted compactifications of N = (2,0)
SCFT in six dimensions. In SO (3, 2) and SO (4, 1) gauge
groups, we give a large number of RG flows between the new
AdS, x 77" fixed points and curved domain walls while, in
CSO(p,q,4— p—q) gauge group, RG flows interpolating
between asymptotically locally flat domain walls and curved
domain walls are given.

1 Introduction

Wrapped branes play an important role in the study of the
AdS/CFT correspondence [1-3] and its generalization to
non-conformal field theories DW/QFT correspondence [4—
6]. In particular, these brane configurations describe RG
flows across dimensions from supersymmetric field theo-
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ries on the worldvolume of the unwrapped branes to lower-
dimensional field theories on the worldvolume of the branes
wrapped on internal compact manifolds. For supersymmetric
theories, the latter are obtained from twisted compactifica-
tions of the former on the internal manifolds. Some amount
of supersymmetry is preserved by performing a topological
twist along the internal manifolds [7].

In this paper, we are interested in solutions describing
wrapped 5-branes in string/M-theory. Rather than searching
directly for wrapped brane solutions in string/M-theory, find-
ing supersymmetric solutions of seven-dimensional gauged
supergravities in the form of domain walls interpolating
between AdS; and AdS, x 7" geometries, with s7-n
being a (7 — n)-dimensional compact manifold, is a more
traceable task. In many cases, the resulting solutions can be
embedded in ten or eleven dimensions by using consistent
truncation ansatze. Solutions of this type in the maximal
N = 4 gauged supergravity with SO(5) gauge group in
seven dimensions have been extensively studied in previous
works [8—15], see also [16—19] for similar solutionsin N = 2
gauged supergravity. For solutions in other dimensions, see
[20-33] for an incomplete list.

We will study this type of solutions within the maximal
N = 4 gauged supergravity constructed in [34] using the
embedding tensor formalism, see also [35,36] for an earlier
construction. Unlike the previously known results mentioned
above, we will consider more general gauge groups of the
form CSO(p,q,5 — p —q) and CSO(p,q,4 — p — q)
obtained respectively from the embedding tensor in 15 and
40 representations of the global symmetry SL(5). Gauged
supergravities with these gauge groups can be obtained from
consistent truncations of eleven-dimensional supergravity
and type IIB theory on H?? o T3P~ and HP9 o T*~P~4,
respectively, see [37] and [38]. The manifold H?9 o T" is a
product of a (p+¢ — 1)-dimensional hyperbolic space and an
r-torus. The former is in general non-compact unless p = 0
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or ¢ = 0in which the H?*? or H% become a (p — 1)-sphere
(SP~ 1 ora (g — 1)-sphere (59~ !). To the best of our knowl-
edge, supersymmetric AdS, x %77" solutions in N = 4
gauged supergravity with non-compact and non-semisimple
gauge groups have not been considered in the previous stud-
ies.

For the aforementioned gaugings of N = 4 supergrav-
ity, only SO(5) gauge group admits a fully supersymmet-
ric AdS7 vacuum dual to N = (2, 0) superconformal field
theory (SCFT) in six dimensions. The AdS, x £7~" solu-
tions describe conformal fixed points in n — 1 dimensions.
In this case, these fixed points correspond to (n — 1)-
dimensional SCFTs obtained from twisted compactifications
of N = (2, 0) SCFT in six dimensions on £7~". For all other
gauge groups, the vacua are given by half-supersymmetric
domain walls dual to six-dimensional N = (2,0) non-
conformal field theories. We accordingly interpret the result-
ing AdS, x £77" solutions as conformal fixed points in
lower-dimensions of these N = (2, 0) non-conformal field
theories. We will study various possible RG flows from both
conformal and non-conformal field theories in six dimen-
sions to these lower-dimensional SCFTs as well as to non-
conformal field theories.

The paper is organized as follows. In Sect. 2, we briefly
review the maximal gauged supergravity in seven dimen-
sions. The study of supersymmetric AdS, x £7~" solutions
in gauged supergravities with CSO(p,q,5 — p — q) and
CSO(p,q,4— p—q) gauge groups is presented in Sects. 3
and 4, respectively. Conclusions and comments on the results
are given in Sect. 5. For convenience, we also collect all
bosonic field equations of the maximal seven-dimensional
gauged supergravity in the appendix.

2 N = 4 gauged supergravity in seven dimensions

In this section, we briefly review seven-dimensional N = 4
gauged supergravity in the embedding tensor formalism con-
structed in [34]. We will omit all the detail and only col-
lect relevant formulae involving the bosonic Lagrangian and
fermionic supersymmetry transformations which are essen-
tial for finding supersymmetric solutions. The reader is
referred to [34] for more detail.

The only N = 4 supermultiplet in seven dimensions is the
supergravity multiplet with the field content

(eﬁ,wZ,Aﬁ’lN,B,wM,X”b",VMA>. @.1)
The component fields are given by the graviton eﬁ , four grav-
itini ¥4, ten vectors Aﬁ” N — ALMN], five two-form fields

Byyum, sixteen spin-5 fermions x“*¢ = x[%PI and fourteen
scalar fields described by the SL(5)/SO(5) coset represen-
tative V2. In this paper, curved and flat space-time indices
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are denoted by u, v, ... and [, 1, ..., respectively. Lower
(upper) M, N = 1,...,5 indices refer to the (anti-) funda-
mental representation § (5) of the global SL(5) symmetry.

Fermionic fields are described by symplectic Majorana
spinors subject to the conditions

Vpa = QibC¥,, and 3 = QuaQpeQesCx (22)

where C denotes the charge conjugation matrix obeying

c=cT=-c'=-c". (2.3)

These fermionic fields transform in representations of the
local SO(5) ~ USp(4) R-symmetry with U Sp(4) funda-
mental or SO (5) spinorindicesa, b, ... =1, ..., 4. Accord-
ingly, the four gravitini v/;; and the spin-% fields x % trans-
form as 4 and 16, respectively. x“b¢

conditions

satisfy the following

¥ =0 and Qupx® =0 (2.4)

with Q4 = Qap) being the U Sp(4) symplectic form satis-
fying

(Qup)* = Q% and Q,.Q = 5. (2.5)

Raising and lowering of U Sp(4) indices by Q% and Q4
correspond to complex conjugation.

The fourteen scalars are described by the SL(5)/SO(5)
coset representative V4, transforming under the global
SL(5) and local SO(5) symmetries by left and right multi-
plications. Indices M = 1,2,...,5and A =1,2,...,5are
accordingly SL(5) and SO (5) fundamental indices, respec-
tively. The SO (5) vector indices of VMA can be described
by a pair of antisymmetric U Sp(4) fundamental indices as

Vu® = V19! satisfying the relation
Vi Qup, = 0. (2.6)

The inverse of V4 denoted by Va M will be written as Vs WM
with
YV =85, and
1
VM Vy? = slesd) — Zsza,,szcd . 2.7)

The bosonic Lagrangian of the N = 4 seven-dimensional
gauged supergravity can be written as
_ 1
e L= SR~ Magp My g HEMN POy

1

3
_EMMNHLE;)MHG)W'ON

1
+§(DMMMN)(D“MMN) —eLyr -V
(2.8)
while the supersymmetry transformations of fermions read

Syl = D€ — gyu A Qpee”



Eur. Phys. J. C (2020) 80:201

Page 30f49 201

3 9
ISH\()P))\.M (yﬂ - 581))/;0)\> Qabv CM ¢

+§H§i>MN<yH — 884y )V Qae VN Qee”.
2.9)
axabc — ZQCdP de ab “6 + gAd achdeee
+2H(2)MN ;LUQd
1
x [VMchNe[aEb] _ g (Qabag
_Qc[a(gfé]) VMngththee]
1 .
_nggpMyuvpvfeM [Qaf Qbeec
1
-5 (sz“”sch + 4Qelagblf ) 68} . (2.10)

The covariant derivative of the supersymmetry parameters is
defined by

Dye® = Ve — Qupie’ (2.11)

with V, being the space-time covariant derivative. The com-
posite connection Q ., b and the vielbein on the SL 5)/S0®5)
coset Pﬂab“d are obtained from

. d
Pyuar™ + 20,148}

= Vap" (auVMCd - gA,’jQXpQ,MNVNCd) . 12)

The gauge generators in the representation S of SL(5) can
be written in term of the embedding tensor as
RS,0Q

(2.13)

XMN,PQ = ®MN,PQ = 8[%1YN]P — 2eMNPRSZ

Supersymmetry requires that the embedding tensor can have
only two components given by the tensors Yy, and ZMN-P
with Yy n = Yy, ZMN-P = ZIMNLP apg ZIMN-P1 — o
corresponding to representations 15 and 40 of SL(5), respec-

tively.
The fermion shift matrices A and A, are given by
R 1
A = ( BQY + - C“b) (2.14)
X 1
pd-abe _ [Qechd (Cab _ pab )
2 2\/— ef
1 4
_ Ctlb ch _ Qab Ccd _ Qc[a Cb]d
+4 ( + 5 + 5
(2.15)
with
2
B = %Q“CQM Yab.cd» (2.16)
1
Babcd — \/E [QaEQbfsc[gSZ] _ g (81,6183]

1
—Zsza”szcd) szegsth} Yef ohs

C% = 8z @bd], (2.18)
Cey = 8 (~RueQurdl6]) + Qu(clsIR ) 2NN,
(2.19)

(2.17)

The “dressed” components of the embedding tensor are
defined by

(2.20)
(221

Vea" Yur,
— \/EVMabVNCdVPebedzMN,P.

Yab,cd - VahM
and  Z@lef]

A unimodular symmetric matrix M sy describing SL(5)/
SO(5) scalars in a manifestly SO(5) invariant manner is
defined by

Mun =V Vv QacQpa (2.22)
together with its inverse
MMN =y My NQacqbd (2.23)

The scalar potential is given by

64
g2 Z MNP 70RS

x (MpyoMyrMps — Mprg My p Mgs)

g’ 2
V= [ZMMNYNPMPQYQM (MMNYMN) ]

= — 1549 Ay + éAg*””’Am,hcd (2.24)

Unlike in the ungauged supergravity in which all three-
form fields can be dualized to two-form fields, the field con-
tent of the gauged supergravity can incorporate massive two-
and three-form fields. The degrees of freedom in the vector
and tensor fields of the ungauged theory will be redistributed
among massless and massive vector, two-form and three-
form fields after gaugings. In general, with a proper gauge
fixing of various tensor gauge transformations, there can be ¢
self-dual massive three-form and s massive two-form fields
for s = rank Z and ¢ = rank Y. In addition, there are 10 — s
massless vectors and 5 — s — ¢t massless two-form fields. It
should be noted that t 4+ s < 5 by the quadratic constraint
which ensures that the embedding tensor leads to gauge gen-
erators for a closed subalgebra of SL(5). Furthermore, more
massive gauge fields can arise from broken gauge symmetry.

The field strength tensors of vector and two-form fields
are defined by

HOMN —

EYN +gZ"NPB,p, (2.25)

3
Hl(usz = gYMNS;wp + 3D Bypim + 6EMNPQRA[M

2
x <8VAPQ]R + ggXST,UQAﬁU AsT ) (2.26)

@ Springer
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with the usual non-abelian gauge field strength
Fi =20, A0 " + g(XPQ)RSMNA{;QAf]S. (2.27)

These field strengths satisfy the following Bianchi identities

1
2)MN 3
D HIMY = 3 gZMN P (2.28)
3) 3 (2)NP,,(2) QR
D[MHUpA]M = EGMNPQRH[;W HpA]
1 HN
+5 8N (229)

where the covariant field strengths of the three-form fields
are given by

HN
YMNHL3pA =Yun |:4D['U‘S£¥))L] + 6F[]Xpr)»]P

+32ZV" @B, p By
+4geporvw XsT,U VAIALPA,,QRA,S)TA%W

+8eporst Al AC%9,45T |. (2.30)
All of these fields interact with each other via the vector-
tensor topological term Ly7 whose explicit form can be
found in [34].

3 Solutions from gaugings in 15 representation

We now consider supersymmetric AdS, x X’~" solutions
with gauge group CSO(p, g, 5— p —q) obtained from gaug-
ings in 15 representation. In this case, non-vanishing com-
ponents of the embedding tensor can be written as

Yyny = diag(l, .., 1,-1,..,—1,0,..,0),
P e
p q r
p+qg+r=>5. 3.1

We will use the following choice of SO (5) gamma matrices
to convert an SO (5) vector index to a pair of antisymmetric
spinor indices

=L ®oi,
I's =03Q o

' = -0 ® oy, ' =1 ® o3,

where o; are the usual Pauli matrices. I" 4 satisfy the following
relations

{Ta,Tp) =28apls, (Ta)® =—(Ta),

QTP =0, (T = QuewaT),  (33)
and the symplectic form of U Sp(4) is chosen to be
Qup =" =L ®ion. (3.4)

@ Springer

The coset representative of the form Vy;*” and the inverse
V™ are then given by

1 1
Vi = 5VMA(FA)“" and VM = EVAM(FA)ab-
3.5

3.1 Supersymmetric AdSs x %2 solutions with
SO((2) x SO(2) symmetry

We begin with solutions of the form AdSs x X2 with the
metric ansatz given by

dsj = VVdai s +dr 4V Vdsl,. (3.6)
E,% is a Riemann surface with the metric given by

dség =db> + f.(0)%d¢?, (3.7)
and dx{ 3 = nuadx™dx" with m,n = 0,...,3 is the flat

metric on the four-dimensional Minkowski space Mkw,4. The
function fi(0) is defined by

sinf, k=+1
fi(0) =10, k=0 (3.8)
sinhf, k= -1

with k = 1, 0, —1 corresponding to 2 R? and H?, respec-
tively.

With the following choice of vielbein
e =eldx™, o =dr,
! =e"do, ¢ =e" fi(®)do, (3.9)

we find the following non-vanishing components of the spin
connection

b O o
w((p19)= fi(@)e Ve?

w?’i; =U'e™, a)l(q) =V,

(3.10)

The index i = 6, ¢ is a flat index on 2, and fi©) =
%. The r-derivatives will be denoted by ' while a’ on any
function with an explicit argument refers to the derivative of
the function with respect to that argument.

We are interested in solutions with SO (2) x SO(2) sym-
metry. Among the fourteen scalars in SL(5)/SO(5) coset,
there are two SO (2) x SO(2) singlet scalars corresponding
to the following SL(5) non-compact generators

Yi=ei1+ern—2ess and Yy =e33+eqq —2ess.
3.11)
We have introduced G L(5) matrices defined by

(err)mn = 8rmdynN. (3.12)
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The SL(5)/SO(5) coset representative is then given by

Y = e Vitgals (3.13)
A general form of the embedding tensor for gauge groups
with an SO (2) x SO (2) subgroup can be written as

Yyun = diag(+1, +1, 0, 0, p). (3.14)

This givesriseto SO(S) (p =0 =1),5S04, 1) (—p =0 =
1),S03,2) (p = -0 =1),CS04,0,1) (p =0,0 =1)
and CSO(2,2,1) (p =0,0 = —1) gauge groups.

With all these, we can straightforwardly compute the
scalar potential

1
——g"e
6a®

+4p(e4¢>|+6¢2 + aeﬁ¢1+4¢2)] .

V= 2,-2(¢1+¢2) [80 — p2e!0@1+e2)
(3.15)

For SO (5) gauge group, this potential admits two Ad S5 crit-
ical points given by

br=r=0. Vo= —Dg (3.16)
64
and
1 5¢2
o1 =¢>z=mln2, Vo=—m. 3.17)

The former preserves N = 4 supersymmetry with SO (5)
symmetry while the latter is a non-supersymmetric AdS7
vacuum with § O (4) symmetry. We note here that for ¢; = ¢»
the SO (2) x SO(2) symmetry is enhanced to SO (4). These
two AdS7 vacua have been identified long ago in [36].

To perform a topological twist on E,%, we turn on the fol-
lowing SO (2) x SO(2) gauge fields

/ 9 R
A%lz) = —e‘VﬂMe‘” and
k fi(0)
/
o) .
AY = v P20 g (3.18)
k fx(9)

and set all the other fields to zero. By imposing the twist
condition

g(pr+op) =k (3.19)
together with the following projection conditions
y?Pet = —(P12)"pe” = —(N34)"p€” (3.20)
and
yred =€, (3.21)
we can derive the BPS equations
U = % (26—2¢1 + petor+en) | 206—2@)
2
—ge*w <62¢1p1 + e2¢2p2) , (3.22)

V/ = 4i£ (2(3_2¢1 + pe4(¢1+¢2) + 206_2¢2)
_l’_

0
8
ge—zv (e2¢’1p1 + e2¢2p2) ,

¢i — g (3e,2¢1 _ pe4(¢>|+¢2) _ 20e72¢2)
0

2
—ge_w <3€2¢1p1 — 262¢2p2> ,

&, 28;0 (366—2@ _ pet @i+ _ 26—2¢>1)

2
+§€_2V <2€2¢1 pP1— 3e%#2 pz) .

(3.23)

[\

(3.24)

(3.25)

It can be readily verified that these BPS equations together
with the twist condition (3.19) imply the second-ordered field
equations. The radial component of the gravitino variations
8yrf gives the usual solution for the Killing spinors

U
€t = efefo) (3.26)

in which 62‘0) are constant spinors.
By imposing the conditions V' = ¢ = ¢, = 0 and
U’ = —— on the BPS equations, we find a class of AdSs

L aass
fixed point solutions given by

8<e4¢1p] + 262(¢1+¢2)p2)
2V

© T 7 3.27)
8
1001 — 121712 - 240]?12172 + 220219117% _ 80’31)% _9K
3pipo?
(3.28)
&2 — 6p% — 1501712172 + 1302p1p§ _ 4U3p% + K62¢1
p29op1p2 — 6pf — 40‘2p§)
(3.29)
4(e*1 py + 2e2B1562) )
Lagss = 2¢ 2% (3.30)
g (€291 py + €292 p))
where

K= (619% —9ap1p2 + 4p§02> \/(pf —opip2 +02p3).
(3.31)

The AdSs fixed points do not exist in the case of p = 0.
Furthermore, it turns out that good Ad S5 fixed points exist
only in SO(5) and SO (3, 2) gauge groups with p = o =1
and p = —o = 1, respectively.

For SO(5) gauge group, there exist AdSs fixed points
when

gp2 #—1,0, gpa#0 and gp» <0 U gpr > 1,
(3.32)

for £ = H?,R?, 5, respectively. In deriving the above
conditions, we have chosen g > 0 for convenience. We

@ Springer
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emphasize here that the AdSs x R? fixed point preserves
sixteen supercharges while the AdSs x H? and AdSs x S?
preserve only eight supercharges. This is due to the fact that
no spin connection on R? needs to be cancelled by performing
atwist. In this case, the projector involving y; 9 is not needed.

All these AdS5 x 2 fixed points, dual to four-dimensional
SCFTs from M5-branes, together with the corresponding RG
flows from the supersymmetric AdS; vacuum have recently
been discussed in [13].

In this work, we will extend the study of these RG flows
by considering more general RG flows fromthe N = 4 Ad S,
critical pointto Ad S5 fixed points and then to singular geome-
tries in the form of curved domain walls with Mkws x %2
slices. According to the usual holographic interpretation,
these geometries should be dual to non-conformal field theo-
ries in four dimensions arising from the RG flows from four-
dimensional SCFTs dual to AdSs x X2 fixed points. The
latter are in turn obtained from twisted compactifications of
N = (2, 0) SCFT in six dimensions dual tothe N = 4 Ad Sy
vacuum. Examples of these RG flows are given in Figs. 1, 2,
and 3 for the cases of AdSs x H2, AdSs x R? and Ad S5 x S2
fixed points, respectively. In these solutions, we have chosen
the position of the AdSs x X2 fixed points to be » = 0 and
set g = 16. We note here that one of the magnetic charges is
fixed by the twist condition (3.19). In the numerical solutions,
we have chosen p» to be the independent parameter.

We can use the explicit uplift formulae given in [39,40]
to determine whether these IR singularities are physical by
considering the (00)-component of the eleven-dimensional
metric given by

~ 1

800 = A3g00- (3.33)
The warped factor A is defined by

A= M"Nsypsnont n? (3.34)

with ,uM, M =1,2,...,5, being the coordinates on % and
satisfying u™ u™ = 1. Using the coset representative given
in (3.13) and the S* coordinates

/,LM = (cos &, sin& cos Y cos «, sin & cos ¥ sin «,
sin & sin ¥ cos B, sin & sin ¢ sin B) ,

we find the behavior of ggo along the flows as shown in Fig.
4. As can be seen from the figure, goo — O near the sin-
gularities. These singularities are then physical according to
the criterion given in [8]. Therefore, the singularities can be
interpreted as holographic duals of non-conformal phases of
the four-dimensional SCFT's obtained from twisted compact-
ifications of six-dimensional N = (2, 0) SCFT on £2.

We now consider SO (3, 2) gauge group. In this case, we
find new Ad S5 x S2 fixed points in a small range, with g > 0,

(3.35)

1
—3 < gp2 < 0. (3.36)

@ Springer

As in the previous case, these Ad S5 x 52 solutions also pre-
serve eight supercharges and are dual to N = 1 SCFTs in
four dimensions. In contrast to SO (5) gauge group, the vac-
uum solution in this case is given by a half-supersymmetric
domain wall, see the solutions given in [41]. According to
the DW/QFT correspondence, these solutions are expected
to describe N = (2,0) non-conformal field theories in
six dimensions. The above AdSs x S° fixed points can
be regarded as conformal fixed points in four dimensions
arising from twisted compactifications of the N = (2,0)
field theories in six dimensions on S2. In Fig. 5, we give
examples of RG flows between the AdSs x S fixed points
and curved domain walls with the worldvolume given by
Mkwy x S?. The latter should describe non-conformal phases
of the N = 1 SCFTs in four dimensions. The two ends of
the flows represent two possible non-conformal phases with
(p1 — 00, ¢pp —> —o0) and (¢ = —0o0, po — 00). In all
of these flow solutions, we have set g = 16.

In Fig. 6, we give the behavior of the eleven-dimensional
metric component goo along the flows. This is obtained by
using the consistent truncation of eleven-dimensional super-
gravity on H?9 given in [37]. The explicit form of ggp is
similar to that given in (3.33) but with the warped factor A
given by

A= M"nypnyon” nl. (3.37)

The tensor nyy = diag(l,...,1,—1,...,—1) is the
SO(p, q) invariant tensor, and 1” are coordinates on H”4
satisfying /LP,LLQT]pQ = 1. For SO(3, 2), we have a trunca-
tion of eleven-dimensional supergravity on H>2 withnyy =
diag(1, 1, 1, —1, —1). From Fig. 6, we see that goo — 0 on
both sides of the flows. Therefore, all of these singularities are
physically acceptable. We accordingly interpret these solu-
tions as RG flows between N = 1 SCFTs and non-conformal
field theories in four dimensions obtained from twisted com-
pactifications of N = (2, 0) field theory on S°.

3.2 Supersymmetric AdSy x %3 solutions with SO (3)
symmetry

We now carry out a similar analysis for supersymmetric solu-
tions of the form AdS; x ¥ with £3 being a 3-manifold
with constant curvature. The ansatz for the metric takes the
form of

ds3 = eV Ddxi, +dr? + ezv(’)dség (3.38)

where dxl2 5 = Nuadx™dx", m,n =0, 1, 2 is the metric on
the three-dimensional Minkowski space. The metric on E,f
is given by

ds?, = dy* + fiu(y)? (d92 4 sinzedgoz) (3.39)

3 =
z:k

with the function f; defined in (3.8).
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20}
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-2+
_10 .
4
(a) U solution (b) V solution
®1(r) ¢2(r)
\ \\ 04 04
02} 02} \
4 2 2 4/ 8 0 " -4 2 2 6 8 0"
-0.2F / -0.2F
-04} { [ -04}

(¢) ¢1 solution
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Fig. 1 RG flows from the N = 4 Ad Sy critical point as r — 00 to Ad S5 x H? fixed points and curved domain walls for SO (2) x SO(2) twist in

SO (5) gauge group. The blue, orange, green and red curves refer to py =

Using the vielbein

e‘/} = evdlﬂ,
¢? =e" fi(¥)sinOdog,

M =eVdx™, o =dr,

&= & e, (3.40)

we find non-vanishing components of the spin connection as
follow

et / l v i)

a)(l) =U'e “’(1) =Ve w?f/)f flli(lﬂ)
(/312 fk(w) —V (p0 COtG -V (ﬁ 341
“O = L 0T By G40

where | = 1}, é, ¢ is a flat index on Eg. We will perform the
twist by turning on SO3) C SO3) x SO2) C SO(S)r
and SO3)+ € SOB);+ xSOB)—- ~ SO0@) C SOOO)r
gauge fields with SO (5) g denoting the R-symmetry.

1 11 .
—3» — 733> 1> % respectively

3.2.1 Solutions with SO (3) twists

We first consider solutions with SO (3) C SO (5) g twists by
turning on the following SO (3) gauge fields

n_ v P W 5 3 —vp RO 4
AD= RS AT
ARy =~V B2, (3.42)

%)

There are three SO (3) singlet scalars corresponding to the
SL(5) noncompact generators

171 =2e1,1 +2e32 +2e33 — 3e44 — 3es 5,
172 =e45+ €54,

Y3 =eqq — e55. (3.43)
The SL(5)/SO(5) coset representative is then given by

Y = M ithlotols, (3.44)
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Fig. 2 RG flows from the N = 4 Ad$7 critical point as r — oo to Ad S5 X R? fixed points and curved domain walls for SO (2) x SO (2) twist in
SO (5) gauge group. The blue, orange, green and red curves refer to py = —6, —2, %, 4, respectively

We will consider gauge groups with an SO (3) subgroup
characterized by the embedding tensor of the form

Yun = diag(+1, +1, +1, 0, p). (3.45)

There are six possible gauge groups given by SO(5) (p =
c=1,5041)(—p=0=1),503,2) (p =0 =-1),
CS04,0,1)(p=0,0 =1),CSO03,1,1) (p=0,0 =
—1),and CSO(3,0,2) (p = o = 0). With this embedding
tensor and the coset representative (3.44), the scalar potential
reads

2
—§—4 |:3€_B¢l + 6621 [(p + o) cosh 2¢, cosh 2¢3

+(p — o) sinh 2¢3]

1
+£—le12¢1 [—(p + 0)2 cosh 4¢, (1 + cosh 4¢3)
—4(p* — 0%) cosh 2¢, sinh 4¢3

V =

@ Springer

+p? + 10po + o2

—~(3p? = 2p0 +30%) cosh g | (3.46)
which admits supersymmetric N = 4 and non-supersymmetric
Ad $7 critical points given in (3.16) and (3.17) at | = ¢ =
¢3 =0and ¢ = 21—0 In2, ¢ = j:}1 In2, and ¢3 = 0, respec-
tively.

We now impose a simple twist condition

gp =k (3.47)

and the following projectors on the Killing spinors

pP0et = —(P1)%e? and 7%t = —(My3)%eb. (3.48)

With all other fields vanishing and the y, projector given in
(3.21), we obtain the BPS equations
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Fig. 3 RG flows from the N = 4 AdS7 critical point as r — 0o to Ad S5 x $? fixed points and curved domain walls for SO (2) x SO(2) twist in
SO (5) gauge group. The blue, orange, green and red curves refer to pp = —12, —1, é 1, respectively
oo 0o doo
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Fig. 4 The behavior of ggo along the RG flows from the N = 4 Ad S critical point as r — oo to AdSs x X2 fixed points and curved domain
walls with SO (2) x SO(2) symmetry for £ = H2, R?, §? in SO (5) gauge group
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Fig. 5 RG flows between AdSs x S fixed points and curved domain walls for SO (2) x SO (2) twistin SO (3, 2) gauge group. The blue, orange,

green and red curves refer to py = 1 1

U = %ewl [(p + o) cosh 26 cosh 263 + (p — &) sinh 23]

38 401 _ 8 2v-201)
N 3-49
40° 5¢ F (349

V' = %e&m [(p + o) cosh 2¢, cosh 2¢3 + (p — o) sinh 2¢3]

3 14
i _ge_4¢l + ?e—Z(V—Zcﬁl)p’ (3.50)

40

¢ = ie&ﬁ1 [(p — o) sinh 2¢3 — (p + o) cosh 2¢> cosh 2¢3]

T 40
8 e _ 3 a2 |
+ 208 Se P, (3.51)
¢ = —%ew’l (p + o) sinh 2¢ysech2¢s, (3.52)

qﬁé = —%e&m ((p + o) cosh 2¢ sinh 2¢3 + (p — o) cosh 2¢3) .
(3.53)

@ Springer

1 1 i
—36 — 15> — 1+ — 35 respectively

From these BPS equations, we find an AdSs x H 3 fixed
point only for SO (5) gauge group given by

1
d1 = Elnl ¢ =¢3 =0,

163/ 4 x 22/
V=In s Lpgsy =—.
8 8

(3.54)

This is the AdSs; x H?> solution studied in [11]. The solu-
tion preserves eight supercharges and corresponds to N = 2
SCFT in three dimensions. As in the previous case, in addi-
tion to the holographic RG flows from the supersymmetric
N = 4 AdS7 vacuum to this AdSy x H> geometry, we also
consider more general RG flows from the AdSy x H? fixed
point to curved domain walls with a Mkws x H? slice dual
to N = 2 non-conformal field theories in three dimensions.
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QOO gauged altogether by the following embedding tensor
700000% Yyn = diag(+1, +1, +1, 41, p) (3.56)
600000 - with p = 1, —1, 0, respectively.
500000 - There is only one SO (3)+ singlet scalar corresponding to
[ the SL(5) non-compact generator
400000 -
200000+ Y=e11+e2+e33+es4—4ess. (3.57)
200000 F It should be noted that this generator is invariant under a larger
symmetry SO (4). With SL(5)/SO(5) coset representative
100000 J\ of the form
> F 2 T v=e, (3.58)
Fig. 6 Profiles of goo for RG flows between N = 1 SCFTsand N = 1 the scalar potential is given by
non-conformal field theories in four dimensions from SO (3, 2) gauge 5
group V= _§_4e*4¢ (8 +8pel0 p2e2°¢) . (3.59)

There are many possible RG flows of this type. The sim-
plest possibility is given by RG flows with ¢ = ¢3 = 0
along the entire flows. Examples of these RG flows are given
in Figs. 7 and 8 in which ¢ — oo and ¢y — —o0, respec-
tively. Both types of the singularities are physically accept-
able as can be seen from the behavior of the (00)-component
of the eleven-dimensional metric goo given in Fig. 9. These
singular geometries are then dual to N = 2 non-conformal
field theories in three dimensions obtained from twisted com-
pactifications of the six-dimensional N = (2,0) SCFT on
H3.

Although ¢, and ¢3 vanish at both AdS7 and AdS4 x H 3
fixed points, we can consider RG flows to curved domain
walls with non-vanishing ¢, and ¢3. Examples of various
possible RG flows are given in Fig. 10. The behavior of ggo
near the singularities, ggo — 00, indicates that these singu-
larities are unphysical by the criterion of [8].

3.2.2 Solutions with SO (3) + twists

We now consider another twist given by turning on SO (3) +
gauge fields. In this case, the SO (3) is identified with the
self-dual SO (3) subgroupof SO(4) ~ SO3)+xSO3)_ C
SO(5). We will accordingly turn on the following gauge
fields

v p W) 4

e )
2k fi(¥)

/

Al =AY = VL fk(w)e“’,
2k fi(y)

0

A = Al = —eV L2070, (3.55)

2k fr(y)

The gauge groups containing SO (3)+ C SO (4) are given
by SO(5),S0(4,1),and CSO (4, 0, 1). These groups can be

As expected, thereis an N = 4 supersymmetric Ad S7 critical
point at ¢ = 0 and a non-supersymmetric, unstable, AdS;
critical point at ¢ = % In2.

To implement the twist, we impose the following projec-
tion conditions given in (3.48) and

(T12)%p€e? = (T3a)"pe?.

Together with the twist condition (3.47) and the y;- projection
condition (3.21), we find the following BPS equations

(3.60)

r_ 8 (4,-20 80\ _ 0 —20v-9)
v-% (4e + pe ) < p. (3.61)
V=5 (4e‘2"’ + p€8¢) 4 Maveny, (3.62)
40 5
r_ 8 (20 8\ § —2(V—¢)
¢ — 20 (6 pe ) 5e p. (363)

Asinthe SO (3) twist, the BPS equations admitan Ad Sa x H 3
fixed point only for SO(5) gauge group. This AdS; x H?
vacuum is given by

1 8 x 21/5 x 53/5 1 8
V=cln| —————1|, ¢=—In|_].
2 g 10 |5

23/5 % 54/5

8

which does not seem to appear in the previously known
results.

Unlike the previous case, this Ad Sy x H? fixed point pre-
serves only four supercharges and corresponds to N = 1
SCFT in three dimensions. We can similarly study numer-
ical RG flows from the supersymmetric AdS7 vacuum to
this AdSy x H? fixed point and to curved domain walls
dual to N = 1 non-conformal field theories in three dimen-
sions. Examples of these RG flows are given in Fig. 11. It
can be seen again that the IR singularities are physical since
800 — O near the singularities.

(3.64)

L ags,

@ Springer
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Fig. 7 RG flows from the N = 4 Ad S critical point to the AdSs x H 3 fixed point and curved domain walls for SO (3) twists with ¢; — co. The
blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively
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Fig. 8 RG flows from the N = 4 Ad 7 critical point to the AdS; x H? fixed point and curved domain walls for SO (3) twists with ¢ — —o0.
The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively
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(a) The profiles of gog for RG (b) The profiles of gygy for RG
flows with ¢1 — oo flows with ¢1 — —o0

Fig. 9 Behaviors of the (00)-component of the eleven-dimensional metric for the RG flows given in Figs. 7 and 8
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Fig. 10 RG flows from the N = 4 Ad S critical point to the AdSs x H 3 fixed point and curved domain walls for SO (3) twists with ¢, ¢ and
¢3 non-vanishing. The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively

For CSO(4, 0, 1) gauge group, we can analytically solve
the BPS equations. The resulting solution is given by

8 ~ A2 3 ~ | A
=C+-—(4 C)> — —In4 0), 3.65
é +160p(pr+ ) 0 n(4pr+C) (3.65)
V =2¢ + In(dpi + C), (3.66)
U=V —In(dpi+C)+C'. (3.67)

The new radial coordinate 7 is defined by Z_i = e . The

integration constants C and C’ can be neglected by shifting
the coordinate 7 and rescaling the coordinates x* on Mkws.

Setting C" = C = 0, we find the leading behavior of the
solution at large 7

¢~7 and U~V ~2¢. (3.68)

In this limit, the contribution from the gauge fields to the
BPS equations is highly suppressed due to V. — oo. The
asymptotic behavior is then identified with the standard, flat,
domain wall found in [41]. Similar to the case of solutions
with an asymptotically locally AdS7 space, we will call this
limit an asymptotically locally flat domain wall.

On the other hand, as ¥ — 0, we find

3 7
¢ ~ =5 @pR). V ~ o In4ph).

3 -
U~ —Eln(4pr). (3.69)

We also note that, in this case, the complete truncation
ansatz in term of type IIA theory on S3 has been constructed
in [42]. Therefore, the solution can be completely embedded
in type IIA theory. In this paper, we are only interested in the
time component of the ten-dimensional metric given by, see
for example [41] for more detail,

W3

goo=e (3.70)

Using this result, we find that as 7 — 0, ggo — 00, S0, in
this case, the IR singularity is unphysical.

3.3 Supersymmetric AdS; x %* solutions

In this section, we move on to the analysis of AdS3 x »4
solutions. We will consider two types of the internal manifold
¥4 namely a Riemannian four-manifold M* with a constant
curvature and a product of two Riemann surfaces 2 x %2
with SO(4) and SO (2) x SO(2) twists, respectively.

3.3.1 AdS3 x M* solutions with SO (4) twists

As in the previous section, we will consider SO (4) symmet-
ric solutions for SO(5), SO(4, 1) and CSO (4,0, 1) gauge
groups with the embedding tensor given in (3.56). To find
AdS; x M,f solutions, we use the following ansatz for the
seven-dimensional metric
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Fig. 11 RG flows from the N = 4 Ad Sy critical point to the Ad Sy x H? fixed point and curved domain walls for SO (3) ;. twists. The blue, orange,

green and red curves refer to g = 8, 16, 24, 32, respectively

ds72 = ew(r)dxlz,l +dr? + ezv(r)dsjzwé (3.71)

with dxlz,1 = Nundx"dx" for m,n = 0, 1 being the metric
on two-dimensional Minkowski space. The explicit form of
the metric on M,f is given by

dsly = dx* + fulx)” [dw + sin ¥ (d6? + sin’ 9d¢2)]
(3.72)

with x, ¥, 0 € [0, %], ¢ € [0, 2] and fi(x) is the function
defined in (3.8).
With the v1elbem basis of the form

e =eldx™, o =dr,

e/ =¥ fidy.
& = fi(n)sinyde,

¢? = €' fi(x) sin ¥ sinOdo,

X = evdx,

(3.73)

@ Springer

we obtain the following non-vanishing components of the
spin connection

w{g — U/erh, wii) — Ve ;
oVt — KOO v oo ax 0 oVl
(1) = —— 7€ e, w(l) = s
k(O fk(X)
a)(i)f( _ fk(X) oV fﬂ’ wé¢ _ cot oV ’
0= F0¢ O = Ro0f
o t t O .
“)((plll)j Spald e Vel ((ple) e e Ve? (3.74)
GO () sinyr

with 7, f =3, ....6= Xs 1&, 0, ¢ being flat indices on M,‘(‘.
We will perform a twist on M,f by turning on S O (4) gauge
fields to cancel the spin connection as follow

AIJ 51+25J+2

M= 7% °h (3.75)

1
()MI?
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The corresponding two-form field strengths are given by

H(Z)IJ FlJ _ pgl+25/+2,-2V (3.76)
ij ij i Jjl '
For the S O (4) singlet scalar, we use the same coset repre-

sentative given in (3.58). However, in this case, the three-

form field strengths cannot vanish in order to satisfy the

Bianchi’s identity for HS& oM since the above gauge fields

lead to non-vanishing ey y po RHZ{’ A H2Q R terms. To pre-

serve the residual SO (4) symmetry, only Hl(fg o5 1s allowed.
We also note that for SO(5) and SO(4, 1) gauge groups,
the corresponding embedding tensor Y3/ is non-degenerate.
There are in total = rankY = 5 massive three-form fields,
so for these gauge groups, HO 5 is obtained by turning
on the massive three-form S(3v) 05 On the other hand, for
CSO(4,0, 1) gauge group, we have Ys5 = 0, so the contri-
bution to Hl(fv 5 comes from a massless two-form field B, 5.
However, we are not able to determine a suitable ansatz for
B,,,5 inorder to find a consistent set of BPS equations that are
compatible with the second-ordered field equations. Accord-
ingly, we will not consider the non-semisimple CSO (4, 0, 1)
gauge group in the following analysis.
For SO(5) and SO (4, 1) gauge groups, the appropriate
ansatz for the modified three-form field strength is given by

pvp

@ _ 9 i) 2

How s —?pe D € (3.77)

mnrs —

Imposing the twist condition (3.47) and the projectorin (3.21)
together with additional projectors of the form

yAVet = —(Ta)pe”, yVet = —(Pn3)"ye”,
pet = —(D3g)%ye?, (3.78)
we find the BPS equations
12
U = % (4e—2¢ 4 pe&z)) _ _e—zv+2¢p
288
+§pe*“("+¢> P2, (3.79)
vV = 10 (46_2¢ + ,0€8¢)
18 192
t—e VT pem VD) 2 (3.80)
5 5S¢
6
¢ = 23;0 (672¢ . pes¢) _ gefzv+2¢p
9% _
~5gP V) 2, (3.81)

From these equations, we find an AdS3 fixed point only
fork = —1 and p = 1. The resulting AdS3 x H* solution is
given by

1 16 x 23/5 x 32/5 1 3
V=-ln|—————""—|, ¢=—Dh
2 g2 10 |2

2 x 245 % 31/5
P .

Lags, = (3.82)

This is the AdS3 x H* fixed point given in [11] for the maxi-
mal SO (5) gauged supergravity. The solution preserves four
supercharges and corresponds to N = (1, 1) SCFT in two
dimensions with SO (4) symmetry. As in the previous cases,
we will consider RG flows from the supersymmetric Ad Sy
vacuum to this AdS; x H* fixed point and curved domain
walls. Examples of these RG flows are given in Fig. 12.
Unlike the previous cases, the IR singularities in this case
are unphysical due to the behavior goo — oo.

3.3.2 AdSsz x £2 x 22 solutions with SO (2) x SO(2)
twists

In this section, we consider the manifold X4 in the form of a
product of two Riemann surfaces Z,%I X E,%z. The ansatz for
the metric takes the form of

+ ezw(r)ds

kl kz

(3.83)

ds? = ew(r)dxfl +dr* + ezv(’)ds

in which the metrics on E,%l and E,%z are given in (3.7).
Using the following choice for the vielbein

e =eVdx™, o =dr,
e/ = eV fi, (0)doi,
e = eV fi,(6)dgn,

e = evdf)l,
e” = er02,

(3.84)

we obtain all non-vanishing components of the spin connec-
tion as follow

a)'(’g =U'e™, 1(11; = V/e” ;21; = W/el2
Q101 _ fk1(91) -V ¢ 920> _ sz( 2w 7 (3.85)
@ ) R0 o’ ¢ :
T S ( 1) " feu(®)

with i} = 6y, ¢1 and ir = 6y, 9 being flat indices on E,fl
and Z,%z, respectively.

As in other cases, we consider all gauge groups of the
form CSO(p, g, r) withan SO (2) x SO (2) subgroup. These
gauge groups are obtained from the embedding tensor given
in (3.14). To perform the twist, we turn on the SO (2) x SO (2)
gauge fields

P f;él(é’l)e_

. fi, (62)
Vo _ P12 1Y

1 W 02

’

D77k fiy 61) ka [y (62)
4 _ P2 i, 01 Vit _ P2 11, (02) W i
D= "y fk1(91) ko sz(92)

(3.86)
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Fig. 12 RG flows from the N = 4 Ad S critical point to the AdS3 x H* fixed point and curved domain walls for SO (4) twist in SO(5) gauge
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The corresponding modified two-form field strengths are
given by

MG = F8 =e 2 pre neft + e 2V ppae n e,

(3.87)
MY = F3 = e poe® ne? +e72W pye A2
(3.88)

We also need to turn on the following three-form field
strength

Q) _ L 2(VAW214+260)
Hyps = e Ermii

(3.89)

in which « is a constant related to the magnetic charges by
the relation

gpra = —32(p12p21 + p11p22)- (3.90)

For p = 0 corresponding to CSO(2,2,1)and CSO (4,0, 1)
gauge groups, we need to impose a relation on the magnetic
charges

@ Springer

p12p21 + pripn =0 (3.91)

to ensure that the resulting BPS equations are compatible
with all the second-ordered field equations.
Using the projection conditions (3.21) and

Vi€ = Vo' = —T1)"pe’ = —39)e”  (3.92)
together with the twist conditions
g(p1i1+op2) =k and g(pi2+opn) =k, (3.93)
we obtain the following BPS equations
v =% (26—2@ + pet@rten 206—2@)
40
30 Wit
5¢
2
—3 [e—zv (6’2¢1P11 + 6’2¢2p21>
+e 7V (4 iy + Mo ) (3.94)
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V/ = é (28_2¢1 + pe4(¢l+¢2) + 203_2¢2)

40
_|_2_ae—2(V+W+¢1+¢>2)
58
2
+§ [46_2V <€2¢1P11 + €2¢2p21>
eV <€2¢1P12 + €2¢2p22>] , (3.95)
w =S5 (26—2¢1 + pet@1TeD) | 208—2(1)2)
40
_|_2_ae*2(V+W+¢>|+¢2)
58
2
- [efzv (62¢1p11 i ez¢2p21>
—4e=?V <€2¢1P12 + %2 Pzz)] . (3.96)
o = 25;0 (3e72¢1 _ petorton _ 2664@)
+1e*2(V+W+¢1 +¢2)
58
2
~3 [362¢] (efzvpu + efzwplz)
g2 (g_ZVPZI + e_zwpzz)] , (3.97)
¢é e % (30‘e72¢2 — pe4(¢l+¢'2) _ 26*2¢]>
LY VW)
58
2
3 [2€2¢] (fzvpll + 672WP12>
3,202 (e—zvp21 +e‘2Wp22)] . (3.98)

In deriving these equations, we have used the coset represen-
tative given in (3.13) for SO(2) x SO(2) singlet scalars.

From the BPS equations, we find a class of AdS3 x »2x
¥? fixed point solutions

v 16(pi+epy)
© = gt ten,

ow _ 16(e* pi2 + e p)
¢ = gt @ite,

(3.99)

(3.100)

21001 640 [32(p12p21 + piip22) — gpa — 640 pi pnl®
[320 (p12p21 + p11p22) — gpoa — 64pii pia]?

(3.101)
J10p, _ 6401320 (p1apa1 + pripa) — gpoa — 64p11 12l
[32(p12p21 + pi1p22) — gpot — 640 poy pool?
(3.102)
8e2(¢1+¢2)
Lags; = (3.103)

g(e2¢’2 + 201 o)

with

E[32(p12p22(p11+p210) — P P21 — P11 P20 ) +8pe (P12 + p22o) ]
0 [1024p3, p3, +(32p11 pr2—gper)? — 64p12p21 (32p11 p2+gpa)]
(3.104)

®=

E=32 [pnpzl(mz + p220) — p}ipn — [71217%10}

+gpa(pii + p210). (3.105)

Among all the gauge groups with an SO(2) x SO(2)
subgroup, it turns out that AdS; x ¥? x X2 solutions are
possible only for SO(5) and SO (3, 2) gauge groups with
p =0 =1and p = —o = 1, respectively. For SO(5)
gauge group, the solutions have been extensively studied in
[14]. For SO(3,2) gauge group, all the AdS; x £? x %2
solutions given here are new.

Following [14], we define the following two parameters
to characterize the possible AdS3 x £2 x X2 solutions

71 =g(p11 —opz) and zp =g(pip —opn) (3.106)

where we have set p = 1. Inorder for the Ad S3 fixed points to
existin SO (5) gauge group with o = 1, one of the Riemann
surfaces must be negatively curved, and AdS3 x H? x %2
solutions can be found within the regions in the parameter
space (z1, z2) shown in Fig. 13. These regions are the same as
those givenin [14]. The Ad S3 x £% x £ fixed points preserve
four supercharges and correspond to N = (2, 0) SCFTs in
two dimensions with SO (2) x S O (2) symmetry. Examples of
RGflows with g = 16 fromthe N = 4 supersymmetric Ad S;
to AdS; x H* x %2 fixed points and curved domain walls
in the IR are shown in Figs. 14, 15 and 16 for »2 = H? R?
and §2, respectively. All the IR singularities are physical with
800 — O near the singularities.

We now carry out a similar analysis for the case of
SO(3,2) gauge group with p = —o = 1. It turns out that in
this case, the AdS3 fixed points exist only for at least one of
the two Riemann surfaces is positively curved. For definite-
ness, we will choose k1 = landk; = —1, 0, 1 corresponding
to AdS3 x SZx H%, AdS3 x S2 xR and Ad S3 x S% x S2 fixed
points, respectively. Using the parameters z| and z; defined
in (3.106) with 0 = —1, we find regions in the parameter
space (z1, z2) for AdS; vacua to exist in SO (3, 2) gauged
maximal supergravity as shown in Fig. 17.

For SO(3,2) gauge group, there is no asymptotically
locally AdS7 geometry. We will consider RG flows between
the AdS; x S? x ¥ fixed points and curved domain walls
with Mkws x §% x =2 slices. These curved domain walls
have SO (2) x SO (2) symmetry and are expected to describe
non-conformal field theories in two dimensions obtained
from twisted compactifications of N = (2, 0) non-conformal
field theory in six dimensions. The latter is dual to the
half-supersymmetric domain wall of the seven-dimensional
gauged supergravity. A number of these RG flows with
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Fig. 13 Regions (blue) in the parameter space (z, z2) where good AdS3 vacua exist in SO (5) gauge group. From left to right, these figures

correspond to the cases of (k; = ko = —1), (kj = —1,ky = 0), (kj = —ko = —1), respectively. The orange regions are obtained from
interchanging ky and kp
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Fig. 14 RG flows from the N = 4 Ad S critical point to the AdS3 x H?

in SO (5) gauge group. The blue, orange, green and red curves refer to (zj,

g = 16 and different values of z; and z» are given in Figs.
18, 19 and 20. We see that all singularities in the flows from
AdS; x §? x R? fixed points are unphysical while only the
singularities on the right (left) with ¢; — oo and ¢p — —o0
(¢p1 — —ooand ¢ — 00) in the flows from Ad S3 x §2 x §2
(AdS; x §? x H?) fixed points are physical.
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x H? fixed points and curved domain walls for SO (2) x SO (2) twist
22) = (0, 0), (0.3, 0.3), (—0.3, —0.3), (—1, 0.5), respectively

3.4 AdS; vacua from Kahler four-cycles

In this section, we consider twisted compactifications of six-
dimensional field theories on Kahler four-cycles K,f. The
constant k = 1,0, —1 characterizes the constant curvature
of K,? and corresponds to a two-dimensional complex pro-
jective space C P2, a four-dimensional flat space R* and a
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Fig. 15 RG flows from the N = 4 Ad Sy critical point to the AdS3 x H>

(e) ¢ solution
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2x1015

-2 0 2 4 6 8 10
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x R? fixed points and curved domain walls for SO (2) x SO (2) twist in

SO (5) gauge group. The blue, orange, green and red curves refer to (z1, z2) = (1, —=0.5), (-1, 1), (1, —=2), (=8, 1), respectively

two-dimensional complex hyperbolic space C H?, respec-
tively. The manifold K,? hasa U(2) ~ U(1) x SU(2) spin
connection. Therefore, we can perform a twist by turning on
SOR2) ~U((l)or SO@B3) ~ SU(2) gauge fields to cancel
the U (1) or SU (2) parts of the spin connection.

A general ansatz for the seven-dimensional metric takes
the form of
dsj =V Ddxf | +dr* + e”“’ds?(21 (3.107)
in which the explicit form for the metric on the Kahler four-
cycle will be specified separately in each case.

3.4.1 AdS; x K} solutions with SO (3) twists

We begin with a twist along the SU (2) ~ SO (3) part of the
spin connection and choose the following form of the metric
on K

k
dsgs = dv> + fu()) (24 +13) (3.108)
with ¢ € [0, %], and f (y) is the function defined in (3.8).
7; are SU (2) left-invariant one-forms satisfying
dt; = i,j,l=1,2,3.

Eeijlrj AT, (3.109)

Their explicit forms are given by

71 = —sin¥dO + cos ¥ sinOd g,
) = cos ¥df + sin ¥ sin Od g,

73 = dU 4+ cosOdy

(3.110)

where the ranges of the variables are 6 € [0, 7], ¢ € [0, 27]
and 9 € [0, 4].
With the following choice of vielbein

e’;‘zedem, erzdr, e —evfk(lﬂ)tl,
F=e fipn, S =V i, & =e'ay,
(.111)

we find non-vanishing components of the spin connection
mro__ gyl m iF_ i
w(l)—Ue, a)(])—Ve

0)(1) = fk(lff)fh w?ls) =T,

‘0(1) = fil)n, o) =mn,
o) = LT, o) =13 (3.112)
wherei = 3, 6lsthe flatindex on K4 (]) arethe SU (2)

spin connections.
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Fig. 16 RG flows from the N = 4 Ad Sy critical point to the AdS3 x H 2 x 82 fixed points and curved domain walls for SO (2) x SO(2) twist in
SO (5) gauge group. The blue, orange, green and red curves refer to (z1, z2) = (—1,5), (1, =2), (1, —4), (-3, 8), respectively
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Fig. 17 Regions (blue) in the parameter space (z1, z2) where good AdS3 vacua exist in SO (3, 2) gauge group. From left to right, these figures

correspond to the cases of (k; =k, = 1), (k; = 1, ko = 0), (k; = —ko = 1), respectively. The orange regions are obtained from interchanging k|
and ky
To perform the twist, we turn on SO (3) gauge fields with H%% = F(223) = e—2vp(e?1 A — A eé), (3.115)

th.e. following ansatz 7‘(?21) — (321) _ 2V p(eé Aed— et ned). (3.116)
Al = =2 = Deln, (.113)

Unlike the previous case, we do not need to turn on the
three-form field strengths since, in this case, ey n por HZ)P A

HE = FE = pE net =& ned), G114 HEF =0

with the modified two-form field strengths given by
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Fig. 18 RG flows between AdS3 x 52 x S2 fixed points and curved domain walls for SO (2) x SO (2) twist in SO (3, 2) gauge group. The blue,
orange, green and red curves refer to (z1, z2) = (—0.55, —0.55), (—0.55, —0.6), (—0.35, —0.87), (—1, —0.3), respectively

We then impose the twist condition (3.47) together with
the following three projection conditions

yHet = (M1)€, yPe® = —(I'3)%4eb,

y34€a — —)/566a.

(3.117)

Using the scalar coset representative (3.44) and the projection
(3.21), we find the following BPS equations

U = foe&f’l [(p 4 o) cosh 2¢ cosh 2¢ + (p — o) sinh 23]

+ 38 e 12 20,

o . (3.118)

v/ = 45;06,@;)1 [(o + o) cosh 26 cosh 2¢3 + (p — &) sinh 23]

38 —agr 18 _owoag)
+ 40e + 5 e P, (3.119)
¢ = %ewl [(p — o) sinh 23 — (p + &) cosh 2> cosh 26531
8 o _ 8 —2v-29))
+ 20° 3¢ p, (3.120)
o) = —%esd’l (p + o) sinh 2¢nsech2és, (3.121)

¢ = —%eé‘m ((p 4 o) cosh 2¢; sinh 2¢p3 + (p — o) cosh 2¢3) .
(3.122)

It turns out that only S O (5) gauge group admits an Ad S3 X
C H? fixed point given by

v 11 16 x 3%/5 5 113
=--n| —- Z—H,
2 2 |7 "7 10

8
¢ =¢3=0, LAds3=m-

(3.123)
This is the AdS3 x C H? solution found in [11]. The solution
preserves four supercharges and corresponds to N = (2, 0)
SCFT in two dimensions with SO (3) x SO (2) symmetry. It
should be noted that for ¢» = ¢p3 = 0, the scalar coset repre-
sentative is invariantunder SO (3) x SO (2) C SO (5). Exam-
ples of general RG flows from the supersymmetric AdS;
critical point to the AdS; x CH? fixed point and curved
domain walls are shown in Figs. 21, 22 and 23. From these
figures, we find that both singularities for ¢; — =00 in
the flows with ¢» = ¢3 = 0 are physical. On the other
hand, the IR singularities in the flows with all ¢;’s non-
vanishing are unphysical due to gopop — 00 near the singular-
ities.
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Fig. 19 RG flows between AdS3 x S% x R? fixed points and curved domain walls for SO (2) x SO(2) twistin SO (3, 2) gauge group. The blue,
orange, green and red curves refer to (71, z2) = (ﬁ, *3*14), (ﬁ, *ﬁ), (zlj, *ﬁ), (ﬁ, f%), respectively

3.4.2 AdS3 x K,? solutions with SO (3) 4 twists

We now move to AdS3 x K ,f solutions with the twist given
by identifying the SU(2) part of the spin connection with
the self-dual SO3)L C SOB)+ x SOB)- ~ SO4). We
begin with the SO (3) x SO (3) gauge fields of the form

. » N
Al(Jl) = _ﬁ(fk/(l/f) — ety and

i p .
At = =5 (W) = D8V, (3.124)
The self-dual SO (3) gauge fields can be defined as

i 1 ijk 4k i4 )22
Ay = €70 A0 + AL = - W) = Dr. (3125

In this case, we perform the twist by imposing the twist condi-
tion (3.47) and the three projections given in (3.117) together
with an additional projection for the self-duality of SO (3)

(T12)pe” = (Taa)pe”. (3.126)
Furthermore, by turning on the above SO (3) gauge fields,

we need to turn on the modified three-form field strength of
the form

@ Springer

e~ 4V+29) )2

P Emn- (3.127)

MARS —?,0
As in the case of SO (4) symmetric solutions, we will con-
sider only SO(5) and SO (4, 1) gauge group with p # O.
Using the embedding tensor (3.56) and the SO (4) invari-

ant coset representative (3.58), we find the following BPS
equations

12
U = % (4672(1& + peg¢) - ?efz(vf‘t)p

n 144
5¢ pe
V= % (4(2‘1’ n pe8¢)
18 Hv_g) 96
+ 5 e p 52
)
6 sv_g 48

—gé’ p 50

—4(V+¢) 2

Jres (3.128)

pe VH9) 2 (3.129)

e HVED) 2 (3.130)

in which we have also imposed the y, projection (3.21).
From these equations, an AdS3 fixed point is obtained only
in SO(5) gauge group with p = 1 and k = —1. This
AdS3 x CH? solution is given by
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orange, green and red curves refer to (21, 22) = (55, —18), (5. —12). (55,
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which is the AdS3 x CH? fixed point found in [11]. The
solution preserves two supercharges and corresponds to N =
(1, 0) SCFT in two dimensions with S O (3) symmetry. Super-
symmetric RG flows from the N = 4 AdS7 vacuum to this
AdS; x CH? fixed point and curved domain walls in the
IR are given in Fig. 24. The IR singularities are physically
acceptable as indicated by the behavior goo — 0.

3.4.3 AdS3 x K,? solutions with SO (2) x SO (2) twists

As a final case for AdS3 x K,f solutions, we will perform
another twist on the Kahler four-cycle by cancelling the U (1)
part of the spin connection. To make this U (1) part manifest,
we write the metric on K ,f as

2 _ dyr* ‘/’273 y? 2 2
Bt = T 02 T w2 Tt

(3.132)

(e) ¢ solution

(f) Profiles of ggo

H? fixed points and curved domain walls for SO(2) x SO(2) twist in SO (3, 2) gauge group. The blue,

—24), (%, —24), respectively

with 7; being the SU(2) left-invariant one-forms given
in (3.110). The seven-dimensional metric is still given by
(3.107) with ds? Pe given by (3.132).

With the followmg vielbein

. . . 14
et =eVdx", o =dr, & = i 1
ky? +1
i ey 5 e’y
e = — T e = B 73,
ky? +1 (ky=+1)
N Vd
6__cdv (3.133)
(k2 +1

all non-vanishing components of the spin connection are
given by

~ A ~

“)?{S = U'e™, a)%) = V’e;, i=3,...,6,

36 s _ a0 3% _ (Zklﬂ2
Qo =Cn T s KUIrl)
k2 + 1 (ky? + )
56 (1 —ky? ) 53 16 (2

YOT Gy COTOHT

JpZ+ 1)

(3.134)
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Fig. 21 RG flows from the N = 4 AdS7 critical point to the AdS3; x CH 2 fixed point and curved domain walls with ¢; — oo and ¢ = ¢p3 =0
for SO(3) ~ SU(2) twist in SO(5) gauge group. The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively

To perform the twist, we turn on the SO (2) x SO (2) gauge
fields
y? 3y

—— 13 and AN =pr———n3
Ky + 1 W NCEES
(3.135)

12
A =n

and impose the following projection conditions on the Killing
spinors

pHet = et = _(Dp)%e” = —(Ta)%pe”  (3.136)

together with the twist condition (3.19). The associated two-
form gauge field strengths are given by

H(122) = F(122) = 38_2Vp1](2) and

H34 _ F34

o) = Foy =3¢ prJ) (3.137)

@ Springer

where J(o) is the Kahler structure defined by
Jo) = e3 A ea - e3 A eé. (3.138)

With the above non-vanishing SO (2) x SO (2) gauge fields,
we need to turn on the modified three-form field strength of
the form

@) _ 76 —avipiten

miFs = g P P1DP28 i (3.139)

with p being the parameter in the embedding tensor (3.14)
for gauge groups with an SO(2) x SO(2) subgroup. As in
the previous cases, the appearance of p in (3.139) implies
that the resulting BPS equations are not compatible with the
field equations for the case of p = 0. In subsequent analysis,
we will accordingly consider only gauge groups with p # 0.
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Fig. 22 RG flows from the N = 4 Ad S critical point to the AdS3 x CH 2 fixed point and curved domain walls with ¢ — —ocoand ¢ = ¢p3 =0
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: ; 576
Wlth the y, projector (3.2.1) and the scal‘flr coset represen- 22 e~ 2QV+e1+¢2) P1p2, (3.142)
tative (3.13), the corresponding BPS equations read 5

¢é 2go (306 2¢2 pe4(¢1+¢2) _ 28—2051)

U'= 5 (26—2@ 4 pet@iton) | 206—2@) A
+?e_2V (2e2¢’1 p1— 3e2¢2p2>

12
_?e—w( 2P p 22 )

576 _20v+gi+42)
_200e 1+62) o (3.143)
+1728 eV HbIE (3.140) 38 pp
S5g ’
From these equations, we find the following Ad S5 fixed point
8 (o -
V= 0 (Ze 201 4 pet@1492) 4 25 e 2¢2) solutions
18
L18 ( 2¢1p1 +e2¢2p2> 62" _ _48(p1e2¢1 + p2€2¢2) (3.144)
1152 T get@Fe) '
_ —2Q2V+¢1+¢2) 3.141 ?
5e pe p1p2, ( ) 1081 _ p%,o ((Pl + p1p* — p20)(p1 + p20)) (3.145)
¢ = ( <21 _ A br+on) _ 20e-2¢2> P2+ pD)(p2(1+ p2o — p1)3
20 i
12 _ 106, _ pip (p1 = p2(l+p*)0)(p1 + p20)) 3.146
_1% v (3@2¢1p1 _ 262¢2p2> e 3 2 2 3 (3.146)
: P32+ p?)(p1 + p1p? — p2o)
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Fig. 23 RG flows from the N = 4 Ad S critical point to the AdS3 x CH 2 fixed point and curved domain walls with ¢, ¢ and ¢3 non-vanishing
for SO(3) ~ SU(2) twistin SO (5) gauge group. The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively

8674(¢1+¢2)(p162¢1 + p262¢2)2
gp (P21 + pleddr 4 2p) pre2 @+ (1 4 p2))’
(3.147)

Lags; =

These solutions preserve four supercharges and are dual to
N = (2, 0) two-dimensional SCFTs.

For SO(5) gauge group, there exist AdS; x CH? fixed
points in the range

2 1
——<gp<-= (3.148)

3 3

in which we have taken g > 0 for convenience. Up to some
differences in notations, these AdS3 x CH 2 fixed points are
the same as the solutions studied in [14]. As in the previous
cases, we study RG flows from the supersymmetric AdS7
vacuum to the AdS3 x C H? fixed points and curved domain
walls in the IR. Some examples of these flows are given in
Fig. 25 for g = 16 and different values of p;. The behaviors
of the eleven-dimensional metric component ggo for these
RG flows are shown in Fig. 26 which indicates that the sin-
gularities are physical.

Apart from these AdS3 x C H? fixed points, we find new
AdS; x CP? fixed points in SO (4, 1) and SO (3, 2) gauge
groups respectively in the following ranges, with g > 0,
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(3 —+3) 2
—_— < < ——.
6 82 3

(3.149)

gp2 <0 U gpp>1 and —

Since there is no supersymmetric AdS; critical point for
S04, 1) and SO(3, 2) gauge groups, we will study super-
symmetric RG flows between these Ad S3 x C P? fixed points
and curved domain walls with SO(2) x SO(2) symmetry.
Examples of these RG flows in SO (4, 1) and SO (3, 2) gauge
groups are shown respectively in Figs. 27 and 28 with g = 16
and different values of p. From the behaviors of ggo in
Fig. 29, we find that the singularities on the left (right) with
¢1 — xoo and ¢ — Foo (¢ — o0 and ¢pp — —o0) of
the flows in SO (4, 1) (SO(3, 2)) gauge group are physical.

3.5 Supersymmetric AdS; x £ solutions

We end this section by considering solutions of the form
AdS> x £°. Ad S, x X7 solutions for the manifold ¥° being
S or H> have been given in [11]. The twist is performed
by turning on SO (5) gauge fields. This is obviously possi-
ble only for SO(5) gauge group. In addition, no scalars in
SL(5)/SO(5) coset are singlets under SO(5), so the solu-
tions are given purely in term of the seven-dimensional met-
ric. The corresponding RG flows from the supersymmetric
Ad S7 vacuum and the AdS> x H> or Ad S, x S° fixed points
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Fig. 24 RG flows from the N = 4 Ad Sy critical point to the AdS3 x C H? fixed point and curved domain walls for SO (3) twistin SO (5) gauge
group. The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively

have already been analytically given in [11]. We will not
repeat the analysis for this case here.

However, if we consider 3° as a product of three- and
two-manifolds ¥ x £2, it is possible to perform a twist by
turning on S O (3) x S O (2) gauge fields along X3 x £2. In this
case, there are two gauge groups with an SO(3) x SO(2)
subgroup namely SO (5) and SO(3, 2). The ansatz for the
seven-dimensional metric takes the form of

ds? = =V 0dr® + dr* + ezv(r)dségl + ezw(r)dségz.
(3.150)

The explicit form of the metrics on the E,%l and E,fz are given
in (3.39) and (3.7), respectively.
Using the vielbein

e =eVdt, ¢ =dr, ¢”=e"do,,

e = eV fi, (02)dgn,

eV = evdl/ll, M = evfkl(WI)dely

e = eV fi, (Y1) sinB1d gy, (3.151)

we find non-vanishing components of the spin connection as

follow
a)z) =U'e, a)illr) = Ve, a)l(zlg = W2,
A ! n /
W — fkl (Wl)e,veél WP _ fkl(wl)efve@
» ’ O = )
S (1) S (Y1)

¢2§2 . fk/z (62) .

@161 _ cot 6 -V ¢ ol =
S (62)

YO T et O

=W 92

(3.152)

where i1 = /1, 01, ¢1 and i» = 6>, ¢» are flat indices on Egl
and E,%z, respectively.

There is only one SO(3) x SO(2) invariant scalar field
corresponding to the following non-compact generator
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Fig. 25 RG flows from the N = 4 AdS; critical point to the AdS3; x CH 2 ﬁxed point and curved domain walls for SO(2) x SO(2) twist in

SO(5) gauge group. The blue, orange, green and red curves refer to p, =
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Fig. 26 Profiles of the eleven-dimensional metric component goo for
the RG flows given in Fig. 25
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1
25T 31’ BRON

1
— 76> Tespectively

Y =2e1,1+2e22 +2e33 —3es4 — 3es 5. (3.153)

Therefore, the SL(5)/SO(5) coset representative is
parametrized by

V=Y. (3.154)

We now turn on the SO (3) x SO (2) gauge fields of the
form

12 _ p1 fkl(‘Wl)e Veél
Ok fiy, (W) ’

13 p] fkl(wl) _Veﬁbl
O 7% Fio (1) ’

23 p1cot(B) _y o

A =
M ki fi, (Y1)

’
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Fig. 27 RG flows between AdS; x C P? fixed points and curved domain walls for SO(2) x SO(2) twist in SO (4, 1) gauge group. The blue,
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!
s 1T g

= 3.155
D= " Fu @) (3.155)

with the corresponding two-form field strengths given by

1(@21)9}12 - Fi}flzél - e_zvpl’
= =
9(321)1;11 - F§111!71 - e_ZVpl’
H;jif = ngfﬁz =e W, (3.156)

With all these gauge fields non-vanishing, we also need to
turn on the three-form field strengths

S =——94 ,,€
riyM g itM

4¢p—2V—-2W

P1p2- (3.157)

We then impose the twist conditions

gp1 =k and ogpr =ks (3.158)
and the following projectors on the Killing spinors

yIed = —(Tp)iyet, yP9et = —(Tp)e?,

y92e0 — (rys),eb (3.159)
Using the embedding tensor in the form

Yuy = diag(+1, +1,+1,0,0) (3.160)

for o = +£1 and the scalar coset representative (3.154), we
can derive the following BPS equations

2¢
) 8 (2,4 6¢) 288¢“ p1 p2
U = 10 (3e +20e” ) + —Sgez(‘”‘w)

2
-3 (3e—2V+4¢ D1+ e 2W—68 pz), (3.161)
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Fig. 28 RG flows between AdS; x C P? fixed pomts and curved domain walls for SO(2) x SO(2) twist in SO (3, 2) gauge group. The blue,
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32¢* pips
r_ —4¢ e Y
Vi = 10 <3e + 20" ) 5ge2 VW)
2
+3 (7e—2V+4¢’ P — e 2W—6¢ pz) , (3.162)
2¢
r & (a—4d 6¢) _ 192¢*®p1p2
W' = 10 (3e + 20e —Sgez(V+W)
2
-3 (3e*2V+4¢ P — 267269 pz) , (3.163)
2¢
r_ 8 (-4 6¢) 32e*p1p2
¢ = 20 (e oe + 5ge2(V+W)
2
—3 (2e‘2v+4¢p1 - e_2W_6¢p2) (3.164)

in which we have also used the y, projector in (3.21).
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421 respectively

From these equations, we find an Ad S, fixed point only
fork; =k = —lando = 1. Theresulting AdS> x H> x H>
fixed point is given by

vo 16 x 24/5 wo L [_16
B 2 A e

2 x 22/5

b= (3.165)

E In2, Lags, =

which is the solution found in [12]. The three projectors in
(3.159) imply that this solution preserves four supercharges.
The solution is dual to superconformal quantum mechanics.
Examples of RG flows from the supersymmetric AdS7 vac-
uum to the Ad Sy x H? x H? fixed point and curved domain
walls in the IR are given in Fig. 30. From the behavior of the
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Fig. 29 Profiles of the eleven-dimensional metric component ggo for the RG flows between AdS3 x CP? fixed points and curved domain walls

in SO(4, 1) and SO (3, 2) gauge groups

eleven-dimensional metric component go9, we see that the
singularity is physically acceptable. Therefore, this singular-
ity is expected to describe supersymmetric quantum mechan-
ics obtained from a twisted compactification of N = (2, 0)
SCFT in six dimensions.

4 Solutions from gaugings in 40 representation

In this section, we repeat the same analysis for gaugings from
40 representation. These result in gauge groups of the form
CSO(p, q,r)with p4+g+r = 4.Inthis case, the embedding
tensor is given by

Yuny =0 and ZMN-P = oMy, NIP 4.1

withw¥N = wMN) The SL(5) symmetry can be used to fix
oM = (Sg”. Following [34], we will split the index M = (i, 5)
and set w>> = w' = 0. The remaining SL(4) C SL(5)
symmetry can be used to diagonalize w'/ in the form

w' = diag(1, .., 1, —1,..,—1,0, .., 0).
N N N e’

p q r

4.2)

This generates CSO (p, g, r) gauge groups for p+q+r =4
with the corresponding gauge generators given by

Xipk' = 2¢€ijkmw™. (4.3)

With the SL(5) index splitting M = (i, 5), it is also use-
ful to parametrize the SL(5)/SO(5) coset in term of the
SL(4)/SO(4) submanifold as

Y = it Petoto (4.4)

Vis the S L(4)/S0O(4) coset representative, and to, t' refer
respectively to SO (1, 1) and four nilpotent generators in the
decomposition SL(5) — SL(4) x SO(1, 1). The unimodu-
lar matrix My decomposes accordingly

e72¢0/{/lvij + €80 68¢0b,’>

eg%bj ) (4.5)

Mpyn = (
with M ij = (]7]7T)i - The scalar potential for the embedding
tensor (4.1) reads

2
V= %e14¢°biw’JMjkwklbl

2 . —~ . —~ ..
—I—%ewo (ZMijw]kMklwl’ - (./\/l,'jw”)z) . (46)

It can be straightforwardly verified that the nilpotent scalars
b; appear at least quadratically in the Lagrangian. Therefore,
these scalars can always be consistently truncated out. In the
following analysis, we will consider only supersymmetric
solutions with b; = 0 for simplicity.

As in the case of gaugings in 15 representation, when the
compact manifold >4 has dimension d > 3, the modified
three-form field strengths need to be turned on in order to
satisfy the corresponding Bianchi’s identity. However, with
Yy n = 0, there are no massive three-form fields. In this case,
the contribution to HSJ oM arises solely from the two-form
fields. There are respectively 5 — s and s, for s = rank Z,
massless and massive two-form fields. The latter also appear
in the modified gauge field strengths HEEV) MN Tn particular,
with the embedding tensor given in (4.1), we find

8 ij
5w By,

5 %))

i N .
HET = Fjl, and HP) =
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Fig. 30 RG flows from supersymmetric AdS7 vacuum to the Ad Sy x H3 x H? fixed point and curved domain walls with SO (3) x SO(2) twist
in SO (5) gauge group. The blue, orange, green and red curves refer to g = 8, 16, 24, 32, respectively

in which By,,; are massive two-form fields. However, we
are not able to find a consistent set of BPS equations that
are compatible with the field equations for non-vanishing
massive two-form fields. Therefore, in the following analysis,
we will truncate out all the massive two-form fields. Finally,
we point out here that the CSO(p, ¢, r) withp+qg +r =4
gauge group is not large enough to accommodate SO (5) or
SO (3) x SO (2) subgroups. Consequently, it is not possible
to have AdS, x X7 or AdS; x £3 x X2 solutions.

4.1 Solutions with the twists on £2

We first look for Ad S5 x % solutions for £? being a Riemann
surface. The ansatz for the seven-dimensional metric is given
in (3.6). We will consider solutions obtained from SO (2) x
SO(2) and SO (2) twists on £2. The procedure is essentially
the same as in the gaugings in 15 representation, so we will
not give all the details here to avoid a repetition.

4.1.1 Solutions with SO (2) x SO (2) twists

Gauge groups with an SO(2) x SO(2) subgroup can be
obtained from the embedding tensor of the form
w' = diag(1, 1, 0, o) (4.8)

with the parameter 0 = 1, —1 corresponding to SO (4)
and SO (2, 2) gauge groups, respectively. There is only one

@ Springer

SO2) x SO(2) singlet scalar from SL(4)/SO(4) coset
described by the coset representative

Y = diag(e?, e?, e 7%, e ?). (4.9)
The scalar potential is given by
V = —20e g2 (4.10)

In this case, there is no supersymmetric Ad Sy fixed point. The
supersymmetric vacuum is given by half-supersymmetric
domain walls dual to N = (2, 0) non-conformal field theo-
ries in six dimensions.

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

N AQ

A%f) =e e’ and
4k fi(0)
4
0) .
U _ v (4.11)
4k fi(6)

and imposing the projection conditions given in (3.20)
and

ypet = —(I's)"pe” (4.12)

together with the twist condition (3.19).
With all these, we find the following BPS equations
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U = §8—2(¢0+¢)(e4¢ +0)

1
—Ee_z(v_%) (e_z"’pl + e2¢’p2) , (4.13)
vV = §6*2(¢0+¢)(64¢ +o)
2
oV (e p1+ep2), (4.14)
8§ _
¢(/) — Ee 2(¢0+¢)(e4¢ +0)
1
e 2V (7 p1+e*p), 4.15)
8 _
o) = _Ee 2(¢0+¢)(e4¢ —0)
1
+Zefz(vf¢°) <€72¢'p1 — ez¢p2) . (4.16)
From these equations, there are no fixed point solutions sat-
isfying the conditions ¢’ = ¢;, = V' = 0and U’ = LAldS .
5

In subsequent analysis, we will consider interpolating solu-
tions between an asymptotically locally flat domain wall and
curved domain walls in SO (4) gauge group. Similar solu-
tions can also be found in SO (2, 2) gauge group.

For large V, the contribution from the gauge fields is
highly suppressed. In this limit, we find

1

~ —

1
, ~——1 , U~V ~2 4.17
35 % 1o 108 ® bo (4.17)

which implies that U ~ V — oo as r — o00. Examples
of flow solutions with this asymptotic behavior are given in
Figs. 31, 32 and 33 for »2 = §%2, R? H?, respectively. In
these solutions, we have set g = 16. We note here that the
flows to the flat M kw4 x R2-sliced domain walls given in Fig.
32 are possible provided that we set pp = — p; as required
by the twist condition. It should also be pointed out that the
green curve in Fig. 32 is simply the usual flat domain wall
since k = p; = p> = 0. In this case, the solution preserves
the full SO (4) gauge symmetry due to the vanishing of the
SO(2) x SO(2) singlet scalar ¢. This solution has already
been given analytically in [41].

As shown in [38], the maximal gauged supergravity in
seven dimensions with CSO(p, g, 4 — p — q) gauge group
obtained from the embedding tensor in 40 representation can
be embedded in type IIB theory via a truncation on H?”4 o
T4~P~4_ For the present discussion, we only need the ten-
dimensional metric which, for SO(p, 4 — p) gauge group,
is given by

. 31

Suv = K4 A% g, (4.18)
with

A = pipin™ 0 My, (4.19)

n'/ is the SO(p, 4 — p) invariant tensor, and y; are coor-
dinates on H?¢ satisfying u;u;n"/ = 1. In term of the
parametrization (4.4), « is identified as follows

K = e, (4.20)

For CSO(p, q,4 — p — q) gauge group, we decompose the
SL(4) indices i, j, ... into (i,i) withi = 1,...p + ¢ and
i = p+q—+1,...,4. The ten-dimensional metric and the
warped fa}gtor are still given by (4.18) and (4.19) but with
ni{ = (n'/, n'7) replaced by the SO(p, q) invariant tensor
n'/ andn'/ = 0. In this case, 11; become coordinates on H 74
satisfying n'/ Wil = 1 while 7 are coordinates on T4-r=a,

For the present case of SO(4) gauge group, we simply
have ni-/ = 8 for i, Jj = 1,2,3,4. The behavior of the time
component of the ten-dimensional metric gop for the flow
solutions in Figs. 31, 32 and 33 is shown in Fig. 34. Near
the IR singularities, we find ggo — 0, so the singularities are
physically acceptable.

4.1.2 Solutions with SO (2) twists

We then move to another twist on £2 by turning on only an
SO (2) gauge field. This can be achieved from the SO (2) x
SO (2) gauge fields given in (4.11) by setting p» = 0 and
p1 = p. In this case, the SL(4)/S O (4) coset representative
is given by

VY= €¢1J71 +2 D +¢3 )5 4.20
in which 371, ﬁz, and 373 are non-compact generators com-
muting with the SO (2) symmetry generated by Xi>. The
explicit form of these generators is given by

Vi=ei1+er—e33—e44, Vo=e34+e43,

Vi=e35—esa. (4.22)
The embedding tensor is taken to be
w' = diag(1, 1, 0, p) (4.23)

corresponding to six gauge groups with an S O (2) subgroup.
These are given by SO4) (p =0 = 1), SO@3, 1) (—p =
o =1),8502,2)(p =0 =-1),50@3,0,1) (p =0,
oc=1),502,1,1) (p =0,0 = —1),and CSO(2,0,2)
(p=0=0).

Imposing the twist condition (3.47) and the projector
(4.12) together with

09 a

et = —(I)pe’, (4.24)
we obtain the BPS equations
U/ = lioe*z(¢0+¢l) [2€4¢1 _ (p _ O.) Sinh 2¢3
1
+(p + o) cosh 2¢3 cosh 2¢2] — pe V),
(4.25)
V/ — %6*2@504’(?1) [2€4¢1 _ (p _ O.) Sinh 2¢3
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Fig. 31 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw4 x S2-sliced curved domain walls for
SO(2)xSO(2) twistin S O (4) gauge group. The blue, orange, green, red and purple curves refer to po = —0.5, —0.03, 0.03, 0.06, 0.25, respectively

2
+(p + o) cosh 2¢p3 cosh 2¢2] +5 pe=2V=dut1).

(4.26)
¢(/) = %6_2(¢0+¢1) [264¢1 _ (p _ O_) sinh 2¢3
1
+(p + o) cosh 2, cosh 2¢3] - pe=2V=du1).
4.27)

o) = _%e—2(¢0+¢1) [264@

+(p — o) sinh2¢3 — (p + o) cosh 2¢, cosh 2(])3]

+ le pe—2V—du+o1) (4.28)
@, = —%e_2(¢0+¢1)(,0 1 o)sinh2¢; sech 2¢3,  (4.29)
9 = 20 [(p — o) cosh 23

—(p + o) cosh 2¢, sinh 2¢3] . (4.30)

@ Springer

As in the case of SO(2) x SO(2) twist, there do not exist
any Ad S5 x %2 fixed points. The numerical analysis for find-
ing flow solutions interpolating between locally asymptoti-
cally flat domain walls and curved domain walls can also be
obtained as in the previous case.

4.2 Solutions with the twists on X3

In this section, we repeat the same analysis for solutions
with the twists on %3, We will consider two different twists
by turning on SO (3) and SO (3)4+ gauge fields.

4.2.1 Solutions with SO (3) twists

In this case, the gauge groups with an SO (3) subgroup are
described by the embedding tensor

w' = diag(1, 1, 1, p) 4.31)
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Fig. 32 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkwy x R2-sliced domain walls for SO (2) x
SO (2) twist in SO (4) gauge group. The blue, orange, green, red and purple curves refer to pp = —0.5, —0.03, 0, 0.06, 0.25, respectively

with p = —1, 0, 1 corresponding to SO(3, 1), CSO(@3,0, 1)
and SO (4) gauge groups, respectively.

There is one SO (3) singlet scalar from the SL(4)/SO (4)
coset with the coset representative given by

Y = diag(e?, €2, e?, e 3%) (4.32)
leading to the scalar potential

2
V= —%e*“(%“@ (36! + 6p¢™ — p?). (4.33)

To perform the twist, we turn on the SO (3) gauge fields

34 v p i) 4

m=° 1 €
4k fi(¥)
2 _ e—vﬁ fk/(w)eé
v 4k fep)
14 _Vﬁcot(Q) .
A= e B

and impose the projectors (3.48) on the Killing spinors
together with the twist condition (3.47). With all these and
the y, projector (4.12), the resulting BPS equations read

3
U = £6—2(¢o+3¢)(368¢ +p) — Ee—Z(V—tﬁoﬂb)p’ (4.35)

10
7
V= %e—2<¢0+3¢> (B 4 p) 4 15 2T, (436)
g8 _ 3 e
o) = 25¢ 290139 (3680 4 p) — 20° 2V=00t0) , - (4.37)
1
¢ = _%e—Z(¢o+3¢)(€8¢ —p)+ Ze_Z(V_¢0+¢)p' (4.38)

As in the previous case, there do not exist any Ad Sy fixed
points for these equations. We then look for solutions inter-
polating between asymptotically locally flat domain walls
and curved domain walls.

For CSO(3,0, 1) gauge group with p = 0, these equa-
tions can be analytically solved. First of all, the BPS equa-
tions give
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Fig. 34 Profiles of the ten-dimensional metric component ggo for the supersymmetric flows given in Figs. 31, 32 and 33

U = 240 439) g5 = _§¢, LG (4.40)

We have neglected an additive integration constant for U With an integ'ration consFant.Co. e '
which can be absorbed by rescaling the coordinates on Taking a linear combination V o+ 59 4and changing to a
Mkws. With p = 0, we find that ¢, + %d)’ = 0 which gives new radial coordinate 7 given by(dl—: = ¢~ 5%, we find
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1 6
V=—-In@pr+C)— -¢. (4.41)
2 5
The integration constant C can also be set to zero by shifting
the coordinate 7. With all these results, the equation for ¢’
gives

. 11[2~ C }
=——In|ZgF — =

in which we have set C = 0 for simplicity, and C is another
integration constant.

As ¥ — 0, we find that the above solution becomes a
locally flat domain wall with U ~ V — oo. The asymptotic
behavior is given by

(4.42)

1 3 3
¢N§1nl7, ¢0~—Eln7, U’\’V’V—%h’l; (443)

For 7 — oo, we find

d~—1InF. go~ - In

~——Inr, ~ —Inr,
4 "7 20

Vv 41 r, U 31 r (4.44)
~ —1n ~ —InF. .
500 0"
Computing the type IIB metric, we obtain
Goo ~ AUHINTIS 0 s oo, (4.45)

as 7 — 0o, which implies that the IR singularity is unphysi-
cal.

For p # 0, we can only partially solve the BPS equations.
As in the p = 0 case, the BPS equations give U = 2¢y.
Taking a linear combination ¢, + %d)’ and defining a new

_u
coordinate 7 via g’ =¢ 5%, we find

=l |Z@rro) -2 446
¢0—§n|:§(8/0”+ )i|—§¢~ (4.46)

The complete solutions can be obtained numerically. Asr —
00, we find

1 1
~ 5 ¢o ~ ——1logp, U~V ~2¢. (4.47)

10

Examples of these solutions for S O (4) gauge group are given
inFigs. 35 and 36 for different values of g. The behavior of the
ten-dimensional metric gqg for these flow solutions is shown
in Fig. 37 from which only the singularities of Mkws x H3-
sliced domain walls are physical. For Mkw; x R3-sliced
domain walls with & = 0, the twist condition gives p = 0
resulting in the usual flat domain walls.

4.2.2 Solutions with SO (3) + twists

We now consider another twist by turning on the gauge fields

for self-dual SO(3)4 gauge symmetry. Only the scalar field

¢o is SO(3)+ singlet, so we simply have /ﬁ[/ = §;j. Fur-

thermore, we consider only SO (4) gauge group since this is

the only gauge group that contains the SO (3). subgroup.
The SO (3)4+ gauge fields are given by

2 _ 43 _ VP K@) J
A=A = R )
13 42 _ -V P fk(W)
AD=AD = g
23 _ 414 _ v D cot(@)
A =A4An =€ g o (4.48)

With the projectors (3.48), (3.126) and (4.12) together with
the twist condition (3.47), the resulting BPS equations are
given by

2g 3
U ==2 —2¢0 _ ~_,—2(V—¢0) , 4.49
5 ¢ 10¢ P (4.49)

28 _, T _sv—

V/ = 287200 4 (V—¢0) , 4.50
5 e +10¢ P (4.50)

3
— 2o 200 _ —2(V—¢0) ,, 4.51
by = ~ 3¢ P (4.51)

As in the case of SO (3) twist, we do not find any Ad Sy fixed
points from these equations.

From the BPS equations, we again find that U = 2¢y.
By taking a linear combination V' — 2¢(, and defining a new
radial coordinate 7 by % = ¢V, we obtain

= In(pF 4 C) + 2. (4.52)

Using ¢ from (4.52) in equation for V', we find, after chang-
ing to the coordinate 7,

_ 7
V=L (pF + )% + — In(pF + C). (4.53)
5p 10

As 7 — oo, we find, with C set to zero by shifting 7,

1
and ¢g ~ — gpi’ (4.54)

10

which is identified with a domain wall solution given in [41].
On the other hand, as ¥ — 0, the solution becomes

1 ~2
U ~ V~§gpr

3 7
U ~ —gln(pf), V ~ Eln(pf),

3
Po ~ 1o In(pF). (4.55)

This singularity is unphysical since the ten-dimensional met-
ric gives

2U+3 o

goo ~ e — 0. (4.56)

We note that this solution is the same as that given in
Sect. 3.2.2 for CS0O (4, 0, 1) gauge group. The two gauged
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Fig. 35 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkws x $3-sliced curved domain walls for
SO(3) twist in SO (4) gauge group. The blue, orange, green and red curves refer to g = 4, 8, 16, 32, respectively

supergravities can be obtained from truncations of type
IIB and type IIA theories on S3, respectively. In fact,
there is a duality between these solutions as pointed out in
[38].

4.3 Solutions with the twists on %

We finally look for supersymmetric solutions obtained from
the twists on a four-manifold £*. As in the case of gaugings
in 15 representation, we will consider two types of £ in
terms of a product of two Riemann surfaces 2 x £2 and a
Kahler four-cycle K*.

4.3.1 Solutions with SO (2) x SO(2) twists on £2 x £?2
For solutions with SO (2) x S O (2) twists, there are two gauge

groups to consider, SO (4) and SO (2, 2) with the embedding
tensor (4.8). The ansatz for the metric is given in (3.83). To

@ Springer

cancel the spin connection on E,%l X E,%z, we turn on the

following SO (2) x SO(2) gauge fields
12 — & fk/l (91) & f[é2(02)
O 4k, fi, 01) 4k fi, (02)
/ /
s pu Ty (91)6_‘,6(51 25 fr (492)6_‘,‘,6@2

e Vet e W2

’

= — (4.57)
O 4ky fiy 01) 4ka fi,(62)
with the corresponding two-form field strengths
F(122) = —e_zv%eé1 AeP — e_ZW%eé2 Ae?2,
Fé‘% = —e_zv%eél APt — e_ZW@eé2 Ae?. (4.58)

Following a similar analysis for gaugings in 15 represen-
tation, we also turn on the modified three-form field strength
using the ansatz

mnrs

() g 2VHWHdgo) (4.59)
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Fig. 37 Profiles of the ten-dimensional metric component gqo for the supersymmetric flows given in Figs. 35 and 36
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in which 8 is a constant. We now impose the twist conditions

glopii+p2) =k and glopin+ pn) =k (4.60)

and the projection conditions in (3.92) together with (4.12).
With all these, the resulting BPS equations are given by

2¢0
e _
U'=—— [8 2VHD (% pyy + par)

10
e 2XWHD (e 1y + Pzz)]

3
~|—§e_2(¢0+¢)(e4¢ +0)+ 56—2(V+W+2¢0)‘3’ 4.61)

vV = _ﬂ 42V +4) (€4¢ + )
= 10 P11 T P21
e2WHD (A + Pzz)]
_|_g 2(¢0+¢)(e4¢ +0)— 2 —2(V+W+2¢0)/3 (4.62)
5
W = _@ 6—2(V+¢)(64¢ + )
- 10 P11 P21

—4e2WHD (s 4 Pzz)]

+§e—2(¢0+¢)(e4¢> +0)— ge—Z(V+W+2¢0)/3’ (4.63)

2¢0
e
¢ =——— [6_2(V+¢) e* p11 + p21)

20
+e2WH0) (4 p1y + Pzz)]

48 o 20040) (M 4 ) —

_2(V+W+2¢0),3
10

(4.64)

260
e _
¢ = 1 [6 2VHD (4 iy — par)

e 2WHD (e pyy — Pzz)]

_ 8, 200H0) (o4 _ oy,

5 (4.65)

Unlike the similar analysis for gaugings in 15 representation,
it turns out that compatibility between these BPS equations
and the second-ordered field equations requires

pi2p21 + p1iprn =0 (4.66)

for any values of 8. This implies that the constant g is a free
parameter in this case. However, we do not find any AdS3
fixed points from the BPS equations.

For SO(4) gauge group, examples of flow solutions
between asymptotically locally flat domain walls and curved
domain walls for various forms of £2 x X2 are shown in
Figs. 38, 39, 40, 41, 42, and 43. In these solutions, we have
chosen particular values of g = 16 and 8 = 2. The green
curve in Fig. 41 is the flat domain wall solution given in [41].
All of the IR singularities are physical as can be seen from
the behavior of the ten-dimensional metric given in Fig. 44.

@ Springer

We have also considered SO(2) twists on % x %2 by
setting p1; = p12 = 0 and obtain more complicated BPS
equations. However, we do not find any AdS3 fixed points
either. Therefore, we will not give further detail on this anal-
ysis.

4.3.2 Solutions with SO (3) twists on K*
For ©* being a Kahler four-cycle K, we perform an SO (3)

twist to cancel the SU (2) part of the spin connection, given
in (3.112), by turning on the SO (3) gauge fields

Al = (fk(w) — D't (4.67)
with the two-form field strengths given by

H(z) = —5672\/ (ez1 A e§ PN eé) ,

H(z) = —2672V <e5 AeS— A ea)

H(z) = —Z -2V <e3 Aet— 65 A eﬁ) (4.68)

These field strengths do not lead to any problematic terms
in the modified Bianchi’s identity for the three-form field
strengths. However, we can have a non-vanishing three-form
field strength by using the following ansatz

mnrs —

O) = Be Vg, .. (4.69)
which is a manifestly closed three-form for a constant .

With the SL(4)/SO(4) coset representative and the
embedding tensor given in (4.32) and (4.31) together with
the projections (3.117) and (4.12), we find the following BPS
equations

U = 80200430038 4 ) _ 3 2V-00+0)

10
3
_36—4(V+¢0) 8,
8
10

+§e*4(V+¢o)I3’

&) = 28;0 e"20030) (3586 4 5y,

L mavong,

5

—%e*2(¢0+3¢’>(e8¢’ o+ %efzwfmw) b @73
in which we have used the twist condition (3.47). We do not
find any AdS3 fixed points from these equations. Examples
of supersymmetric flows for § = —2 are givenin Figs. 45 and
46 for k = 1 and k = —1, respectively. From the behavior
of the ten-dimensional metric given in Fig. 47, we find that
the IR singularities for k = —1 are physical. In the case of

p
(4.70)
V= e—2(V—¢0+¢)

2D 3 4 p) 4 0 »

471

—2(V—¢o+¢)p

4.72)

¢’ =
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Fig. 38 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x S x S2-sliced curved domain walls
in SO (4) gauge group. The blue, orange, green, red and purple curves refer to po; = —0.5, —0.12, 0, 0.12, 0.25, respectively
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Fig. 39 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x S x R2-sliced curved domain walls
in SO (4) gauge group. The blue, orange, green, red and purple curves refer to po; = —0.5, —0.12, 0.03, 0.06, 0.25, respectively
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Fig. 40 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x §? x H?-sliced curved domain walls
in SO (4) gauge group. The blue, orange, green, red and purple curves refer to po; = —0.5, —0.03, 0, 0.08, 0.25, respectively
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Fig. 41 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x R? x R?-sliced domain walls in S O (4)
gauge group. The blue, orange, green, red and purple curves refer to py; = —0.5, —0.12, 0, 0.03, 0.25, respectively
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Fig. 42 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x H? x R2-sliced curved domain walls
in SO (4) gauge group. The blue, orange, green, red and purple curves refer to —0.5, —0.12, —0.03, 0, 0.25, respectively
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Fig. 43 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x H? x H?-sliced curved domain walls
in SO (4) gauge group. The blue, orange, green, red and purple curves refer to py; = —0.5, —0.12, —0.01, 0.25, 0.6, respectively
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Fig. 44 Profiles of the ten-dimensional metric component ggo for the supersymmetric flows given in Figs. 38, 39, 40, 41, 42, and 43

flat K,,‘(1 with £ = 0, we have p = 0 by the twist condition
resulting in the standard flat domain wall solutions.

4.3.3 Solutions with SO (2) twists on K*

As the final case, we briefly consider the SO (2) twist by
turning on an SO (2) gauge field to cancel the U (1) part of
the spin connection for the metric (3.132). This gauge field
is given by

2

A% = p
4V fr(¥)
The SO(2) singlet scalars from SL(4)/SO(4) coset are
described by the coset representative (4.21), and the embed-
ding tensor is given in (4.23). We can also turn on the three-
form field strength (4.69). With the twist condition (3.47) and
the projections (4.12) together with

(4.74)

yHet = —yet = —(p)yel, (4.75)
the corresponding BPS equations are given by
U — 18;0 o—2(@0+91) [264@ — (p — o) sinh 2¢3

~+(p + o) cosh 2¢3 cosh 2¢2]

_ge—zw—qsown b ge—4<V+¢o> 8, (4.76)
v = 18;0 o—2(@0+91) [264@ — (p — o) sinh 2¢3

+(p + o) cosh 2¢3 cosh 2¢2]
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9 2
4 e 2V —boton) 4 Z 4V b0 g

10 5
o) = %g*mﬁm [2¢%" — (p — o) sinh 295

+(p + o) cosh 2 cosh 2¢3]
_ = ,2(V—¢oto1) — ,—4(V+go)
10° ptse P

_§6*2(¢0+¢1) [264¢1 + (p — o) sinh 2¢3

—(p + o) cosh 2¢, cosh 2¢3]

3
+ 2V b0t (4.79)

—ge_2(¢°+¢1) (p 4+ o) sinh 2¢, sech 2¢3,

2
%e—Z(¢o+¢1) [(p — o) cosh2¢3
—(p + o) cosh 2¢), sinh 2¢3] .

4.77)

(4.78)

¢ =
¢y =

(4.80)

4.81)

As in all of the previous cases for gaugings in 40 represen-
tation, there are no AdS3 fixed points from these equations.

5 Conclusions and discussions

In this paper, we have extensively studied supersymmet-
ric AdS, x 77" solutions of the maximal gauged super-
gravity in seven dimensions with CSO(p,q,5 — p — q)
and CSO(p,q,4 — p — q) gauge groups. These gauged
supergravities can be embedded respectively in eleven-
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Fig. 45 Supersymmetric flows interpolating between asymptotically locally flat domain walls and Mkw, x C P2-sliced curved domain walls in
SO (4) gauge group. The blue, orange, green and red curves refer to g = 4, 8, 16, 32, respectively

dimensional and type IIB supergravities on H?4 o T>~P~4
and HP9 o T*P~4_ Therefore, all the solutions given here
have higher dimensional origins and could be interpreted as
different brane configurations in string/M-theory. This makes
applications of these solutions in the holographic context
more interesting. Accordingly, we hope our results would be
useful along this line of research.

For a particular case of SO(5) gauge group, we have
recovered all the previous results on AdS, x 77" fixed
points with n = 2,3,4,5. We have provided numerical
RG flows interpolating between the supersymmetric N = 4
AdS7 vacuum dual to N = (2, 0) SCFT in six dimensions
and all these AdS,, x £77" fixed points. Some of these flows
have not previously been discussed, so our results could com-
plete the list of already known flow solutions. Furthermore,
we have extended all these RG flows to singular geometries
in the IR. These singularities take the form of curved domain
walls with Mkw,_; x 77" slices and can be interpreted as

non-conformal field theories in n# — 1 dimensions. The flow
solutions suggest that they describe non-conformal phases
of the (n — 1)-dimensional SCFTs obtained from twisted
compactifications of N = (2, 0) SCFT in six dimensions.
We have also discovered novel classes of AdS5 x s2,
AdS; x §% x 2 and Ad Sz x C P? solutions in non-compact
SO(3, 2) gauge group. Unlike in SO (5) gauge group, there
do not exist any supersymmetric AdS7 fixed points in this
gauge group. The maximally supersymmetric vacua are given
by half-supersymmetric domain walls. In this case, we have
studied RG flow solutions between these new fixed points and
curved domain walls. We have also examined the behavior
of the time component of the eleven-dimensional metric and
found that many of the singularities are physically accept-
able. The singular geometries identified here can be then
interpreted as a holographic description of non-conformal
field theories obtained from twisted compactifications of
N = (2, 0) six-dimensional field theories. A similar study
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Table1 AdS, x 77" fixed

! ) AdS, Unbroken symmetry »7-n Gauge group
points from maximal gauged
supergravity in seven SO0) S0@, 1) S0@G,2)
dimensions together with the 5
corresponding symmetries and AdSs S0(2) x50 S 8 8
numbers of unbroken R? 16
supercharges. 2 can be §2, R? H2 8
or H? 3
Ad Sy SO(3) H- 8
SO3) 4 H? 4
AdS3 SO(4) H* 4
S0(2) x SO(2) §? x x? 4
H? x %2 4
SO(3) CH?
SOB3): CH? 2
SO2) x SOQ) CP? 4 4
CH? 4
AdS» SO3) x SO(2) H3 x H? 4
SO(5) $3 2
H 2

has been carried out for SO (4, 1) gauge group in which a
new class of AdS3 x C P? solutions has been found. For con-
venience, we summarize all the AdS, x X7~ fixed points
identified here together with all the previously known results
in SO(5) gauge group in Table 1.

Flow solutions for non-compact SO(3,2) and SO (4, 1)
gauge groups can also be interpreted as black 3-brane and
black strings in asymptotically curved domain wall space-
time. These solutions are similar to four-dimensional black
holes studied in [43]. In [44], these black hole solutions have
been shown to arise from a dimensional reduction of the
Ad Ss black strings studied in [14]. It has also been pointed
out in [44] that the four-dimensional black holes, with curved
domain wall asymptotics, should be seen from a higher-
dimensional perspective as black strings in Ad S5. However,
this is not the case for the solutions given in this paper.
Our solutions cannot be related to any supersymmetric black
objects in eight dimensions with asymptically AdSg space-
time due to the absence of supersymmetric AdS; vacua for
d>".

For CSO(p, g, 4— p —q) gauge group which is obtained
from a truncation of type IIB theory, we have performed
a similar analysis as in the CSO(p,q,5 — p — q) gauge
group but have not found any Ad S, fixed points. The result-
ing gauged supergravity admits half-supersymmetric domain
walls as vacuum solutions which, upon uplifted to ten dimen-
sions, describe 5-branes in type IIB theory. We have given
supersymmetric flow solutions interpolating between asymp-
totically locally flat domain walls, in which the effect of
magnetic charges are small compared to the superpoten-
tial of the domain walls, and curved domain walls with

Mkw,—; x 77" worldvolume. By the standard DW/QFT
correspondence, these solutions should be interpreted as RG
flows across dimensions between non-conformal field theo-
ries in six and n — 1 dimensions. It could be interesting to
study these field theories on the worldvolume of the 5-branes
in type IIB theory. Our results suggest that these N = (2, 0)
field theories have no conformal fixed points in lower dimen-
sions. It could be interesting to have a definite conclusion
whether this is true in general. On the other hand, if this
is not the case, it would also be interesting to extend the
analysis of this paper by using more general ansatz in par-
ticular with non-vanishing massive two-form fields and find
new classes of AdS, x 77" solutions of seven-dimensional
gauged supergravity.
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Appendix A: Bosonic field equations

For

convenience, in this appendix, we collect all the bosonic

field equations of the maximal gauged supergravity in seven
dimensions. These equations are given by

1
0= Ry — ZMMPMNQ(DMMMN)(D‘,MPQ)
2 P
_gngV —4MpypMyo ('Hl(ngNH(Z)PQu
1 2)MN 4 /(2)P
_ngHﬁm) HPPOpo
MN (1,3 26 2 B o/Gpor
-M (HupaMH(v WTN - EgﬂvaaAMH( we N) ’
(A1)
2
0 = D*(MypDuMPNy — %MPQMRN
x (2YroYPm — YPoYrM)
4 PN B ()
_gM H/prH Hp
_SMMPMQRHLZBPQH(Z)RNMV
+4g2 72T P ZNRS Mo QMR Mps — My p Mgs)
+4g2 29T P ZRSN Mos @M p Mpy — MrrMpy)
—4gsy 2"V P 2RSS My g (MyrMps — My p Mgs)
8
230 (V+ Msp MorHEP OH@RSI
1 P
- 04/3) 3)uvp
+ 16M H,pp™ Q) ,
(A.2)
0 = 4D, (MypMyoHDPOH)
—gXMNPQMQRDMMPR
_ZEMNPQRMPSHG)MUPSH]%)QR
1 _ 3 3
+§e IEMUPAJIKHLP)AMH{(”)KN’ (A.3)
0= D, (MMNH@ry)
_ZgZNP,MMNQMPRH(z)QR;w
1
_76_]GMUDAUWH,(OZA)MNHS?KN* (A.4)
0= E_IGMUPAUTKYMNH;?Z{ — 6YMNMNPH(3)MVPP. (A5)
References
1. J.M. Maldacena, The large N limit of superconformal field theo-
ries and supergravity. Adv. Theor. Math. Phys. 2, 231-252 (1998).
arXiv:hep-th/9711200
2. S.S. Gubser, I.R. Klebanov, A.M. Polyakov, Gauge theory corre-
lators from noncritical string theory. Phys. Lett. B 428, 105-114
(1998). arXiv:hep-th/9802109
3. E. Witten, Anti De sitter space and holography. Adv. Theor. Math.

Phys. 2, 253-291 (1998). arXiv:hep-th/9802150

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. HJ.

PK. Townsend, The
JHEP 01, 003 (1999).

Boonstra, K. Skenderis,
domain-wall/QFT correspondence.
arXiv:hep-th/9807137

. T. Gherghetta, Y. Oz, Supergravity, non-conformal field the-

ories and brane-worlds. Phys. Rev. D 65, 046001 (2002).
arXiv:hep-th/0106255

. Ingmar Kanitscheider, Kostas Skenderis, Marika Taylor, Preci-

sion holography for non-conformal branes. JHEP 09, 094 (2008).
arXiv:0807.3324

. E. Witten, Topological quantum field theory. Commun. Math. Phys.

117, 353 (1988)

. J. Maldacena, C. Nunez, Supergravity description of field theories

on curved manifolds and a no go theorem. Int. J. Mod. Phys. A 16,
822 (2001). arXiv:hep-th/0007018

. J.P. Gauntlett, N. Kim, S. Pakis, D. Waldram, M-Theory solutions

with AdS factors. Class. Quantum Gravity 19, 3927-3946 (2002).
arXiv:hep-th/0202184

S. Cucu, H. Lu, JE Vazquez-Poritz, Interpolating from
AdS(p—2) x S* to AdSp. Nucl. Phys. B 677, 181 (2004).
arXiv:hep-th/0304022

J.P. Gauntlett, N. Kim, D. Waldram, M five-branes wrapped
on supersymmetric cycles. Phys. Rev. D 63, 126001 (2001).
arXiv:hep-th/0012195

J.P. Gauntlett, N. Kim, M five-branes wrapped on supersymmetric
cycles 2. Phys. Rev. D 65, 086003 (2002). arXiv:hep-th/0109039

1. Bah, C. Beem, N. Bobev, B. Wecht, Four-dimensional SCFTs
from M5-branes. JHEP 06, 005 (2012). arXiv:1203.0303

F. Benini, N. Bobev, Two-dimensional SCFT's from wrapped branes
and c-extremization. JHEP 1306, 005 (2013). arXiv:1302.4451

P. Karndumri, E.O. Colgain, 3D supergravity from wrapped M5-
branes. JHEP 03, 188 (2016). arXiv:1508.00963

B.S. Acharya, J.P. Gauntlett, N. Kim, Five-branes wrapped
on associative three cycles. Phys. Rev. D 63, 106003 (2001).
arXiv:hep-th/0011190

P. Karndumri, Noncompact gauging of N = 2 7D supergravity and
AdS/CFT holography. JHEP 02, 034 (2015). arXiv:1411.4542

P. Karndumri, RG flows from (1, 0) 6D SCFTsto N = 1 SCFTs in
four and three dimensions. JHEP 06,027 (2015). arXiv:1503.04997
P. Karndumri, P. Nuchino, Two-dimensional SCFTs from matter-
coupled 7D N = 2 gauged supergravity. Eur. Phys. J. C 79, 652
(2019). arXiv:1905.13085

P. Karndumri, E.O. Colgain, 3D supergravity from wrapped D3-
branes. JHEP 10, 094 (2013). arXiv:1307.2086

N. Bobeyv, K. Pilch, O. Vasilakis, (0,2) SCFTs from the Leigh—
Strassler fixed point. JHEP 06, 094 (2014). arXiv:1403.7131

N. Bobev, PM. Crichigno, Universal RG flows across dimensions
and holography. JHEP 12, 065 (2017). arXiv:1708.05052

F. Benini, N. Bobev, P.M. Crichigno, Two-dimensional SCFT's from
D3-branes. JHEP 07, 020 (2016). arXiv:1511.09462

P. Karndumri, Holographic renormalization group flows in N = 3
Chern—Simons—Matter theory from N = 3 4D gauged supergrav-
ity. Phys. Rev. D 94, 045006 (2016). arXiv:1601.05703

A. Amariti, C. Toldo, Betti multiplets, flows across dimensions and
c-extremization. JHEP 07, 040 (2017). arXiv:1610.08858

P. Karndumri, Supersymmetric AdS; x X, solutions from
tri-sasakian truncation. Eur. Phys. J. C 77, 689 (2017).
arXiv:1707.09633

P. Karndumri, Twisted compactification of N = 2 5D SCFTs to
three and two dimensions from F(4) gauged supergravity. JHEP
09, 034 (2015). arXiv:1507.01515

H.L. Dao, P. Karndumri, Holographic RG flows and AdSs black
strings from 5D half-maximal gauged supergravity. Eur. Phys. J. C
79, 137 (2019). arXiv:1811.01608

H.L. Dao, P. Karndumri, Supersymmetric AdSs black holes and
strings from 5D N = 4 gauged supergravity. Eur. Phys. J. C 79,
247 (2019). arXiv:1812.10122


http://arxiv.org/abs/hep-th/9711200
http://arxiv.org/abs/hep-th/9802109
http://arxiv.org/abs/hep-th/9802150
http://arxiv.org/abs/hep-th/9807137
http://arxiv.org/abs/hep-th/0106255
http://arxiv.org/abs/0807.3324
http://arxiv.org/abs/hep-th/0007018
http://arxiv.org/abs/hep-th/0202184
http://arxiv.org/abs/hep-th/0304022
http://arxiv.org/abs/hep-th/0012195
http://arxiv.org/abs/hep-th/0109039
http://arxiv.org/abs/1203.0303
http://arxiv.org/abs/1302.4451
http://arxiv.org/abs/1508.00963
http://arxiv.org/abs/hep-th/0011190
http://arxiv.org/abs/1411.4542
http://arxiv.org/abs/1503.04997
http://arxiv.org/abs/1905.13085
http://arxiv.org/abs/1307.2086
http://arxiv.org/abs/1403.7131
http://arxiv.org/abs/1708.05052
http://arxiv.org/abs/1511.09462
http://arxiv.org/abs/1601.05703
http://arxiv.org/abs/1610.08858
http://arxiv.org/abs/1707.09633
http://arxiv.org/abs/1507.01515
http://arxiv.org/abs/1811.01608
http://arxiv.org/abs/1812.10122

Eur. Phys. J. C

(2020) 80:201

Page 49 of 49 201

30.

31

32.

33.

34.

35.

36.

37.

M. Suh, D4-branes wrapped on supersymmetric four-cycles. JHEP
1901, 035 (2019). arXiv:1809.03517

M. Suh, D4-branes wrapped on supersymmetric four-cycles from
matter coupled F(4) gauged supergravity. JHEP 1902, 108 (2019).
arXiv:1810.00675

C. Nunez, Y. Park, M. Schvellinger, T.A. Tran, Supergravity duals
of gauge theories from F(4) gauged supergravity in six dimensions.
JHEP 04, 025 (2001). arXiv:hep-th/0103080

N. Kim, M. Shim, Wrapped brane solutions in romans F(4) gauged
supergravity. arXiv:1909.01534

H. Samtleben, M. Weidner, The maximal D = 7 supergravities.
Nucl. Phys. 725, 383-419 (2005). arXiv:hep-th/0506237

M. Pernici, K. Pilch, P. van Nieuwenhuizen, Gauged maximally
extended supergravity in seven-dimensions. Phys. Lett. B 143, 103
(1984)

M. Pernici, K. Pilch, P. van Nieuwenhuizen, N.P. Warner, Non-
compact gaugings and critical points of maximal supergravity in
seven-dimensions. Nucl. Phys. B 249, 381 (1985)

O. Hohm, H. Samtleben, Consistent Kaluza—Klein truncations via
exceptional field theory. JHEP 1501, 131 (2015). arXiv:1410.8145

38.

39.

40.

41.

42.

43.

44,

E. Malek, H. Samtleben, Dualising consistent IIA/IIB truncations.
JHEP 12, 029 (2015). arXiv:1510.03433

H. Nastase, D. Vaman, P. van Nieuwenhuizen, Consistent nonlin-
ear KK reduction of 11 — d supergravity on AdS(7) x S(4) and
selfduality in odd dimensions. Phys. Lett. B 469, 96-102 (1999).
arXiv:hep-th/9905075

H. Nastase, D. Vaman, P. van Nieuwenhuizen, Consistency of the
AdS7 x S§* reduction and the origin of self-duality in odd dimen-
sions. Nucl. Phys. B 581, 179-239 (2000). arXiv:hep-th/9911238
P. Karndumri, P. Nuchino, Supersymmetric domain walls in 7D
maximal gauged supergravity. Eur. Phys. J. C 79, 648 (2019).
arXiv:1904.02871

M. Cvetic, H. Lu, C.N. Pope, A. Sadrzadeh, T.A. Tran, S3 and §*
reductions of type IIA supergravity. Nucl. Phys. B 590, 233-251
(2000). arXiv:hep-th/0005137

S.L. Cacciatori, D. Klemm, Supersymmetric Ad S4 black holes and
attractors. JHEP 01, 085 (2010). arXiv:0911.4926

K. Hristov, Dimensional reduction of BPS attractors in AdS gauged
supergravities. JHEP 12, 066 (2014). arXiv:1409.8504

@ Springer


http://arxiv.org/abs/1809.03517
http://arxiv.org/abs/1810.00675
http://arxiv.org/abs/hep-th/0103080
http://arxiv.org/abs/1909.01534
http://arxiv.org/abs/hep-th/0506237
http://arxiv.org/abs/1410.8145
http://arxiv.org/abs/1510.03433
http://arxiv.org/abs/hep-th/9905075
http://arxiv.org/abs/hep-th/9911238
http://arxiv.org/abs/1904.02871
http://arxiv.org/abs/hep-th/0005137
http://arxiv.org/abs/0911.4926
http://arxiv.org/abs/1409.8504

	Twisted compactifications of 6D field theories from maximal 7D gauged supergravity
	Abstract 
	1 Introduction
	2 N=4 gauged supergravity in seven dimensions
	3 Solutions from gaugings in 15 representation
	3.1 Supersymmetric AdS5timesΣ2 solutions with SO(2)timesSO(2) symmetry
	3.2 Supersymmetric AdS4timesΣ3 solutions with SO(3) symmetry
	3.2.1 Solutions with SO(3) twists
	3.2.2 Solutions with SO(3)+ twists

	3.3 Supersymmetric AdS3timesΣ4 solutions
	3.3.1 AdS3timesM4 solutions with SO(4) twists
	3.3.2 AdS3timesΣ2timesΣ2 solutions with SO(2)timesSO(2) twists

	3.4 AdS3 vacua from Kahler four-cycles
	3.4.1 AdS3timesK4k solutions with SO(3) twists
	3.4.2 AdS3timesK4k solutions with SO(3)+ twists
	3.4.3 AdS3timesK4k solutions with SO(2)timesSO(2) twists

	3.5 Supersymmetric AdS2timesΣ5 solutions

	4 Solutions from gaugings in overline40 representation
	4.1 Solutions with the twists on Σ2
	4.1.1 Solutions with SO(2)timesSO(2) twists
	4.1.2 Solutions with SO(2) twists

	4.2 Solutions with the twists on Σ3
	4.2.1 Solutions with SO(3) twists
	4.2.2 Solutions with SO(3)+ twists

	4.3 Solutions with the twists on Σ4
	4.3.1 Solutions with SO(2)timesSO(2) twists on Σ2timesΣ2
	4.3.2 Solutions with SO(3) twists on K4
	4.3.3 Solutions with SO(2) twists on K4


	5 Conclusions and discussions
	Acknowledgements
	Appendix A: Bosonic field equations
	References




