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Abstract We give a large class of supersymmetric domain
walls in maximal seven-dimensional gauged supergrav-
ity with various types of gauge groups. Gaugings are
described by components of the embedding tensor trans-
forming in representations 15 and 40 of the global symmetry
SL(5). The embedding tensor in 15 representation leads to
CSO(p,q.5 — p — q) gauge groups while gaugings in 40
representation describes CSO (p, g, 4— p—q) gauge groups.
These gaugings admit half-supersymmetric domain walls
as vacuum solutions. On the other hand, gaugings involv-
ing both 15 and 40 components lead to %—supersymmetric
domain walls. In this case, the gauge groups under consider-
ation are SO (2, 1) x R* and CS0O(2,0,2) ~ SO(2) x R*.
All of the domain wall solutions are analytically obtained.
For SO(5) gauge group, the gauged supergravity admits an
N = 4 supersymmetric AdS7 vacuum dual to N = (2, 0)
SCFT in six dimensions. The corresponding domain walls
can be interpreted as holographic RG flows from the N =
(2, 0) SCFT to non-conformal N = (2, 0) field theories in
the IR. The solutions can be uplifted to eleven dimensions
by using a truncation ansatz on S*. Furthermore, the gauged
supergravity with CSO (4,0, 1) ~ SO (4) x R* gauge group
can be embedded in type IIA theory via a truncation on S3.
The uplifted domain walls, describing NS5-branes of type
IIA theory, are also given.

1 Introduction

Supersymmetric p-branes have played an important role
throughout the development of string/M-theory. These
extended objects can be effectively described by using
(p + 2)-dimensional gauged supergravity (possibly includ-
ing massive deformations in higher dimensions) in which
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they become domain walls. The latter are of particular inter-
est in the DW/QFT correspondence [1-3], a generalization
of the AdS/CFT correspondence [4], and in cosmology, see
for example [5-7]. In addition, classifications of supersym-
metric domain walls can give some insight to the underlying
structure of M-theory [8] through the algebraic structure E7;
[9].

In ten dimensions, there is only one massive type IIA
supergravity and hence only one possible domain wall [10].
In nine and eight dimensions, half-supersymmetric domain
walls have been studied in [11,12] and [13, 14] using max-
imal gauged supergravities. In this paper, we will consider
supersymmetric domain walls within maximal gauged super-
gravity in seven dimensions. General discussions about this
type of solutions and examples of domain walls in N = 4
gauged supergravity with SO (5) gauge group have already
been given in previous works [15-19]. However, as pointed
out in [18], a systematic study of these domain walls and
explicit solutions in other gauge groups have not appeared
so far. Similar solutions in lower-dimensional gauged super-
gravities can also be found in [20-25].

We will give a large number of supersymmetric domain
wall solutions in maximal N = 4 gauged supergravity with
various gauge groups. The first N = 4 gauged supergrav-
ity with SO(5) gauge group has been constructed for a long
time in [26,27]. It can be obtained from a consistent trunca-
tion of eleven-dimensional supergravity on a four-sphere S*
[28-30]. The most general deformations of the N = 4 super-
gravity are obtained by using the embedding tensor formal-
ism. These gaugings have been constructed in [31]. There
are two components of the embedding tensor transforming
in 15 and 40 representations of the global SL(5) symme-
try. As shown in [18], each of these components leads to
half-supersymmetric domain walls. In addition, the 15 and
40 parts give rise to domain walls supporting respectively
tensor and vector multiplets on their world-volumes. Unlike
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higher-dimensional analogues, when both representations of
the embedding tensor are present simultaneously, the domain
walls are only ‘l‘-supersymmetric. In this paper, we will ana-
lytically give solutions for domain walls of all these types.

For gaugings in 15 representation, we will consider
CSO(p,q,5 —p —q) ~ SO(p,q) x RPTOE=r=0)
gauge groups. For SO (5) gauge group with known eleven-
dimensional origin, solutions to N = 4 gauged supergrav-
ity can be embedded in M-theory. Furthermore, this gauged
supergravity also admits a maximally supersymmetric Ad S7
vacuum which s, according to the AdS/CFT correspondence,
dualto N = (2, 0) superconformal field theory (SCFT) in six
dimensions. The domain walls with an Ad.S;7 asymptotic can
be interpreted as holographic RG flows from the N = (2, 0)
SCFT to non-conformal field theories in the IR. We consider
this type of domain walls in the context of the AdS/CFT cor-
respondence and carry out their uplift to eleven dimensions.
In addition, the gauging from 15 representation with gauge
group CSO (4,0, 1) can be obtained from a truncation of
type IIA supergravity on 3 [32]. We also give uplifted solu-
tions of the domain walls from this gauge group in type IIA
theory.

For gaugings in 40 representation, the gauge groups under
consideration are CSO(p,q,4—p—q) C SL(4) C SL(5).
The existence of a higher-dimensional origin of the SO (4)
gauge group from a truncation of type IIB theory on S° has
been pointed out in [1], and, recently, the corresponding trun-
cation ansatz has been constructed in the framework of excep-
tional field theories in [33]. Finally, for gaugings with the
embedding tensor from both 15 and 40 representations, we
consider non-semisimple SO(2, 1) x R* and SO(2) x R*
gauge groups which give rise to %-supersymmetric domain
walls.

The paper is organized as follow. In Sect. 2, we give
a review of the maximal gauged supergravity in seven
dimensions using the embedding tensor formalism. Half-
supersymmetric domain walls for gauge groups CSO
(p,q,5 — p — q) are given in Sect. 3. For SO(5) gauge
group, admitting a supersymmetric Ad.S7 vacuum, we con-
sider holographic RG flows from N = (2, 0) six-dimensional
SCFT to non-conformal field theories in the IR and study an
uplift to eleven dimensions of these solutions. Uplifted solu-
tions to type IIA theory of domain walls in CSO (4,0, 1)
gauge group are also given. We then perform a similar analy-
sisfor CSO(p, q,4—p—q), SO0, ) xR*and SO (2) x R*
gauge groups in Sects. 4 and 5. Conclusions and comments on
the results are given in Sect. 6. Consistent reduction ansatze
for M-theory on S* and type IIA theory on S° which are
useful to the discussion in the main text are reviewed in the
appendix.
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2 Maximal gauged supergravity in seven dimensions

In this section, we give a brief review of N = 4 gauged super-
gravity in seven dimensions in the embedding tensor formal-
ism. This section closely follows the original construction
given in [31] to which the reader is referred for more detail.
The maximal N = 4 supersymmetry consists of only the
supergravity multiplet with the field content given by

(elly I/IZ,’ Ai‘:’N, BM,LLU9 Xabca VMA)' (1)
Curved and flat space-time indices are denoted by w, v, ...
and {1, v, ..., respectively. Space-time signature is (— ++ +

+ + +). Lower and upper M, N = 1,2,...,5 indices
describe the fundamental and anti-fundamental represen-
tations 5 and 5 of SL(5) global symmetry, respectively.
According to this convention, the ten vector fields AMN =
AWMNT transform as 10 under SL(5) while the two-forms
By transform in 5 representation. There are 14 scalars
living in SL(5)/S O (5) coset and described by the coset rep-
resentative VMA, A=1,2,...,5.

Fermionic fields, on the other hand, transform under the
local SO(5) ~ USp(4) R-symmetry. Indices a, b, ... =
1,2, 3,4 correspond to spinor representation of SO (5) or
equivalently the fundamental representation of U Sp(4). The
gravitini transform as 4 under U Sp(4) while the spin-% fields
x ¢ transform as 16. The latter are subject to the conditions

bc __ _ lab]c

X9 =y and Qa;,)(“bc = X[”b"] =0. 2)

Qap = Qap) 1s USp(4) symplectic form with the inverse
Q% = (Qup)* satisfying QupQt = 8¢. Raising and lower-
ing of USp(4) indices a, b, ... by Q4 and Q, are related
to complex conjugation for example

(VH* = QupV? and (V)" = Q*v,. (3)

All fermions are symplectic Majorana spinors subject to the
conditions

Ve = QupC¥), and 3. = QaaQueQerCx’ (@)
where C denotes the charge conjugation matrix obeying
c=Ccl=-c'=-c" Q)

The Dirac conjugate on a spinor W is defined by W = W0,
We will denote space-time gamma matrices by y* as opposed
to I'* in the convention of [31].

The SL(5)/SO(5) coset representative Vu? transform
under the global SL(5) and local SO(5) ~ USp(4) by
left and right multiplications, respectively. Accordingly, the
index A can be described by an anti-symmetric pair of
U Sp(4) fundamental indices, and VMA can be written as
Vil subject to the condition

Y, = 0. (6)
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The inverse of VM“b will be denoted by VubM . We then have
the following relations

1
Vi Vap =83y and Vap" Vit = 85 — 2 Qa2

@)

with 8¢¢ = 5151, Tt should be noted that the SL(5)/S0(5)
coset can also be described by a unimodular symmetric
matrix My defined by

Mun = V™V Q0 Qpa ®)

with its inverse given by MMN =V, My, N Qacqbd,

The most general gaugings of N = 4 supergravity
can be efficiently described by using the embedding tensor
Oy, p2. This tensor describes an embedding of a gauge
group Gy in the global symmetry group SL(5) via the covari-
ant derivative

D, =V, - gAZ[N(*DMN,PQtPQ )

with V,, being the space-time covariant derivative includ-
ing (possibly) composite SO (5) connections. ¢ o are SL(5)
generators and g is the gauge coupling constant.

The covariant derivative implies that the embedding ten-
sor lives in the product representation between the conjugate
representation of the vector fields and the adjoint represen-
tation of SL(5)

10 ® 24 = 10 + 15 + 40 + 175. (10)

Among the resulting irreducible representations, supersym-
metry allows only the embedding tensor in 15 and 40. These
representations will be denoted respectively by Yy and
ZMN.P with Yun = Ywn), ZMN.P —  7IMNLP anq
ZMN.P] = (. In terms of Yy;y and ZMN-P | the embedding
tensor can be written as

Oun.p? = 8[%[YN]P — 2emnprsZRSC. (11)

In order to define a viable gauging, the embedding ten-
sor needs to satsisfy the so-called quadratic constraint to
ensure that the gauge generators Xyyxy = Oun, p oz P o form
a closed subalgebra of SL(5)

[Xun. Xpo] = —(Xun)po™ Xgs. (12)

In the fundamental representation 5 of SL(5), gauge gener-
ators (Xyn)p € can be written as

Q
(13)

Xum)p? =0Oyuyp? = S[QMYN]P —2emnprsZ™

while in the 10 representation, these generators are given by

Xun)po®s = 2XMN,[P[R5Z]]~ (14)

In terms of Y,y and ZMN-P | the quadratic constraint (12)
reads

YMQZQN’P + 2EMRSTUZRS’NZTU’P =0. (15)

It should also be noted that this constraint implies that the
embedding tensor is gauge invariant

Xumro VOry rS + Xunr! Opo.r°
—~(Xun)15@porT =0. (16)

The introduction of the minimal coupling (9) usually breaks
the original supersymmetry. To restore supersymmetry, mod-
ifications to the Lagrangian and supersymmetry transforma-
tions are needed. In addition to the introduction of fermionic
mass-like terms and scalar potential, gaugings also lead to
hierarchies of non-abelian vector and tensor fields of differ-
ent ranks. In this paper, we are interested only in domain wall
solutions with only the metric and scalars non-vanishing. We
will set all vector and tensor fields to zero from now on. It is
straightforward to verify that for all solutions under consid-
eration here, this is indeed a consistent truncation.

The bosonic Lagrangian with only the metric and scalar

fields reads
1 1

eilﬂ = ER - EPMadePMcdab -V, (17)

and the supersymmetry transformations of ¥ and x ¢ are
given by

Syl = Dyue — gy AP Qpee”, (18)
8Xahc — 2QCdPMdeahyM6€ _|_ gAlzl’abCQdeée' (19)
The covariant derivative of €“ is defined as

1 s
Dye® = 9,€e" + Zwﬂ”ﬂyﬁﬁe“ — Qe (20)

The vielbein on the SL(5)/SO(5) coset Pﬂab"d and the
SO(5) ~ USp(4) composite connection Q ,wb are obtained
from the relation

VabMap,vMCd = Pﬂ(led + ZQM[H[CSZ]L (21)

Aj and Aj tensors are given in terms of scalar fields and the
embedding tensor

1 1 1
Aab — _ _B ab _C(lb , 22
(e o
1
Ad,abc — [ eCQfd(Cab) _ Bab )
2 2«/2 ef ef
1 boed 1 b ~ed 4 e bld
+- [ c¥qed 4 —qabced 4 Zqelach]
4 5 5
(23)
in which B and C tensors are defined by
2 e
B = %szmszb"m,cd, (24)
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By = «/E[sz“sz”f 88h

1 1
-5 (agg - Zgamcd) QsQ/ "]Yef,gh, (25)
cb — 8chz(ac)[bd]7 (26)

Cey = 8 (= QeeQupdih + Qe @pn) 2P 27)

with
Yab,cd = VabMVchYMN, (28)
Z2@NST = 2V VN AVpf Qg MNP (29)

Finally, the scalar potential is given by
1
V = —ISA?bAlah + gAg’thAZa,hcd
1
= 151417 + ol 4of. (30)

It should also be noted that the Lagrangian (17) can be written
in a U Sp(4) invariant form as

11
e lL = SR+ g(altMMN)(DMMMN) . (31)

with the scalar potential given by

2
V = §—4 [ZMMNYNPMPQYQM — (MMNYMN)z:I

+g*ZMN-P ZORS (Mo My rMps
—MpyoMnpMgs). (32)

3 Supersymmetric domain walls from gaugings in 15
representation

In this section, we consider gauge groups arising from the
embedding tensor in 15 representation. It is readily seen from
(15) that setting ZMN-P = 0 trivially satisfies the quadratic
constraint. Therefore, any symmetric tensor Y,y leads to an
admissible gauge group. The SL(5) symmetry can be used
to fix the form of Y,y to be

Yyn = diag(l,...,1,—1,...,—1,0,...,0),
—— ——

p q r
p+q+r=>5. (33)

The corresponding gauge generators are given by
Xun)p? = 5[%1YN]P (34)
which give rise to the gauge group

CSO(p,q,r) ~ SO(p,q) x RPTr, (35)

In order to find supersymmetric solutions, we restrict our-
selves to a subset of scalars invariant under a certain sym-
metry group Hy C Go following the approach introduced

@ Springer

in [34]. The metric takes the form of standard domain wall
ansatz

ds3 = 4O nepdx®dx? 4 dr? (36)

where o, 8 =0, 1,...,5 and A(r) is a warp factor depend-
ing only on the radial coordinate r.

Non-compact generators of SL(5) are given by 5 x 5 sym-
metric traceless matrices. To obtain an explicit parametriza-
tion of the coset representative VMA, it is useful to introduce
G L(5) matrices

(emn) k™ = 8mid. (37)

To convert the SO (5) vector indices A, B, ... =1,2,...,5
to a pair of anti-symmetric USp(4) indices a,b,... =
1, 2, 3, 4, we use aconvenient choice of S O (5) gamma matri-
ces given by

h=L®o, I'i=DL®os,
I's=03® 0 (38)

' = —02 ® o,
Iy =01 ® o2,

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

{Ta. T} =264k, (Ta)* =—Tn"™,
Qup(T )™ =0, (Ta)")* = QueQpa(Ta)™. (39)
The symplectic form of U Sp(4) is taken to be
Q=" =L®io. (40)
The coset representative of the form Vy;*? and the inverse
VabM are then obtained by using the relations
1 1
VMab = EVMA(FA)ah and ngM = EVAM(FA)LII)'
(41)

We are now in a position to set up BPS equations and look for
domain wall solutions with different unbroken symmetries.

3.1 SO(4) symmetric domain walls

We begin with a simple solution with SO (4) symmetry. The
gauge groups that contain SO (4) as a subgroup are SO (5),
SO@4,1)andCSO (4,0, 1). Toincorporate all of these gauge
groups within a single framework, we write the embedding
tensor in the form

Yun = diag(1, 1,1, 1, ) (42)

with k = 1, 0, —1 corresponding to SO(5), CSO(4,0,1), and
SO(4,1) gauge groups, respectively. There is one SO (4) sin-
glet scalar corresponding to the non-compact generator

A

Y =e11 + exn + €33 + esqa — 4ess. 43)

The coset representative can be written as

y=e. (44)
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The scalar potential for this SO (4) invariant scalar is given
by

g2
64
It can be verified that, for « = 1, this potential admits two
Ad S7 critical points at ¢ = 0 and ¢ = % In 2. These criti-
cal points have already been studied in [27]. The first critical
point has S O (5) symmetry and preserves all supersymmetry.
Upon uplifting, this vacuum corresponds to AdS7 x S* solu-
tions of eleven-dimensional supergravity. The cosmological
constant and AdS7 radius are given by

15 , 15 8
Vo=——¢" and L= |—— = —. (46)
64 Vo g

The second critical point is S O (4) symmetric and breaks all
supersymmetry. This non-supersymmetric AdS7 vacuum is
unstable [27].

In order to setup the corresponding BPS equations, we
impose a projector

V = —2 ¢4 (8 + 8ke!'? — k2209). 45)

yret = e 47)

and obtain the following BPS equations from 6/ = 0 and

8 x < = 0 conditions

A = L7244 ke, 48)
40

¢ = 2%@_2‘7’(1 —ke'%), (49)

The condition 8y = 0 gives the usual solution for the

Killing spinors
€ =e2¢g (50)

with the constant spinors € satisfying y,€; = ;. The solu-
tion is then half-supersymmetric.

The above BPS equations can be readily solved to obtain
the solution

A=2¢p— iln(l — ke'%?), (51
1 JK
Sp_ L VK
e’ = ﬁtanh[ 1 (gp+C):| (52)

with the new radial coordinate p defined by Z—f = ¢%. The
integration constant C can be removed by shifting the coor-
dinate p. We have also neglected an additive integration con-
stant for A since it can be absorbed by rescaling the coordi-
nates x*.

Note that for k = —1, the solution for ¢ can be written as

5¢ 1
e’ = tan Z(g,o +C)|. (53)
For k = 0, we find

M = 1gp+O). (54)

3.2 SO(3) x SO(2) symmetric domain walls

We now consider another residual symmetry SO (3) x SO (2)
which s possible only for SO (5) and SO (3, 2) gauge groups.
In this case, we write the embedding tensor as

Yyuny = diag(1,1,1,0,0) (55)

with 0 = 1 and 0 = —1 corresponding to SO(5) and
SO (3, 2), respectively.

The only one SO (3) x SO (2) singlet scalar corresponds
to the non-compact generator

Y = 2e11 + 2e2 + 2e33 — 3eaq — 3ess. (56)

With the coset representative

V= e¢17’ (57)
we find the scalar potential

3
V= —6—4g2e—8¢(1 + 40 e'0?) (58)

which admits an Ad S7 critical point at ¢ = 0 foro = 1.
The BPS equations are given by

1
¢ =—558¢ Poe™ 1), (59)
1
A= —ge (3 4 20e'%?). (60)
40
By defining a new radial coordinate p by the relation Z—f =
¢, we obtain the solution
3 1
A=0- Zln(l — el (61)
1 Jo
3 — — tanh | Y— 0. 62
e ﬁan[4(gp+ )} (62)

This solution is very similar to the S O (4) symmetric solution.
3.3 SO(3) symmetric domain walls

When the residual symmetry of the solutions is smaller, we
find more interesting solutions. We now consider domain
wall solutions with SO (3) symmetry. There are many gauge
groups containing S O (3) subgroup with the embedding ten-
sor given by

Yuy = diag(1, 1, 1, 0, ). (63)

There are three scalar singlets under SO (3) symmetry gen-
erated by gauge generators Xy ny, M, N = 1,2,3. These
singlets correspond to the following non-compact generators
of SL(5)

Y1 = 2e1,1 +2e22 + 2e33 — 3es4 — 3es s,

Yy = €45 + €54,

Y3 =e44 —es55. (64)

@ Springer
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Using the parametrization of the coset representative

VY = e¢1?1 +¢2f’2+¢3?3’ (65)

we obtain the scalar potential

2
V= —§—4[3e—8¢1 1 621 [(i + o) cosh 26 cosh 2¢3
+(k — o) sinh 2¢3]
1
+Ze12‘7" k% + 10ko + 02 — (3/(2 —2k0 + 302)

x cosh4¢z — (k + 0)2 cosh4¢, (1 4 cosh4¢z)
—4(k* — 62) cosh 2¢, sinh 4¢3]]. (66)

This potential admits two Ad S7 critical pointfork = o =
1. The first one is at ¢ = ¢» = ¢3 = 0 corresponding to
the N = 4 supersymmetric AdS; with SO(5) symmetry.
Another critical point is non-supersymmetric and given by

1 1
=—In2, ¢ =-In2,
o1 o m (03] 710

Sg2

16 x 22/5°
It should also be noted that for ¢» = 5S¢, the residual sym-
metry is enhanced to SO (4). As a check, we can compute all
scalar masses at this critical point. The result is

¢3=0, VW= (67)

11
2543
m*L? = (12,044, —1249), L = 3 (68)
8
which contains the value m2L? that violates the BF bound
m2L? = —9. Therefore, this critical point is unstable as

already shown in [27]. The four Goldstone bosons corre-
sponding to the broken generators X 4 — X45,a = 1,2,3
and Xy4s.

Using the same procedure as in the previous cases, we find
the following BPS equation

A = %6_4‘1’1 [3 + ' [(k + o) cosh 2¢ cosh 2¢3

+(k — o) sinh 2¢3]], (69)
) = %6—4451 [2 — e'%1[(k + o) cosh 2¢h> cosh 2¢3

—(k — o) sinh 2¢3]], (70)
¢ = —%e&’" (k + o) sinh 2¢, sech2¢s3, (71)

Py = —%ew" [(k — o) cosh 2¢3
+(k 4+ o) cosh 2¢;, sinh 2¢3] . (72)

To find explicit solutions, it is useful to separately discuss
various possible values of ¥ and o.

3.3.1 Domain walls in CSO(3, 0, 2) gauge group

We begin with the simplest case for o0 = ¥ = 0 correspond-
ing to a non-semisimple CSO(3, 0, 2) gauge group. In this

@ Springer

case, we find ¢} = ¢} = 0. Furthermore, it can be checked
that gTVz = 3% = 0 at ¢» = ¢p3 = 0. Therefore, scalars ¢,
and ¢3 can be consistently truncated out.

After setting ¢» = ¢3 = 0, we find a domain wall solution

qjl:iln[gs—r—i—c] and Azgln[%—kc]. (73)

3.3.2 Domain walls in CSO(4,0,1) and CSO3,1, 1)
gauge groups

Forx = O0and o # 0, the gauge group is either CSO (4, 0, 1)
orCSO(3, 1, 1)depending on the valueof o0 = loro = —1.
Using a new radial coordinate p defined by dp %1 a

dr
domain wall solution to the BPS equations can be found
L |80 +(C2—8)?
pr= | 2T (74)
4 g2p*+C5
1 2¢2 _ pAP2+C3 G4
g3 =i | St (75)
4 202 1 pA+Cs _ pC3 _ ]
1 2(e€1 — 2101 _ )
¢$1=—In .
10 U\/(€4¢2 _ 1)(1 + 2¢C3 +62C3 _e4¢2+2C3)
(76)
A= —¢; —Ine*? — 1) + (e — T — 1), (77)

3.3.3 Domain walls in SO (4, 1) gauge group

In this case, 0 = —« = 1, we find that ¢§ = 0. It can also
be checked that ¢ can be consistently truncated out. Note
also that the corresponding non-compact generator Y5 is one
of the non-compact generators of SO (4, 1), namely X4s5. ¢
is then identified with a Goldstone boson of the symmetry
breaking SO (4, 1) - SO (4) — SO(3) at the vacuum.

Taking ¢» = 0 and redefining the radial coordinate » to p
via Z—‘r’ = ¢%1, we obtain a domain wall solution

e*” = tan [% + C3] , (78)
! ! 493
?1 =—§¢3+EIH[C1(1+€ ) — 1], (79)

1 1
A=<¢y—gIn(l+ ¢*3)

+23—01n[c1<1 ety 1, (80)

3.3.4 Domain walls in SO (5) and SO (3, 2) gauge groups

We now look at the last possibility k = o = =£1 correspond-
ing to SO(5) and SO (3, 2) gauge groups. In term of the new
radial coordinate p as defined in the previous cases, we find
a domain wall solution
1
-1

1 + e89P 4 4g80P+2C3 _ Ze%g(’/’
¢ = ,
4 1 + ¢899 4 4egop+2C3 4 ze%g(fp

(81)
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1 292 4 o42+C3 _ ,Cs
¢3=7In [e2¢2 T Y 603] ; (82)
¢ = 1—101n[a[1 + Ci(e*? — 1))
VeB0+2Cs | 20 _ phdr _ 26424203 ], (83)
A=—¢1+ %ln(e“"’z -D- %m[l +Ci(e* - 1)].
(84)

3.4 SO(2) x SO(2) symmetric domain walls

We consider another truncation to SO (2) x SO(2) invariant
scalars corresponding to SL(5) non-compact generators

Y1 = el + e — 2ess, (85)
Y2 = e33 + eqq — 2ess. (86)
In this case, the embedding tensor takes the form of

Yun = diag(l, 1,0, 0, k) (87)

which encodes various possible gauge groups depending on
the values of o and «. These gauge groups are SO(5) (o0 =
k =1),504,1)(c = -« =1),50@3,2) (0 = —« =
—-1),CS04,0,1) (c =1,k =0)and CS0O(2,2,1) (0 =
-1,k =0).

With the parametrization of the coset representative

- e¢1?1+¢2f/2, (88)

we find the scalar potential

V= _%g2€—2(¢1+¢2)[80 21061 42)
+aic (e*11092 4 g OOt (89)

For SO(5) gauge group, there are two Ad Sy critical points
atp; = ¢ =0and ¢ = ¢ = % In 2. The former is, as in
other cases, the N = 4 supersymmetric one while the latter
is a non-supersymmetric critical point. Note also that this
non-supersymmetric AdS;7 has SO (4) symmetry since the
SO (2) x SO(2) symmetry is enhanced to S O (4) when ¢ =
¢». This critical point is unstable as previously mentioned.
The BPS equations in this case read

A = %[%—2@ +20e7 2 4 et @), (90)
¢) = 2%[36_2‘7" — ket 010 _ 95202, oD
¢ = 2‘%[3%—24’2 — 27291 _ et 92)

Defining a new radial coordinate p by Z—’r’ = e %% we find
a domain wall solution

30001 Y
¢2——5¢1—Zln[:<—xe f]. (93)

o1 :—%IH[K ieC! 2]—%1n[o—aec2_2]
o4
= % + 11—01n [1 — ec'f%] + %ln [1 - eCr%].
95)

3.5 Uplift to eleven dimensions and holographic RG flows

For SO(5) gauge group, the seven-dimensional gauged
supergravity can be obtained from a consistent truncation
of eleven-dimensional supergravity on S*. Therefore, the
domain wall solutions obtained previously can be uplifted to
solutions of eleven-dimensional supergravity. Furthermore,
these solutions are asymptotic to the N = 4 supersymmet-
ric AdS7 vacuum corresponding to N = (2, 0) SCFT in six
dimensions. According to the AdS/CFT correspondence, the
domain walls can then be interpreted as holographic RG flows
from six-dimensional N = (2, 0) SCFT to non-conformal
field theories in the IR, see for example [35,36]. We will
consider this type of solutions including the uplift to eleven
dimensions.

3.5.1 RG flow preserving SO (4) symmetry

We first consider a simple solution with SO (4) symmetry.
For SO (5) gauge group, the domain wall solution reads

1 1_6%(C—80)
- | —S |, 96
¢=3 1 + e3(C—sp) o)
_ ! 106
A_2¢—Zln<1—e ) 97)

with % = ¢,
As p — oo, wefind 9 — 0and p ~ r with an asymptotic

behavior

4r

_1 _4r
¢p~e 28 ~e” T and

A~§gr~—, L=- (98)

which indicates that the solution approaches the supersym-
metric N = 4 AdS; critical point. The scalar ¢ is dual to
an operator of dimension A = 4. Indeed, all scalars of the
N = 4 gauged supergravity are dual to operators of dimen-
sion four since they have the same mass with m?L? = —8.

As gp — C, the solution is singular with the following
behavior

1 2
¢~ 3 In(go —C) and A ~2¢ ~ 3 In(gp — C). (99)
We can now check that the scalar potential is bounded above

with V. — —oo as ¢ — —oo. This implies that the singu-
larity is physically acceptable according to the criterion of
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[37]. In addition, we can use the truncation ansatz, reviewed
in the appendix, to uplift this solution to eleven dimensions.
With the parametrization of the SL(5)/SO(5) coset

Muyn = diag(e™3?, %, 2, &2 2?) (100)
and the coordinates on S*
uM = (u0 uh = (cos&, singp’), i=1,2,3,4 (101)

with /1’ being coordinates on S satisfying /i’ i/ = 1, we find
the eleven-dimensional metric and four-form field strength
tensor

16
5} = AS(PAdxl s +dr?) + — A7 [e™ sin €48
: g

+e?? (cos” EdE” + sin® £dQ) )], (102)

Fuy = ZEA26in £ (U sin£dE — 10699 cos &d
@ = p sin® £(U sin £d& e’ P cos&dr) N €3y
(103)

with d Qé) being the metric on a unit §3 and

A =8 cos?E + e sin’ &,
! nEdnd ~k Al
€3) = 3 ikl dipd Adp* Adp',

U = ('% — 4659) cos? & — (% + 2¢7*?)sin® €. (104)

We see that the internal $* is deformed in such a way that an
S3 inside the % is unchanged. The isometry of this $3 is the
S O (4) residual symmetry of the seven-dimensional solution.

With the uplifted solution, we can look at the behavior of
the metric component gop = ¢2A A7 near the IR singularity.
A straightforward computation gives

. 10
goo~e3? >0 (105)

which means the singularity is physical according to the cri-
terion given in [38]. This solution then describes an RG flow
from six-dimensional N = (2, 0) SCFT to a non-conformal
field theory in the IR. With the appearance of the normal-
izable mode in (98), the flow is driven by a vacuum expec-
tation value of an operator of dimension A = 4 that breaks
conformal symmetry and preserves only SO (4) C SO(5) R-
symmetry. It should be noted that this holographic RG flow
has also been studied in [39] in the context of a truncation to
half-maximal N = 2 gauged supergravity.

3.5.2 RG flow preserving SO (3) x SO(2) symmetry
In this case, the flow solution reads
1 | — e 2(ep=0)
¢p=—-In| —— |, (106)
5 14+ e 200
3
2

A=Z¢— iln(l — 109, (107)
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ih 4P — 9
w1thdr =e?.
As r — oo, we find

4r

p~e T (108)

as in the previous case. As gp — C, the solution becomes

1 3 3
~ -1 — d A~=-¢p~—1 - O).
¢ ~ 5ln(gp —C) an 79~ 1o In(er = ©)
(109)
Near the singularity, we find that the scalar potential is
bounded above V — —oo.

The uplifted solution can be obtained by using the S*
coordinates

M

u = (sin&a?, cosé cosa, cosé sina), a=1,2,3
(110)

with 1% = 1 and the scalar matrix

Myn = diag(e4¢,e4¢,e4¢,e_6¢,e_6¢). (111)

We find the eleven-dimensional solution
16
5% = A3 (PAdxls +dr?) + ?[e—ﬁd’ cos? Eda’

+ (e* cos? & + 7% sin? £)dE>

+ e* sin? £d1%d p%, (112)
- 64 .3 —2/
Fu4y = z—=Usin" § cos§ A" “(sin&d&

3g3

+26*? cosE¢/dr) Ada A € (113)
where

1 A R
€@) = SCapclt"dit” A dji”. (114)

We can see that the unbroken SO(3) x SO(2) symme-
try corresponds to the isometry of the S2, with the metric
d Q%z) = d{1°di*, inside the S* and the isometry of the S'
parametrized by the coordinate «.

From the eleven-dimensional metric, we find
A 5
g0 ~ €3 — 0. (115)

The singularity is accordingly physical [38], and the full solu-
tion describes an RG flow from N = (2, 0) SCFT to a non-
conformal field theory with SO (3) x SO(2) symmetry.

3.5.3 RG flow preserving SO (2) x SO(2) symmetry

The flow solution is given by

1 1 .
¢1 = —5Indl —eclf%)—glnm — 2Ty, (116)

3 1
¢ =—3¢1 — 7 In(l ) (117)

&

1 1 p 1 o
A=— —In(1 —e“1"7) 4+ —In(1 — 72
8gp+20 n(l —e )+10 n(l —e )
(118)
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with 2 = ¢=201,
We can perform an uplift by using

Muyn = diag(e_4(¢1+¢2), 2P 201 2 62¢2)’
uM = (cosé&, sin & cos ¥ cosa, sin & cos ¥ sin «,

sin & sin ¥ cos B, sin & sin ¥ sin ).

The corresponding eleven-dimensional metric is given by

(119)

d§? = A3 (PAdx? 5+ dr?)
120 A3 (e torten) in? g2
g

+¢%?1 (cos? £ cos? YdE? + sin” & sin® Ydy?
+ sin? & cos? wdoe2

—2cosé& cos Y sin & sin ydédyr)

+e%92 (cos? & sin® YdE?

+ cos? ¥ sin? Ed? + sin® & sin® Y dp?

+2cosé& cos i siné sin yrdédyr)) (120)
where
A = * P19 052 £ 07291 gin? £ cos” ¥
+e7 292 5in” £ sin® . 121)

The four-form field strength is much more complicated than
the previous cases. We refrain from giving its explicit form
here. The unbroken symmetry SO (2) x SO(2) corresponds
to the isometry of S' x S! parametrized by coordinates o
and S.

As r — o0, the solution becomes

4
p1~¢p~e L

which again implies that ¢; and ¢, are dual to operators of
dimension A = 4 in the dual N = (2, 0) SCFT. There are
two possibilities for the IR behaviors.

As gp — 2C1, we have

(122)

1
$1 ~ 2 ~ — 15 In(gp —2C), (123)

1 1
A=—=¢; ~ —1 —2CY). 124
2¢1 20 n(gp 1) (124)

Near the singularity, the scalar potential is unbounded above
V — oo. The eleven-dimensional metric gives

N 5

800 ~ €3% — oo. (125)

This singularity is then unphysical.

As gp — 2C», we have

1

¢~ ~3 In(gp —2C), (126)
3 5 In( 2Cy) (127)

(05) 2(251 1o Mgp 2),
1 1

A~—=¢p~—1 —2Cy). 128
561~ 1o Iner 2) (128)

Near the singularity, we find V — —oo and

800 ~ constant. (129)

In this case, the singularity is physical, and the solution
describes an RG flow from N = (2,0) SCFT to a non-
conformal field theory in the IR with SO (2) x SO(2) sym-
metry.

3.5.4 RG flow preserving SO (3) symmetry

In this case, the solution is more complicated. We will con-
sider only a truncation of the full solution here. Making a
consistent truncation by setting ¢3 = 0, we obtain a simple
solution to the truncated BPS equations

1 1 3
A= 22— JIn(l =) + Sl + Co(e™ — D),
(130)
1 1 4¢p
91 = 2+ 15 Il + Cr(e* — 1), (131
1
1 1— >(C—gp)
¢ = ~In e,— (132)
2 1+e§(c_gp)

with 92 = (691,
Near the AdS7 critical point in the UV as r — oo, we
find, as in the previous cases,

4r

o1~ ¢p~e L, (133)

and, near the IR singularity as go — C, the solution becomes

1

¢ ~ 3 In(gp — C), (134)

1 1
~ gy~ ——1 — 1

b1 5¢2 10 n(go — C), (135)
1 1

A~ =gy~ —1 —0). 136
5¢2 0 n(gp ) (136)

In this case, the scalar potential diverges near the singular-
ity V. — o0, and the component of the eleven-dimensional
metric gives

. _2
800 ~ e 3% > 0. (137)

The singularity is then unphysical, and we will not give the
corresponding eleven-dimensional solution in this case. It
can be verified that a truncation with ¢» = 0 also gives
similar result.

It should also be noted that in all of the above RG flows,
there are only deformations by vacuum expectation values
of the operators in agreement with the field theory results on
the absence of deformations by turning on scalar operators
corresponding, in the present case, to a non-normalizable

mode e’zfr, see [40] for example.
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3.6 Uplifted solutions to type IIA supergravity

We now consider the uplift of the domain wall solutions in
CS0(4,0, 1) gauge group to type IIA theory [31]. Relevant
parts of the truncation ansatz are reviewed in the appendix.

We first decompose the SL(5)/SO(5) coset in term of the
SL(4)/SO(4) submanifold via

V = bit' Petoto (138)

where V is the coset representative of SL(4)/SO4) C
SL(5)/SO(5) coset. ty and tl correspond to the SO(1, 1)
and four nilpotent generators in the decomposition SL(5) —
SL(4)xSO(1, 1), respectively. With the coset representative
(138), the scalar matrix M sy takes the form of

=200 A - 8¢0p.b . 8%0p.
_ (€ ijte iDj e i
MMN — ( 68¢0bj 68¢0 > (139)
with M = VYT, Relations between seven-dimensional

fields and ten-dimensional ones are given in the appendix.

In all of the solutions considered here, we have b; = x; =
0, so only the ten-dimensional metric, dilaton and three-form
field strength are non-vanishing. The resulting solutions then,
as expected for domain walls in seven dimensions, describe
NS5-branes in the transverse space with different symme-
tries.

3.6.1 Solution with SO (4) symmetry
In this case, we simply have /ﬁij = §;j and

16
5%y = 30 (A dxl s+ drt) + e 3dQY,
g’

A 128 R
Fi) = o 9= S5¢0. (140)
The solutions for ¢9 and A are given by
o= - 1n [ +C] d A=1 [gr+c] (141)
= — n =In|— .
°=2 "0 : 10

These are obtained from solving the BPS equations in (48)
and (49) by renaming ¢ to ¢ and setting « = 0. We identify
the resulting ten-dimensional solution with the “near hori-
zon” geometry of NS5-branes in the transverse space R*.

3.6.2 Solution with SO (3) symmetry

In this case, we parametrize the SL(4)/SO(4) coset using
M;; = diag(e??, e, &, e=%). (142)

Solutions for scalars ¢g and ¢ can be obtained from the
SO (3) symmetric domain wall given in section 3.3 by setting
¢> = 0 and using the relations

1 1
$o=—7,03¢1+¢3) and ¢=_(¢1 —¢3). (143)
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With ¥ = 0 and o = 1, the domain wall solution is given by

1 3
A= <¢3+55In(Cr + e3),

(144)
1
1 =——¢3+Eln<cl+e4¢3> (145)
349 %
20C3r = 5659 ,F — ). 146
gCsr e 2 1(5 55 C1> (146)

In this solution, 7 F is the hypergeometric function.
We now choose a specific form of the S3 coordinates

W= (sin£f% cos&), a=1,2,3 (147)

with 1% being the coordinates on S subject to the condition
%04 = 1. With all these, we find the ten-dimensional fields

s}, = e%q’OA%(eZAdxzs +dr?)
16
_|__2€ 2¢0A 4[(e smzé + e COSZS)déz
8

+sin? £e2dpd i), € = A% (148)

Fay = Z—jA—z sin® £(U sin £d€ + 8¢* cos £¢dr) A €
(149)
in which
A =% cos’ £ + ¢ sin’ g, e(z)zéeabcﬁadﬂb ANdaS,
¢ sin” £ —e*® (sin 43 cos® £).
(150)

U =¢? coszé —e 4

The unbroken SO (3) symmetry corresponds to the isometry
of 2 C §°.

3.6.3 Solution with SO (2) x SO(2) symmetry

For SO (2) x SO (2) symmetric solutions, we use the follow-
ing parametrization of SL(4)/S O (4) coset
M;; = diag(e??, ¥, 729, e729), (151)

In this case, the solutions for ¢g and ¢ can be obtained from
the BPS equations given in Sect. 3.4 by settingo = 1,k =0
and using the relations

1 1
$o = —5(¢1 +¢2) and ¢ = §(¢1 — $2). (152)

The resulting seven-dimensional domain wall is given by

1 1
A= _—gp+ —ln(Cl +e180),

153

20 (153)
1 3

¢1=Cr— 08P + S ln(Cl + ezgp) (154)
3

¢ =Cr+ 08P~ —1H(C1 + e280) (155)

s 4o =24
with - =e .
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Choosing the coordinates on S to be

,ui = (cos& cosa, cos & sinc, sin & cos B, sin & sin ),
(156)

we find
d§120 = A%e%%(ez"‘dxis +dr?)

16 _:
+—2A7%e*%¢0[(62¢ sin® & + e 2% cos? £)dE?
8

+¢%? cos? Eda® + e sin® £d B2, (157)
o2 — A~1e1000
. 128 _
F3)y = —5A""cosésinéda Ad§ N dp (158)
g
with
A =e 2 cos® & + ¢ sin’&. (159)

In this case, the SO(2) x SO (2) symmetry corresponds to
the isometry of S' x §! parametrized by coordinates o and

B.

4 Supersymmetric domain walls from gaugings in 40
representation

In this section, we consider gaugings with the embedding ten-
sor in 40 representation [31]. Setting Y)sy = 0, the quadratic
constraint reads

ZRS,NZTU,P =0.

€MRSTU (160)

This condition can be solved by the following tensor

gMN.P _ [M, NP (161)
with wMY = wMN) The SL(5) symmetry can be used to
fix vM = 8?’1. It is useful to split the index M = (i, 5).

If, in addition, we set w> = w!> = 0, the remaining
SL(4) symmetry, under which the vector v¥ = (Sg” is invari-
ant, can be used to diagonalize w'/. Accordingly, w'/ can be
written as

w' = diag(1,...,1,—1,...,—1,0,...,0). (162)
P ee—
p q r
The resulting gauge generators take the form of
Xiji' = 2¢ijgmw™ (163)

which gives rise to CSO (p, g, r) gauge group with p +¢q +
r=4.

In these gaugings, following [31], it is convenient to
parametrize the SL(5)/SO(5) coset representative in term
of SL(4)/S0O(4) submanifold as given in (139). After set-
ting Yy = 0 and using the inverse matrix MMV of the

form,

MMV _ 200 Afii 20 pi
T\ —e?0p) ¢80 4 2P0y bk

with ./\7’7 being the inverse of ﬂi j and b= Mij bj,we can
rewrite the scalar Lagrangian as

(164)

1. ~ ~..
e Lcatar = —80,.00" ¢ + gaﬂMijauMlj

1 ~
—Zelofl’OM'faMb,-a“bj -V (165)
in which the scalar potential is given by
g v
V = Ze”‘p“biw”./\/ljkwklb[
2
+ 5P M Mg - Myu)h. (166)

It should be noted that the nilpotent scalars b; appear quadrat-
ically in the Lagrangian, so setting them to zero is a mani-
festly consistent truncation.

4.1 SO (4) symmetric domain walls

We firstly consider domain walls with the largest possible
unbroken symmetry, SO4) C CSO(p,q,4 — p —q). The
only gauge group containing SO (4) as a subgroup is SO (4).

The embedding tensor is simply w”/ = 8/, and there are
no SO (4) singlet scalars from SL(4)/SO(4). We then take
the coset representative to be V = 1. The scalar potential
takes a particularly simple form

V = —2g%%0. (167)

The Killing spinor still takes the fom (50), but unlike the pre-
vious cases, the appropriate projector for this type of gaug-
ings is given by

(Ts5)"peg = —yrel- (168)

The appearance of I'> rather than other ' with A =
1,2,3,4 is due to the specific form of oM = 5?’1 in the
embedding tensor ZMN-P

It is now straightforward to derive the corresponding BPS
equations

2
Al = ?ge*wf), (169)
&) = ge*%. (170)
We can readily find the solution
do= 1|2 ¢ (171)
= —-n| — .
7275
2gr
A=1In = +CJ. (172)
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4.2 S0 (3) symmetric domain walls

We now look for more complicated solutions with SO (3)
symmetry. Gauge groups with an SO(3) subgroup are
SO4), SO(3,1) and CSO (3,0, 1). We describe them all
at once by taking the symmetric matrix w’/ in the form

w' = diag(1, 1, 1, «) (173)

with k = 1, —1, 0, respectively.

For simplicity, we truncate scalars b; out and consider only
¢o and SL(4)/SO(4) scalars. With an explicit form of the
SL(4)/S0O(4) coset representative

Y = diag(e?, e?, ¢?, e39), (174)
we obtain the scalar potential

2
V= —%e—“(‘f’f’“@ (3¢'6? 4 6xce®® + i2). (175)

Using the projector in (168), we can derive the following set
of BPS equations

A = 1% e~200+30) (389 | ) (176)
& = 28;0 e~200+30) (389 | ) (177)
¢ =— % ¢~200+30) (89 _ ). (178)
The solutions for A and ¢ are given by
A=2—Lme o (179)
= — — —In —
5 5 e K),
B0 = 26— —In(e™ — ) + C (180)
=—-¢——In — .
0=5% 70 TR0
The solution for ¢ (r) is given by
5 2
p=—1chn |:§(e_2c"gr - C)] (181)
fork = 0 and
4gric(ed? — k)5 = 5e2C+%9 [4 —3(1 — keb)s
149
Fi|=, =, = ke 182
X21(555K6>:| (182)

for k = +1.

4.3 SO((2) x SO(2) symmetric domain walls

Possible domain wall solutions with SO (2) x S O (2) symme-
try can be obtained from SO (4) and SO (2, 2) gauge groups.
These gauge groups are described by the component of the
embedding tensor in the form of

w' = diag(1, 1,0,0), o ==%l. (183)
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With the parametrization for the SL(4)/SO(4) coset repre-

sentative
Y = diag(e?, e?, e ?, e ?), (184)

the scalar potential and the BPS equations are given by

V = —2g%ce 4% (185)
and

A = ége_2¢°_2¢(64¢ +0), (186)
¢ = %Oge’z“‘“’z"’(e“q’ +0). (187)
¢ = %ge‘z"’o—w(e“‘i’ —0). (188)

The domain wall solution can be straightforwardly obtained

A = 2¢y, (189)
¢ ld) 11(4¢ )+ C (190)
=—¢——InE"’—-o
0 5 10 0,
1
6gro(e*? — 0)% = 502C0+5¢ |:3 -2 (1 - ae4¢)5
138

Fil= 2, =, 0e*)|. 191
X 2 1<5 53 oe )] (191)

4.4 SO(2) symmetric domain walls

As a final example for domain wall solutions from gaugings
in 40 representation, we consider SO (2) symmetric solu-
tions. We again truncate out scalar fields b; and parametrize
the SL(4)/S O (4) coset representative as

P = P1V1+d2Y2+¢373 (192)

inwhich ¥;,i = 1, 2, 3 are non-compact generators commut-
ing with the SO (2) symmetry generated by X 1». The explicit
form of these generators is given by

Y1 =e11 +exn —e33 — e, (193)
Y, = e34 + eus, (194)
Y3 = e33 — eqq. (195)

There are many gauge groups admitting an S O (2) subgroup.
They are uniformly characterized by the following compo-
nent of the embedding tensor

w' = diag(1, 1, 0, k). (196)

The scalar potential is computed to be

2
V= _i’_6 ¢4 P01 [ AN 20 _
+(k + o) cosh 2¢,]

—lk — 0 + (k 4+ o) cosh 2¢]* — 8e*P11643
X[k — o0 — (k + o) cosh 2¢»]
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+e*3 (k2 + 10ko + 02 — (k + 0)% cosh4¢]

+e83 [k — o — (kc + o) cosh 2¢n]?]. (197)

It should be noted that the scalar potential for CSO (2, 0, 2)
gauge group with ¢ = « = 0 vanish identically. This leads
to a Minkowski vacuum.

In this case, the BPS equations are much more complicated
than those obtiained in the previous cases

1
A= 1—0ge*2(¢0+¢")[2e4¢1 — (k — o) sinh 2¢3

+(k 4+ o) cosh 2¢3 cosh 2¢,], (198)
b0 = 2—10 ge 2PN _ (i — o) sinh 263

+(k + o) cosh 2¢; cosh 2¢3], (199)
o) = —%ge_2(¢°+¢l)[264¢‘ + (k — o) sinh 2¢3

—(k + o) cosh 2¢, cosh 2¢3], (200)
P = —%ge_2(¢°+¢l)(lc + o) sinh 2¢ sech 2¢3, (201)
P = %ge*2<¢0+¢1>[(;c — o) cosh 2¢3

—(k 4 o) cosh 2¢, sinh 2¢3]. (202)

We are not able to completely solve these equations for arbi-
trary values of the parameters « and o . However, the solutions
can be separately found for various values of ¥ and o.

4.4.1 Domain walls from CSO (2,0, 2) gauge group

The simplest case is CSO (2, 0, 2) gauge group correspond-
ing to 0 = « = 0. In this case, ¢) = ¢; = 0 and the
remaining BPS equations simplify considerably
1 1
A = = —2¢0+¢1, I —2¢o+¢17
58¢ %0 = 1p8¢
1

‘f’i = —586

Scalars ¢, and ¢3 can be consistently truncated out, and the
solution for the remaining fields can be readily found

—2¢0+¢1 (203)

1 1
A:—— s = —— C s
5¢>1 on) 5¢>1+ 0

5 6
b1 = -5 In [g(e_zcogr - C)} . (204)
4.4.2 Domain walls from SO (3, 1) gauge group
In this case, 0 = —«k = 1, and the BPS equations give

¢5 = 0. Similar to the previous case, ¢ does not appear in
any BPS equations. After truncating out ¢, we find a domain
wall solution

b1 = %¢3 - %ln[l + Ci(1 + '), (205)

b0 = Cot —ds — —In(1 +¢*)
107710

1
5 1+ Ci(1 + ey, (206)
1
¢3 = 5 Intan(Cs — gp), (207)
A = 2¢y (208)

with p defined by 92 = ¢=260=2¢1,

4.4.3 Domain walls from CSO(3,0,1) and CSO(2, 1, 1)
gauge groups

In this case, we set « = 0 and 0 = =1 corresponding
CS0(@3,0,1)and CSO(2, 1, 1) gauge groups, respectively.
All scalar fields are now non-vanishing. The domain wall
solution is given by

A— 20, (209)
1Tl
— ~Inl= Co — 2 2 4C
$o =35 n[4gp( 0—gpTe
—4g4C1+C3g2,02 _ 4€4C1+2C3g2p2)], (210)
1
¢1=C1—5¢p — 7 In(1 — ')
1
+7 Il + 2063 4 263 — 2C3TA0 @11
5y = D[40+ D24 (420222 212)
2= 3 4€2C3 1 (1 4 2¢C3)2g2p2
1 202 1)(1 + €C3  £C3H202
gy = L[ DAF e e ) @13)
4 1+ €03 + e202 — eCrtit

with Z—’r) = ¢~2¢0=241_[n this solution, we have shifted the
coordinate p to p + g% with C being an integration constant
in ¢, solution.

4.4.4 Domain walls from SO (4) and SO (2, 2) gauge
groups

In this case, we set k = 0 = %1 corresponding to SO (4)
and SO(2, 2) gauge groups. The domain wall solution can
be found as in the previous case

A = 240, (214)
1
d0 = Co+ 5 In[l +4¢7 — 7267
+i(4a+ezoc] + 4620C142C3y
40
_ 7 ,20C1-20p (1 64(C3+80p)
160° (10¢
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1
¢ =5C| — 3 In(1 — &*%?)
1

+Z ln[62C3 _ e4¢2 _ 26‘2C3+4¢2 + 62C3+8¢2], (216)
1 1 — 2e8°P 2gop 4 2C3+2gop

¢ = —1In er T e A de ’ 217)
4 1+ 2e89° + e280p + 42C3+2g0p
1 e202 4 oC3tddr _ ,C3

¢3=71n [ 202 1 o0 _ ec3+4¢2] (218)

ith 42 — o—2¢0-2¢1
with - =e .

5 Supersymmetric domain walls from gaugings in 15
and 40 representations

We now consider gaugings with both components of the

embedding tensor in 15 and 40 representations non-vanishing.

Following [31], we will choose a particular basis such that
nonvanishing components of the embedding tensor are given
by

Yoy, Z*P =z*@h  zoby (219)
in which the ranges of indices are givenby x =1, ..., ¢ and
a=t+1,...,5fort =rankYy . We will also choose Y,
in the form
Yyy =diag(l,...,1,—-1,...,=1) (220)
——
p q

with p+¢g = t. Tensors Yy, 7~%B and Z*P7 need to satisfy
the quadratic constraint which is explicitly given by

Yay Z*%P 4 26, yunpozMN*Z2PCF = 0. (221)

We will look for domain wall solutions in SO (2, 1) x R* and
SO (2) x R* gauge groups. The corresponding embedding
tensors for these gauge groups have already been given in
[31]. We also emphasize that in the case of gaugings in 15
and 40 representations, domain walls are %—BPS, preserv-
ing only eight supercharges. All gaugings in this case can
be obtained from Scherk—Schwarz reduction of the maximal
gauged supergravity in eight dimensions.

5.1 1-BPS domain wall from SO(2, 1) x R* gauge group

We begin with the ¢+ = 3 case in which Yy, can be cho-
sen to be diag(1, 1, 1) [31]. The component Z%/-¥ of the
embedding tensor is not constrained by the quadratic con-
straint. Accordingly, Z%*¥ does not affect the form of the
gauge algebra and can be parametrized by an arbitrary two-
component vector v¥ as Z7 = ¢*FyY . For simplicity, we
will set v* = 0. On the other hand, the quadratic constraint
imposes the following condition on Z*%#

@ Springer

! 1
nyZZ)a,ye)/B ZzS,ﬂ = nguzua,ﬂ

(222)
which implies that the 2 x 2 matrices (X* )aﬂ = —16€yy ZxvB
satisfy the algebra

[Z¥, £7] = 29"y, X4, (223)

In terms of ¥*, Z**# component of the embedding tensor
takes the form

1
Z¥eB — _EG“V(EX)V/? (224)
Aspointed outin [31], areal, nonvanishing solution for Z** B
is possible only for Yy, generating a non-compact SO (2, 1)
group. In this case, we take Yy, = diag(1, 1, —1) and choose
the explicit form for X* in terms of Pauli matrices as follow

sl=0, 22=03, X =ion. (225)
The corresponding gauge generators are given by
z(42Y).Y »p
XMN — A (t ))C | Qx p (226)
02x3  5A%(E%)a

with A* € R. It should be noted that the SO (2, 1) subgroup is
embedded diagonally. The nilpotent generators Q
form as 4 under SO (2, 1) and are obtained from projecting
the tensor product 3 ® 2 = 2 + 4 to representation 4. The
resulting gauge group is then given by SO (2, 1) x R*.

We will consider solutions that are invariant under the
maximal compact subgroup SO (2) C SO (2, 1). Among the
fourteen scalars in SL(5)/SO(5) coset, there are four sin-
glets corresponding to the following non-compact generators

Y1 =2e1,1 +2e22 +2e33 — 3e44 — 3es5,
Y, =e11 +exn—2e33,
Y3 =ej4+ers+esq+esp,

Ys=e15—er4—e42+es1. (227)
With the SL(5)/S O (5) coset representative
V= e¢oY1+¢|Y2+¢2Y3+¢3Y4’ (228)
we obtain the scalar potential

2
V= §—4e—2<4¢0—¢1) [6 cosh 2¢h cosh 2¢3 + €%91] (229)

which does not admit any critical points.

Contrary to the previous cases, finding the BPS equations
in this case requires two projection conditions on the Killing
spinors. In more detail, A; and A, tensors consist of two
parts, one from Y,y and the other from Z MN.P The latter
comes with an extra SO(5) gamma matrices I'4 while the
former does not. To obtain a consistent set of BPS equations,
we impose the following projectors

yred = —(T3) e = €8 (230)
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which reduce the number of supersymmetry to ‘—11 of the orig-
inal amount or eight supercharges.

Following the same procedure as in the previous cases, we
obtain the BPS equations

A = %872(2¢0+¢1) (3 cosh 2¢ cosh 2¢3 — €%1),  (231)
b = 2:i;oe*z@"’w”(1SSech2<1>QSech2¢3

—3 cosh 2¢ cosh 23 — 4¢591), (232)
¢ = %e‘z("’”d")(3sech2¢zsech2¢3

+3 cosh 2¢ cosh 2¢3 + 4¢591), (233)
Py = — i—ie*2(2¢0+¢1> sinh 2¢sech2¢3, (234)
Py = — i—‘ze—w¢0+¢l> cosh 2¢ sinh 2¢3. (235)

Introducing a new radial coordinate p via 92 = e~4%0=2¢1,
we can find a domain wall solution to these equations

2
$o = Co + E(e‘w‘ —3)In(l — *2)

_i ln(e2C3 — M2y 82205 _ 2e4¢2+2C3)

424/ 6492 — 02C3 _ g82+2Cs 2e4¢2+2C3>

1
+o In(l + &4y, (236)
é1 = C; —5¢p — In(1 — €*®?) + In(1 + &%), (237)
1 14 46205 _ 00380 1 o35
b = ~In +4e ez -‘1-ez ’ (238)
4 1 +4¢%C3 + 288 4 ¢38P
1 22 _ oC3 oL A2 +Cs
¢ = 4 In |:82¢2 + eC3 — 42 +Cs ] ’ (239)
1
A= —( —3)In(1 — &*)
15
+ L (20 _ i 4 20488 _ 20t
10
,%66@ In (2\/3‘“1’2 0203 _ o86242C5 1 2g2C3 402 4 oA + 1) )
(240)

5.2 JT-BPS domain wall from SO (2) x R* gauge group

In this case, we have ¢+ = 2 and Yiy = Sxy, x,y = 1,2
The quadratic constraint allows only the component Z%#¥
to be non-vanishing. This component can be parametrized by
a3 x 3 traceless matrix Zaﬁ, with Z,% =0, as

1
VALSEE ge‘)‘ﬂ‘sz(;”. (241)
The corresponding gauge generators read
A O ﬁ>
XV =" = 242
M (03><2 AZoP (242)

with A € R. t,Y = ioy generates the compact SO (2) sub-
group, and Q% € R in general generate six translations
RO resulting in SO(2) x R® gauge group. As pointed out
in [31], the number of independent translations is reduced if
there exist non-trivial solutions for Q satisfying

tQ—0Z=0. (243)
We will consider the compact case with TrZ2 = —2. In this
case, the gauged supergravity admits a half-supersymmetric
(N = 2) Minkowski vacuum, and the gauge group is reduced
to SO(2) x R* ~ CS0(2,0,2). The A tensor, related to
the gravitino mass matrix, is given by

1
A = _%e—&f’o cosh(2¢2) cosh(2¢3) (885 — 848%) (244)

which has only two zero eigenvalues indicating the super-
symmetry breaking N =4 — N = 2.
For definiteness, we take an explicit form of Z.P to be

00 0
00 -1
01 0

ZoP = (245)

There are four SO (2) singlet scalars corresponding to the
following SL(5) non-compact generators

Y1 =3e11 +3e2n —2e33 —2e44 — 2e5.5,
Yo =eq4+es55—2e33,
Ys=e14+tes+eq) +esp,

Ys=e1s—ers—esntesi. (246)

Using the parametrization of the SL(5)/SO(5) coset repre-
sentative in the form

Y = PV 1401V 24427346374 (247)
we find that the scalar potential vanishes identically. This is
in agreement with CSO (2, 0, 2) gauge group considered in
the previous section.

With the projector (230), we can derive the following BPS
equations

8

A = 1—0e’6¢° cosh 2¢» cosh 2¢3, (248)
¢(’) = %e’ﬁd’o (cosh 2¢, cosh 2¢3

+5sech2¢ysech2¢s3) , (249)
) = %e’éd’" (cosh 2¢, cosh 2¢3

—sech2¢rsech2¢3) , (250)
¢ =— j_’e*wo sinh 2¢sech2gs, (251)
P = —%e*wo cosh 2¢, sinh 2¢3. (252)

@ Springer



648 Page 16 of 18

Eur. Phys. J. C (2019) 79:648

By using a new radial coordinate p defined by ’Zl—‘r’ = ¢ 6%,
we find a domain wall solution to the above equations

1 1
#0 = Co— 5In(l =)+ = In(1 + ¢*)
+61_() ln[eZC_z — e4¢2 + 62C3+8¢2 - 2€2C3+4¢2]» (253)
1
g1 =Ci— (1 +¢*)

+i ln[eZC3 _ e4¢2 + 62C3+8¢2 _ 2€2C3+4¢2], (254)

1 1 4+ 4626 —_ 2 38p 8p
2 = ~1n | ¢ ki (255)
4 L1 4 4e2Cs 42028 4 esp
1 292 4 o42+C3 _ ,Cs
#s= 5 [62 e ea] , (256)
1
A=——In(1—¢e*?)
5
L L n[e2G gt | 2080 20am (057

10

6 Conclusions and discussions

We have studied supersymmetric domain walls in N =
4 gauged supergravity in seven dimensions with various
gauge groups. There are both half-supersymmetric and }‘—
supersymmetric solutions depending on which components
of the embedding tensor in the 15 and 40 representations of
the global symmetry SL(5) lead to the gauging.

For SO(5) gauge group, the gauged supergravity admits
a supersymmetric AdS7 vacuum and can be embedded in
eleven-dimensional supergravity. Accordingly, there exist
domain walls that are asymptotic to the AdS7 vacuum and
can be interpreted as RG flows from N = (2, 0) SCFT, dual
to the AdS7, to non-conformal field theories in the IR. The
resulting solutions can be uplifted to eleven dimensions. Fur-
thermore, solutions from CSO (4, 0, 1) gauged supergravity
can be embedded in type IIA theory via a consistent S> trun-
cation. These solutions with clear higher-dimensional origins
would be useful in the study of the AdS/CFT correspondence
and various dynamical aspects of M5-branes and NS5-branes
in different transverse spaces.

There are a number of future directions to pursue. First
of all, it is interesting to look for domain walls from
CS0(1,0,4) and CSO(1,0, 3) gauge groups that would
presumably involve many non-vanishing scalars. These are
called elementary domain walls in [18]. With the trunca-
tion ansatz given in [33], it would be of particular interest
to uplift the solutions from SO (4) gauged supergravity to
type IIB theory and study the field theory on the world-
volume of NS5- and D5-branes. Using the solutions from
SO(5)and CSO 4, 0, 1) gauged supergravities given here to
holographically study field theories on M5-branes and NS5-

@ Springer

branes also deserves further investigation along the line of
[41-43]. Finally, finding supersymmetric domain walls with
non-vanishing vector and tensor fields as in half-maximal
gauged supergravity studied in [44-46] is worth consider-
ing.
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A Truncation ansatze

In this appendix, we collect some useful formulae for trunca-
tions of eleven-dimensional supergravity on $* and type IIA
theory on S3. The former leads to SO (5) gauged supergrav-
ity while the latter gives CSO (4, 0, 1) gauged supergravity
in seven dimensions. The complete S* truncation has been
constructed in [29,30], but we will use the convention of [32].
Apart from some notational changes, this appendix closely
follows [32] to which the reader is referred for more detail.
Since the seven-dimensional solutions considered here do
not involve vector and tensor fields, we will only give the
truncation ansatze with only seven-dimensional metric and
scalars non-vanishing for brevity.

A.1 Eleven-dimensional supergravity on $*

The ansatz for the eleven-dimensional metric is given by

1
52 = Ads? + ?A_%TA;}VduMduN (258)
with the coordinates ,uM, M =1,2,3,4,5 on $* satsify-
ing uMuM = 1. Tyy is a unimodular 5 x 5 symmetric
matrix describing scalar fields in the SL(5)/SO(5) coset.
The warped factor is given by

A= TynpuMpu?. (259)

The ansatz for the four-form field strength reads

1

~ 1
Fuy = ?A 2|: —Uew + §6M1‘._M5[LM/)LNTM'MdTM2N

A M A dp™ME A dMMS} (260)
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with the following definitions

U =2TunTnpu™ 1n” — ATyu, (261)
1
€4 = ZGM]WMS;LM'duMZ A d,uM3 A d,uM“ A d,uM5.
(262)

After multiplied by %, the seven-dimensional Lagrangian can
be written as

11
e Lo = SR+ ga,LT,g}VzWTMN

1,
_Zgz[zTMN Tun — (Tum)?1. (263)
Comparing with (31) and setting Yy y = 8yn, Z¥N-P =0,
we find the following identification

1
Tyny = MMN and g = 28 (264)

A.2 Type IIA supergravity on S3

By taking a limit in which the four-sphere S* degenerates to
R x $3 followed by a standard Kaluza-Klein reduction on
S', a consistent truncation of type IIA supergravity on S° has
been obtained in [32]. To present this ansatz, we will split the
index M as M = (i,5),i = 1,2,3,4. The SL(5)/SO(5)
coset is decomposed under the SL(4)/S O (4) submanifold
as

q))(j 0]
where M;; is aunimodular 4 x 4 symmetric matrix describing
the SL(4)/SO(4) coset.
The ten-dimensional metric, dilaton and various form field
strength tensors are given by

A2 3 1 5 1 5 3 1 i j
dﬁozﬂbwAMh7+§§® SATIMZ dpldpd, (266)
X = A7 @d, Foy=dy ndp',
. 1,
Fay = "_SA —Ueg
8
1 . . ,
+§€i1i2i3i4Mi|j,u’/ﬂdeizk Adp'> A du"‘],
(267)
. 1 .
Fuay = gA "Mijuldyi A e (268)
with
1 S
€3) = yeijklﬂldﬂj Adpk Adp!, (269)
U= 2MiijkMi/Lk - AM,’I'. (270)

Using the relation (264) and comparing the SL(5)/SO(5)
coset given in (139) with (265), we find the relations

d =8y =0, M,';l=-/’\>iij~ (271)

In this case, i is the coordinates on §3 satisfying 'y’ = 1.
The gauge coupling ¢ is related to g by g = }tg as in the §*
truncation of eleven-dimensional supergravity.
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