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1 Introduction

Janus solutions provide holographic constructions of interface conformal field theories
(CFTs). In many known examples, the solutions are constructed by considering an AdSy
slicing of a (d + 1)-dimensional space where the scalar fields depend non-trivially on the
slicing coordinate. One of the most well-known examples is the Janus solution of [1], which
is a deformation of the AdSs x S° vacuum of type IIB and is given by an AdSy slicing where
the dilation depends non-trivially on the slicing coordinate. The solution is dual to an
interface of N = 4 super Yang-Mills (SYM) theory where the coupling gyy jumps across a
co-dimension one interface [2]. This solution breaks all the supersymmetries, but a general
solution given by an AdSy x S? x S? space warped over a Riemann surface can preserve half
the supersymmetries of the AdS; x S° vacuum [3] and is dual to supersymmetric interface
theories in N =4 SYM [4-6]. For other examples of Janus solutions in type II and M-theory,
see e.g. [7, 8, 10].



Instead of constructing solutions in ten or eleven dimensions, it is often useful to
use lower-dimensional gauged supergravities since the ansatz and resulting equations are
simpler. Often the resulting solutions can be uplifted to higher dimensions, but even if the
uplift is not known the gauged supergravity solutions are useful for studying universal and
qualitative features of interface solutions. For an incomplete list of such solutions in various
dimensions, see e.g. [11-18].

A related construction is given by holographic RG-flows, which consider a Poincaré
slicing instead of an AdS slicing. If the solutions asymptotically approach two AdS vacua
with different cosmological constants, we can interpret this solution as an RG-flow from a
CFT in the UV to a CFT in the IR which is triggered by turning on a relevant deformation
in the UV [19-23]. On the other hand, for most examples of AdS-sliced holographic
interface solutions the CFTs on both sides of the interface are the same and differ only by a
marginal deformation (such as different values of gyy in the example discussed above) or a
position-dependent profile of the expectation value [8] or a source [9] of a relevant operator.

In [24, 25], the idea of a RG-interface in two-dimensional CFTs was proposed, where
the two sides of the interface are CF'Ts related by a RG-flow. The goal of the current paper
is to construct holographic solutions which realize this idea.! We consider three-dimensional
N = 8 gauged supergravity with n = 4 vector multiplets, first discussed in [29]. This theory
has an AdS3 vacuum with maximal N' = (4,4) supersymmetry as well as two families of
AdS3 vacua with /' = (1,1) supersymmetry [30]. The theory gauges a SO(4) x SO(4)
symmetry of the SO(8,4)/SO(8) x SO(4) coset. The gauging depends on a continuous
parameter o where the superconformal algebra of the N' = (4,4) vacuum is given by
the “large” superconformal algebra D!(2,1;a) x D!(2,1;a), and the three-dimensional
supergravity is believed to be a truncation of M-theory on AdSz x S% x §3 x St [31-34].
In this paper, we primarily focus on the case a = 1 for which the expressions for the flow
equations are the simplest.

In [30], the Poincaré-sliced holographic RG-flow solutions were constructed for the
N = 8 gauged supergravity, which interpolate between the N' = (4,4) and N' = (1,1) vacua.
The goal of the present paper is to construct Janus solutions which realize the interface
between the same CFT at different points in the moduli space as well as RG-flow interfaces
between CFTs preserving different numbers of supersymmetries.

The structure of this paper is as follows. In section 2, we review the N' = 8 gauged
supergravity theory we will be using in the paper and discuss the different supersymmetric
AdS;3 vacua. In section 3, we derive the BPS equations for a Janus ansatz following
from the vanishing of the gravitino and spin—% supersymmetry variations. In section 4,
we solve the BPS equations for various truncations which make the analysis of the flow
equations manageable. For a Janus interface between the N' = (4,4) vacuum we find an
analytic solution, whereas for the RG-flow interfaces the flow equations can only be solved
numerically. We present the solutions and provide evidence for our interpretation of these
solutions as RG-flow interfaces. In section 5, we close with a discussion and open questions.
In appendix A, we present our conventions for SO(8) gamma matrices.

!See [14, 26-28] for work in this direction.



2 Three-dimensional A/ = 8 gauged supergravity

In this section, we review the N' = 8 gauged supergravity first constructed in [29]. The
theory is characterized by the number n of vector multiplets. The bosonic field content
consists of a graviton g,,, Chern-Simons gauge fields Bﬁw, and scalars fields living in a
G/H = S0(8,n)/SO(8) x SO(n) coset, which has 8n degrees of freedom before gauging.
The scalar fields can be parametrized by a G-valued matrix L(x) in the vector representation,

which transforms under H and the gauge group Gg C G by
L(z) = go(x)L(z)h ™ (z) (2.1)

for go € Go and h € H. The Lagrangian is invariant under such transformations.
For future reference, we use the following index conventions:

o I.J,...=1,2,...,8 for SO(8).
e 1,8,...=9,10,...,n+ 8 for SO(n).
o I,J,...=1,2,...,n+8 for SO(8,n).

o M,N,... for generators of SO(8,n).

Let the generators of G be {tM} = {tl_‘]_} = {X1/ X7 YI"} where YI" are the noncompact
generators. Explicitly, the generators of the vector representation are given by

_ f{ __ __
(Y = iR 5] — R s} (22)

where n77 = diag(+ ++ +++++ — - -+ ) is the SO(8, n)-invariant tensor. These generators
satisfy the typical SO(8,n) commutation relations,

[tf; tm} _ Q(Hf{z%ti]f _ nﬂkti]f) (2.3)

The gauging of the supergravity is characterized by an embedding tensor © vy (which
has to satisfy various identities [35]) that determines which isometries are gauged, the
coupling to the Chern-Simons fields, and additional terms in the supersymmetry transfor-
mations and action depending on the gauge coupling g. We will look at the particular case
in [30] where n > 4 and the gauged subgroup is the Gy = SO(4) x SO(4) subset of the
SO(8) € SO(8,n). The embedding tensor has the entries,?

QEFTRE iff,j,K,EE{l,Q,?),ll}
Orjri = \€rjkr i1, J,K,L€{56,78} (2.4)
0 otherwise

Note that the gauging depends on a real parameter .. As discussed in [30], the maximally

supersymmetric AdS3 vacuum has an isometry group,

DY(2,1;a) x DY(2,1;a) (2.5)

2We use the conventions €1234 = €s678 = 1.



which corresponds to the family of “large” superconformal algebras of the dual SCFT. In
the following, we will consider the special case a = 1 for which D(2,1;1) = OSp(4]2) and
the form of many quantities defined below are most compact. We expect that for generic
values of a the qualitative behavior of the solutions will be similar.

From the embedding tensor, the Gy-covariant currents can be obtained,

_ 1 1
L1 (aﬂ + 9O M B ) L= 5Q{;JXT J 4 SN+ Plry!r (2.6)
It is convenient to define the VM 4 tensors,
1 1
L_ltML _ VM_AtA — §VM[JXIJ + §VM7"5XTS + VMI’I‘YjT (27)
and the T-tensor,
Tas = Opn V4 V5 (2.8)

The T-tensor is used to construct the tensors Aq 2 3 which will appear in the scalar potential
and the supersymmetry transformations,

1
AP = —@Fﬁ%KLTmKL
i 1
At =L,
- 1 1
AfrBs — EWSFZ%KLTUWL + §F£%T1J|T5 (2.9)

where A, B and A, B are SO(8)-spinor indices. Our conventions for the SO(8) Gamma
matrices are presented in appendix A.

We take the spacetime signature 7% = diag(+ — —) to be mostly negative. The bosonic
Lagrangian and scalar potential are

_ 1 1 1 _ 1
e NLpos = -t 173;?73““ tW-— e L g0 pn By <6,,B,/,\/ + gg@ICL‘fNKP BfBZ))
1 1 i i
W= (A{‘BA{‘B - 2A‘2“ATA‘24A”> (2.10)
The supersymmetry variations are

AT = §ZF{4A7“6AP£T + gA?ATeA

1 1 .
0t = (et + Juirne’ + JOH TR ) +igAfn, (211)

The Einstein equation of motion is
Ry — PP — AW g, =0 (2.12)

and the gauge field equation of motion is
1

ePIrr Qo VM, =M <@QMauByM+ 5

gB'BJ (@MN@ICLf NE S 20w N @cg))
(2.13)



2.1 The n = 4 case

Let us focus on the case of four vector multiplets, i.e. n = 4. The symmetries consist of a
local Gp = SO(4) x SO(4) and a global SO(n = 4). Thus, the scalar potential only depends
on 8-4 — 3 -6 = 14 parameters out of the original 32. Moreover, we will only consider a
further consistent truncation outlined in [30] where the coset representative depends on
eight of the fourteen scalars.

cos A sin Acosh B sin Asinh B

L = | —sin A cos Acosh B cos Asinh B
0 sinh B cosh B
A = diag(p17p2)p37p4) ) B = diag(Qh q2, 43, Q4) (214)

With this truncation, the scalar potential is®

4 4 4 4 2
_ 1 . 1 1
9w =1+||COShqz'+1§ SlnhQQi—z > (55123332952+Z/12?JJ21/1%)—2<”%+||yz>

i=1 i=1 i<j<k i=1 i=1

r; = cos p; sinh ¢; , y; = sin p; sinh ¢; (2.15)

The Q,, and P, currents, excluding the g© y NB/{LV’VN 4 term, are

0 0 0 0 cosh q10,p1 0 0 0
0 0 0 0 0 cosh q20,p2 0 0
0 0 0 0 0 0 cosh q30,p3 0
QIJ _ 0 0 0 0 0 0 0 cosh q40,pa
wo — cosh q10up1 0 0 0 0 0 0 0
0 — cosh g20,,p2 0 0 0 0 0 0
0 0 — cosh q30up3 0 0 0 0 0
0 0 0 — cosh q40,,p4 0 0 0 0 IJ
TS
9, =0
sinh q10,p1 0 0 0
0 sinh q20,p2 0 0
0 0 sinh q30,,p3 0
Ir 0 0 0 sinh q40,pa
73“ = Opar 0 0 o (2.16)
0 Bqu 0 0
0 0 Ouqs 0
0 0 0 s /) 1

Using these matrices, we can check that the combination Pﬁ’"VJ K 7 Vanishes whenever the
indices J, K € {1,2,3,4} or J, K € {5,6,7,8}. This implies that there is no source for Bl/fl
in the gauge field equation of motion (2.13), so it is consistent to set Bﬁ" = 0. We will

make this choice from now on.

2.2 Truncations and supersymmetric AdS3 vacua

In order to make our analysis more tractable, we make further truncations to reduce the
number of independent scalar fields.* Below we consider three truncations, which together
explore the AdS3 vacua with N' = (4,4) and N/ = (1,1) supersymmetry.

$We correct a small typo in the potential given in [30].
“These truncations are consistent due to internal rotational symmetry as shown in [30].



2.2.1 Truncation 1
The first truncation is given by calling ¢1 = ¢, p1 = p and setting all remaining ¢; = p; =0

for ¢ = 2,3,4. The scalar potential is

g q
W = 5 cosh? 3 (34 coshgq) (2.17)

The N = (4,4) vacuum is given by setting ¢ = 0 and the vacuum potential is Wy = 2¢°.

2.2.2 Truncation 2

The second truncation is given by setting all the ¢gs and ps equal, i.e. ¢; = ¢q, p; = p for
1 =1,2,3,4. The scalar potential is

g2

~ 8192

%4 (8103 + 6856 cosh 2q + 1452 cosh 4¢ — 8 cosh 6¢ — 19 cosh 8¢

— 768(3 4 cosh 2¢) cos 4psinh® g — 128 cos 8p sinh® q) (2.18)

The N = (4,4) vacuum is given by ¢ = 0 as before, and N’ = (1,1) vacua are given by
q = +sinh™'v/2 and p = 7(Z/2 + 1/4) which have a vacuum potential of Wy = 84°.

2.2.3 Truncation 3

The third truncation is given by setting the first three ¢s and ps equal, i.e. ¢; = ¢q, p; = p
for i = 1,2, 3, and setting the remaining ¢4 = p4 = 0. The scalar potential is

92

W= 102

(690 + 768 cosh ¢ + 309 cosh 2¢ + 256 cosh 3¢

+ 30 cosh 4¢ — 5 cosh 6 — 96 cos 4p sinh® q) (2.19)

The N = (4,4) vacuum is given by ¢ = 0 as before, and N' = (1,1) vacua are given
by ¢ = +sinh™'1/24+2v/2 and p = 7(Z/2 + 1/4) which have a vacuum potential of
Wo = 2(1+ v2)%¢”.

3 Janus flow equations

In this section, we present the equations of motion and supersymmetry variations for a
Janus ansatz where the three-dimensional metric is written as an AdSs slicing and the
scalar fields only depend on the slicing coordinate. We will also set the Chern-Simons gauge
B//)’I fields to zero, which is consistent as argued in section 2.1. Hence, the Janus ansatz is
given by

2 2
ds? = (2B (‘“—2@) 4w, BM—o
z

¢ = qi(u), pi = pi(u) (3.1)



The Ricci tensor has the non-zero components,
Ry =—R.. = 272(1+ (2B + B"))
Ruu = —2(B” + B") (3.2)

The prime ’ denotes a derivative with respect to the slicing coordinate w. The gravitino
supersymmetry variation &Df =0is

1 ‘
0= 0+ —0 (’yl — B'eBry + 2zgeBA1)e
2z

1
0=0.¢e+—m (—B’eB’yg + 2igeBA1)e
2z

1
0= 0Oue+ ZQiJFUE +igy2A1€ (3.3)

where we have suppressed the SO(8)-spinor indices of ¢4 and A{!%. There are two integra-
bility conditions which can be derived from the gravitino variations (3.3) in the ¢,z and
z,u directions respectively

0= (1 — (2geB A1) + (B’eB)2)e

1
0 = 2ige? (A/1 - E[Al’ QiJFU])e + < d (B'eB> + (29€BA1)2€_B>’)/26 (3.4)

Cdu
We can use the first integrability condition to express the second one as
2ig <A’1 - i[Al, o1/ r”]>e +(=B"+ ) ype = 0 (3.5)
The spin—% variation 5)(‘4 =0is
(—;rfpﬁg +gA§) =0, r=910,....,84n (3.6)

AA

3.1 Eigenvectors of A,

It follows from (2.9) that A; is a 8 x 8 matrix which has eigenvectors
ALB OB — DA 21,234 (3.7)

The eigenvalues w; determine whether a supersymmetric AdSs vacuum can exist. In the
following we denote the positive supersymmetric eigenvalue w, which can be determined as
follows: for the AdSs-sliced metric given in (3.1), the AdS3 vacuum solution with potential
Wy is given by

cosh (v/2Wou)

Bvac =1
(u) =In o

(3.8)
which satisfies

B2 _ 4 ¢ 2Bwc _ 91, =0 (3.9)

vac



A

When we expand the spinors e in terms of the eigenvectors of Aj, the first equation in (3.4)

implies for the spinor component associated with the eigenvalue w that
B? 4 ¢7?B _4g%u? =0 (3.10)

For the AdSs vacuum solution (3.8), this condition relates the eigenvalue evaluated at the
vacuum wy,c to the potential Wy via

2 Wo

whe = 32 (3.11)

As discussed in section 4 for truncation 1, A; has eight eigenvectors ni) fori=1,2,3,4
all with the same with eigenvalue +w that satisfy the supersymmetry condition (3.11) for
the AdSs vacuum with ¢ = 0. Hence, this vacuum preserves N’ = (4,4) supersymmetry.
On the other hand for truncations 2 and 3, there are only two eigenvectors n4 with an
eigenvalue +w that satisfy (3.11) for the AdSs vacua with non-trivial values for the scalars.
Consequently, these vacua only preserve N’ = (1, 1) supersymmetry.

For the RG-flow solutions which interpolate between the different vacua, we expand
the spinors in the basis of the eigenspinors that correspond to the supersymmetric vacuum
when the scalars take their vacuum values. This implies that (3.10) can be solved for B’,

B' = +\/4¢%w? — e 2B

= +2gwy (3.12)

where we defined the convenient combinations,

6_2B G_B
=4/1- —— V1=2(u) = — 3.13
v(u) 1P0? v (u) =5 o (3.13)

which will be useful later on. The two signs in (3.12) are two branches of solutions which
for Janus solutions will be patched together — the numerical evolution usually breaks down
at B’ = 0 and this is the location where the two branches will be glued together.

3.2 AdS; Killing spinors

The Killing spinors for a unit radius AdS, with metric,

dt? — dz?
dSQAdSQ = 272 (314)

satisfy the following equation,
1
DuCn = Z§7u<n7 w=t,z (3.15)

with 7 = £1. The covariant derivatives on AdS, take the form,

1
Dy = Ore + %70’71 5 D, =0, (316)



Since the general spinor in AdSs is a two-component spinor, the (4 form a basis of two-
component spinors. Since spinors in three dimensions are also two-component spinors, the
(+ are also a basis of the spinors in three dimensions. Note that vo = iy where ’yi =1and

172Gy = C—p n ==l (3.17)

The general ansatz for e is given by
=32 (A OO ¢k (% 4 g ¢ (3.18)

For truncation 1 we have i = 1,2,3,4, which label four eigenvectors of A;, whereas in
truncations 2 and 3 the index i is dropped.
3.3 First projector

With this ansatz for the spinors €4, the first two components of the gravitino variation,
1 .
0 = Ose + 3,0 (’yl — B'eBry + QdeBAl)E

1
0=20,e+ Ce (—B’eB’yg + 2igeBA1>e (3.19)
z

can be expressed as follows by using the properties of the AdS, Killing spinors,

0 =i{ (fPn P + rPnO% ¢, — (a@nﬁ”‘ +gn M ¢} (3.20)
+iB'e” ifyg{(ff n+ AL o )C + (g+)n(+) +g(_i)n@A)C_}
+ 2igwe” { (f{ P4 — fOn A><+ +(gPn = gD L @)

Using iv2¢; = (-5 and the linear independence of the ngi) and (+, one obtains a set

of equations,

fr+B'ePgi 4+ 29wel fL =0
—g+ + BB fy +2gwePg, =0
fo+BeBg_ —2gwePf_ =0
—g_+ B'eBf_ —2gwelPg_ =0 (3.22)

which are consistent if the integrability condition (3.10) holds. In terms of the v(u) defined
n (3.13) we have

V1—92-1 V1—792+1
f+= ﬁ%’ f-= fg, (3.23)

3.4 Second projector
The spin-3 variation (3.6) can be rewritten in the following form

AB

[—QZ((AE)T)_l (FIR{T)TWQ +1| £=0, r=9,10,11,12 (3.24)




Since P[" contains the first derivatives of the scalar fields, the flow equations for the scalars
can be derived from the condition of vanishing of this supersymmetry variation. The
projectors for r = 9,10,11,12 take the form

(MABing +54P)eP =0 (3.25)

For consistency, the matrix must satisify MAZMBC = §4¢. Plugging in the ansatz (3.18)

A

for the spinors €, we get

0= (£ 1 fOnO) ¢y (DDA 4 0 04)
+ MABjry, {(ff)ngi)B + f@n@B) C+ + (gg)ngf)B + g(_i)n@B) C_} (3.26)
Using the fact that the eigenvectors can be orthonormalized,

nOApDA Z gt @A DA i 04,004 (3.27)

and projecting onto ngé) gives

Je+Miygy +Mi_g- =0
g+ + Moy f+ + My f- =0
f-+Mi_gy+M__g_=0
Got My_fr+M__f =0 (3.28)

where we define
My =ni M2 M__=n2MAEnB My =M =ntMAERB (3.29)

If there is more than one n4 (as in truncation 1) the My, Mi+ have to take the same
form for all n(iz), which is a consistency condition. Using (3.23) it can be shown that

equations (3.28) can only® be satisfied if we have
M++ =7, M__ = -7, M+7 = M,+ = 1— ’}/2 (330)

The relations (3.30) for the matrix M4 given in (3.24) provide first-order flow equations
for the scalar fields. Note that the second integrability condition for the gravitino variation
in (3.4) is also the form of (3.25). For all the solutions which we find, this condition is
automatically satisfied and does not constrain the flow further.

4 Janus and RG-flow solutions

In this section we obtain the flow equations and solve them. Only for truncation 1 are we
able to solve the system analytically. For truncations 2 and 3 we solve the resulting flow
equations numerically.

5We can also have M, _ = M_, = —4/1 — ~42, which gives a similar solution. For example, in section 4.1
for truncation 1, this sends p(u) — p(—u). This resolves an ambiguity in the definition of our eigenvectors,
as we can freely send n — —ny or n— — —n_.

~10 -



4.1 Truncation 1

For the truncation to a single scalar described in section 2.2.1, the matrix A; takes the form,

0 0 0 cos p cosh? 1 0 0 sin p cosh? i 0
0 0 — cos p cosh? 4 0 0 0 0 sin p cosh? 4
0 — cos p cosh? i 0 0 — sin p cosh? 1 0 0 0
Ay — cos p cosh? i 0 0 0 0 — sin p cosh? 4 0 0
1 0 0 — sin p cosh? 1 0 0 0 0 _ —cosp cosh? 3
0 0 0 — sinp cosh? 4 0 0 cos p cosh? 4 0
sin p cosh? 4 0 0 0 0 cos p cosh? 4 0 0
0 sin p cosh? 2 0 0 — cos p cosh? i 0 0 0

(4.1)
(i)

We have four pairs of eigenvectors ny’ for i = 1,2, 3,4 with the same eigenvalues +w, where

w = cosh? g (4.2)

so the supersymmetry condition (3.11) is satisfied for the vacuum where ¢ = 0. The pairs
of eigenvectors are

o {%,o,o,w,o,o, Smp,o}, {0 0,0,~%22,0, —ﬁ,“j;,o}

) = {0, J5. —<#£,0,0,0,0, 21, "= {o, osmpo J5:0.0, <52}

o {0 0,~%2,0, 10,0, —C‘jﬁp}, n® = {0,——,—“’5? 0,0,0,0, }p}

() ={0,0,0, -2 0, 4o <= o} M = {1 0,0,—52,0,0,—2,0} (43

Given the eigenvectors, we can compute the My and M, _ matrix elements for the matrix
in (3.24) for any pair of ng?. Note that for this truncation, only the flow equation for index
r = 9 is nontrivial while the others are identically vanishing. Then (3.30) gives us flow
equations for the scalars ¢ and p. The remaining flow equation for the metric factor B

comes from (3.12). The flow equations are

' — _gysinh ‘= g\J1-~2, B =+2gycosh?? 4.4
q gysinhg, p'=g V2, g7 cosh” 3 (4.4)

which solve the equations of motion. We can solve for a flow where p(0) = po, ¢(0) = qo
are arbitrary and B’(0) = 0, which is equivalent to v(0) = 0. This first-order system can
be rewritten using the function « in lieu of B, in which case the third equation above is
replaced with

v =29(1 -7 (4.5)

The solution is

tanh q(2u) sech(2gu) tanh —
tan[p(u) — po] = tanh(gu) (4.6)

- 11 -
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(c) (d)

Figure 1. (a) pq parametric plot, (b) plot of ¢, (c¢) plot of p, (d) plot of the metric function B as
functions of the AdSs slicing coordinate u for truncation 1. The colors denote three different values
for qo. po = 0 for all three plots. The behavior of p is the same for all three examples.

which gives the metric factor

Bu) = 7%8}1(29”) sech? M (4.7)

© 2 2

This is a Janus solution which approaches the N’ = (4,4) vacuum at the two endpoints
u — +o0o. We note that the flow equation is the same for each pair of eigenvectors ng)
and hence the solution preserves eight of the sixteen supersymmetries of the N' = (4,4)
vacuum. We present plots for three choices of the parameters gg = 0.5,1.0,1.5 in figure 1
and set pg = 0 for all three. The qualitative behavior is very similar for all three choices
and corresponds to a Janus interface which interpolates between different values of p(u)

as u — +oo.

4.2 Truncation 2

Recall that the truncation presented in section 2.2.2 sets all the ¢; equal and p; equal. The
matrix A; takes the form,

0 0 0 a1 +as 0 0 0 0

0 —2a3 —aj1 +as 0 a2 0 0 as

0 —a1+a3 —2as 0 —ag 0 0 —as

Ay = a1 + a3 0 0 0 0 0 0 0 (4.8)

0 a9 —a2 0 2a3 0 0 —a1 + a3

0 0 0 0 0 0 a1 + as 0

0 0 0 0 0 a1 +as 0 0

0 as —ay 0 —ai1 + as 0 0 2a3

- 12 —



where we define, for this truncation,

1
a; = §(3 + cos4p)(1 + cosh? ¢)

1
az =g (3 + cosh 2q) cosh g sin 4p

as = 2 cos? psin? p cosh? ¢ (4.9)
The eigenvectors and eigenvalues can be obtained by considering the matrix (A1)? first.
There are two eigenvalues, the first is (a; + ag)? which is six-fold degenerate but does
not satisfy the condition (3.11) for the N' = (1,1) vacuum. The second eigenvalue is

4a3 + (ay — 3as)? which is two-fold degenerate and does satisfy (3.11) for the ' = (1,1)
vacua. The corresponding eigenvectors of (A;)? take the form

v = {0,%,—%,0,0,0,0,0} . vy = {0,0,0,0,%,0,0,%} (4.10)

Let

w= \/4a% + (a1 — 3a3)? (4.11)

be the positive eigenvalue of A;. One can reduce the A; matrix on the subspace spanned
by v1,v2 and find that the (not yet normalized) eigenvectors vy of A; with eigenvalue +w
are given by

vy = 2a9v1 + (—a1 + 3ag + w)vy (4.12)

The flow equations take the form of a first-order system of ordinary differential equations
for the functions p(u), ¢(u), and B(u). These equations do not take a simple form and
are too unwieldy to be presented here. Using Mathemtica, we have checked that the flow
equations imply that the equations of motion are satisfied as well as the second integrability
condition of the gravitino variation (3.5).

The flow equations can be numerically integrated.® In figure 2 we present some examples
for the numerical solutions of the flow equations. By fine-tuning initial conditions we can
produce flows that (i) look like the Janus solutions in truncation 1 plotted, in red in figure 2,
(ii) connect N' = (4,4) and N = (1, 1) vacua, plotted in blue in figure 2, and (iii) connect
two N = (1, 1) vacua which are related by flipping signs of p, plotted in orange in figure 2.
In the pg parametric plot in figure 2(a), the locations of the N" = (1,1) vacua p = £7%,
g = sinh™! /2 are denoted by black dots. Note that for the N = (4,4) vacuum where g = 0,
the asympototic value p is a modulus which can take any value, hence the flow towards the
N = (4,4) can end at any point on the p-axis at ¢ = 0.

In the numerical integration, the ' = (1,1) points are repulsive and require fine-tuning
in order to obtain flows that approach these points. This can be explained as follows. The
choice g = 1/2 sets the N = (4, 4) vacuum potential to Wy = 1/2 and the AdS3 length scale

SWe use the method described in [14]: we choose the location p(0), ¢(0) of a turning point where B’ = 0
and use the flow equations to determine p’(0),q’(0). These values provide the initial conditions for the
second order equations of motion to give p(u), ¢(u) and B(u).

~13 -
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Figure 2. (a) pq parametric plot, (b) plot of ¢, (¢) plot of p, (d) plot of the metric function B as
functions of the AdSs slicing coordinate wu.

to unity. For the A= (1,1) point, the vacuum potential becomes Wy = 2 and the AdS;
length scale is L = 1/2. Taking the linear expansion around the N' = (1,1) point,

p(u) = % + dp(u) + (9(5})2)
q(u) = sinh ™' V2 + q(u) + O(5q2> (4.13)

the mass-squares for the dp and dg fluctuations are

5 21
mpl? =7, mgl?=" (4.14)
Using A(A —2) = m?L?, the scaling dimensions of the corresponding dual operators are

g, A= 1 (4.15)

Ay =
In our AdS-sliced coordinates, the boundary is given by the two AdSs components at
u = Fo00, which are joined together at the z = 0 interface. The coordinates (z,u) can be
mapped to Fefferman-Graham coordinates (p, ) where the boundary is located at p = 0.7

"Recall that the AdS3 metric in Poincaré coordinates,
—dp? 4 dt? — da?
2

is related to an AdSsz-sliced metric by the coordinate change,

z=/x?+p? sinhu=z/p.

ds® =
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Let us consider the boundary at u — +o00. In the (p, z) coordinates, the metric factor B
has the expansion e = p~1 + O(po) near the boundary. But in the (z,u) coordinates,
from (3.8) the expansion near the boundary is B = u/L + - - -. Therefore, the asymptotic
form of the coordinate change (p,x) — (z,u) takes the form,

el=pF4. (4.16)
The linearized flow equations around the A/ = (1,1) point are

6q =35q+ - (4.17)

which are solved by 6p ~ Cpe ™% and dq ~ C'qe3“, or in terms of p,
op ~ Cpp/* 6q ~ Cqp™™/? (4.18)

These asymptotic forms are consistent with the scaling dimensions in (4.15), as we either
have solutions that scale as p® or p>~2. We see that the ¢ scalar diverges as we approach
the N = (1,1) point as p — 0 unless we fine-tune the coefficient Cy to zero. This is identified
with turning off the source for an operator with scaling dimension larger than 2 on the
boundary CFT.

A similar counting as before shows that the flow preserves two of the four supersymme-
tries of the NV = (1,1) vacuum. Therefore, we have RG-flow interfaces between a CFT with
central charge ¢(*% and a CFT with central charge (1Y), where [36, 37]

== (4.19)

4.3 Truncation 3

The analysis of the flow equations and their solutions for truncation 3 proceeds very similarly
to the one for truncation 2, presented in the previous section. The matrix A; takes the

form,

0 0 0 (a1 —az+bs) cosp 0 (—a1+az+by)sinp 0 0

0 —2a; cosp (a1+az—bs) cosp 0 (a1+az—by)sinp 0 0 2assinp

0 (a1+az—bs) cosp —2a, cosp 0 —2aysinp 0 0 (—a1—az+by)sinp
Al — (a1 —az+bs) cosp 0 0 0 0 0 (a1 —az—by)sinp 0

0 (a1+az—by)sinp —2assinp 0 2a; cosp 0 0 (a1+az—ba) cosp

(—a1+az+by)sinp 0 0 0 0 0 (a1 —az+bs)cosp 0
0 0 0 (al—a2—bl)sinp 0 (a1 —az+bs)cosp 0 0
0 2assinp (—a1—ag+by)sinp 0 (a1+az—ba) cosp 0 0 2aj cosp
(4.20)

where we define, for this truncation,

1 1
a; = 5(1 + cosh ¢) cosh gsin? p, ag = 5(1 + cosh ¢) cosh g cos® p

1 1
by = 5(1 + cosh ¢)(1 + cosh? ¢)sinp, by = 5(1 + cosh ¢)(1 4 cosh? ) cos®p  (4.21)
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Figure 3. (a) pq parametric plot, (b) plot of ¢, (c) plot of p, (d) plot of the metric function B as
functions of the AdSs slicing coordinate u for truncation 3.

As with trunctation 2, there are two eigenvalues of (A;)?: one with six-fold degeneracy that
does not satisfy (3.11), and one with two-fold degeneracy that does. This eigenvalue is

1
w? = o cosh? g (175 — 224 cosh ¢+ 140 cosh 2q — 32 cosh 3¢+ 5 cosh 4g 4 24 cos 4psinh* q)
(4.22)

The corresponding eigenvectors of A; with eigenvalue tw are
vy = (—(3a1 + ag — by) cosp £ w)vy + (a1 + 3ag — by) sinp vy (4.23)

where vy, vy are defined as before in (4.10). The flow equations once again do not take a
simple form and must be solved numerically. In figure 3 we present some examples for the
numerical solutions of the flow equations for truncation 3, which exhibit very similar features
to the solutions of the flow equations for truncation 2. By fine-tuning initial conditions we
can produce flows that (i) look like the Janus solutions in truncation 1, plotted in red in
figure 3, (ii) connect N' = (4,4) and N/ = (1,1) vacua, plotted in blue in figure 3, and (iii)
connect two N = (1, 1) vacua which are related by flipping signs of p, plotted in orange in
figure 3. In the pq parametric plot given in figure 3(a), the location of the N' = (1,1) vacua

p==+7,q= sinh~! \/m are denoted by black dots.

The N = (1,1) points are again repulsive. With g = 1/2, the N/ = (1,1) vacuum
potential is Wy = (1 4+ 1/2)2/2 and the AdSs3 length scale is L = v/2 — 1. The linear
expansion around the vacuum yields the following mass-squares for §p and dq fluctuations,

myL> =1, m]L*=2+2V2 (4.24)
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which correspond to the scaling dimensions,
Ap=1+V2, A;j=2+V2 (4.25)
The linearized flow equations around the A/ = (1,1) point are

op' = —(34+2V2)dp + - --
6 = (2+V2)dg + - (4.26)

which are solved by dp ~ Cpe*(‘g“‘/ﬁ)“ and dq ~ qu(%*/i)“, or in terms of p by substituting
et ~pt,

op ~ Cpp' V2 8q ~ Cop™? (4.27)

These asymptotic forms are consistent with the scaling dimensions in (4.25). Again, we see
that the ¢ scalar diverges as p — 0 unless we fine-tune the coefficient C; to zero, which turns
off the source for an operator with scaling dimension larger than 2 on the boundary CFT.

A similar counting as before shows that the flow preserves two of the four supersymme-
tries of the N = (1,1) vacuum. Therefore, we have RG-flow interfaces between a CFT with
central charge ¢(*% and a CFT with central charge ¢(1'1), where

(L) (4,4)

= 0O —=V2-1 (4.28)
4.4 1,1
c(4.4) Wt

5 Discussion

In the paper, we constructed new solutions of three-dimensional gauged supergravity. The
solutions produced describe interface CF'Ts holographically. We considered three different
truncations of the scalar fields which are associated with three different supersymmetric
AdS3 vacua with NV = (4,4) and N/ = (1,1) supersymmetry. The solution in the first
truncation is a Janus solution that is very similar to the one found in [38] for a simpler three-
dimensional gauged supergravity. The CFTs on both sides of the interface are deformations
of the N' = (4,4) vacuum with a source for a marginal operator turned on as well as a
position-dependent expectation value for a relevant operator. The interface preserves half
of the sixteen supersymmetries of the N' = (4,4) vacuum.

The solutions for the other two truncations represent RG-flow interfaces in the sense
that the solutions we find have different CFTs on each side of the interface. For example, we
find solutions where the interface connects the N'= (4,4) CFT (with a marginal operator
and relevant expectation value) and the A= (1,1) CFT (with an irrelevant source). Note
that there is no clear distinction between the UV and the IR in the RG-flow Janus solutions,
since both sides put together form the boundary of the asymptotically AdS space. This is
to be contrasted with a Poincaré-sliced RG-flow solution, where the AdS boundary with
the larger curvature radius (or central charge) is viewed as describing the UV CFT. A
irrelevant source is turned on near the N' = (1,1) asymptotic AdS, which means that, from
the perspective of the flow, this constitutes a repulsive direction. To find a flow that comes
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very close to the N/ = (1,1) vacuum, we have to fine-tune our initial conditions, which
corresponds to fine-tuning the source of the irrelevant operator.

We have worked in truncations where the dynamics of the eight scalar fields g;, p; for
1=1,2,3,4 are reduced to the dynamics of two scalars ¢, p, where in all three cases ¢ =0
corresponds to the N' = (4, 4) vacuum. Hence, we could find interface CFTs of the N = (4,4)
CFT with one of the N’ = (1,1) CFTs. In this truncation, we cannot find an interface
solution connecting the two distinct N/ = (1,1) vacua. For such a solution, we would have
to consider the flow equations with at least four independent scalars. The fine-tuning of
the initial conditions to produce the interface solution would also be more challenging.

The SO(4) x SO(4) gauging depends on a real parameter a and in this paper we have
only considered the case a = 1 which simplifies the expression of the A; matrices and the
scalar potential. We expect that the solutions for other choices of o behave qualitatively
the same, since the supersymmetric vacua exist for other values of a. Nevertheless, it would
be interesting to check this expectation. It would also be interesting to consider holographic
observables such as the entanglement entropy around the interface or correlation functions.
We plan to investigate some of these questions in the future.
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A SO(8) Gamma matrices

We are working with 8 x 8 Gamma matrices qu i and their transposes Fﬁl o

the Clifford algebra,

which satisfy

1 J J I _ 1J
FAAFAB+FAAFAB_25 5AB (Al)

Explicitly, we use the basis in Green-Schwarz-Witten [39],

rfi=101®1, I, = ioy ®ioy ®ioy

Ii=1®0 ioy, I, =1®03®ioy
FiA:m@iUg@l, F2A203®i02®1

I, =inn®lxo, I =i ®1®03 (A.2)

The matrices F%B, Fﬁ-{% and similar are defined as antisymmetrized products of I's with the
appropriate indices contracted. For instance,
1
IJ — I nJ J 7l
FAB:§(FAAPAB_FAAPAB) (A.3)
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