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1 Introduction

Since its very birth, the AdS/CFT correspondence has produced many important achievements,
which have completely changed our understanding of gravity, information theory and strongly
coupled field theories. Within a supersymmetric set-up, one may have control on both sides
of the correspondence and calculating certain protected quantities may therefore provide
precision tests for holography. In this context, producing supersymmetric supergravity
solutions involving AdS is of utmost importance. In particular, AdS black holes play a
crucial role in analysing CFT’s at finite temperature. On the other hand, by means of
the so-called domain wall (DW)/QFT correspondence [1], AdS DW geometries provide the
holographic description of RG flows.

Another holographic application of supergravity is the investigation of conformal defect
theories. The insertion of a conformal defect within a mother CFT, breaks conformal
invariance in the bulk and only retains a lower-dimensional conformal symmetry, corresponding
with the spacetime directions in which the defect is extended. Signatures of this broken
higher-dimensional conformal symmetry may be, e.g. the presence of non-zero one-point
bulk correlators. The holographic dual picture of a conformal defect is given by a lower-
dimensional AdS slicing of the metric (see for instance [2, 3]), which locally asymptotes

to a higher-dimensional AdS geometry. The prototypical realisation of this is the Janus



solution [4, 5] describing a one-parameter deformation of the AdS; x S vacuum of type 1B
supergravity. These geometries describe AdSy %—BPS foliations of AdSs and are interpreted
as the gravity duals of conformal defects within N/ = 4 SYMy.

On the other hand, when it comes to the microscopic description of conformal defects, one
may follow the general construction of [2], where these are argued to stem from branes ending
on other branes. In [2], the construction is sketched in a few different stringy settings and a
lower-dimensional AdS-sliced geometry is shown to arise at least within a probe analysis, i.e.
in a limit where the defect branes are treated as probes within the remaining background

branes engineering the mother CFT in their near-horizon limit.

Now, unifiying these two observations within a fully controlled set-up has so far proven
to be extremely challenging. Indeed, a significant amount of work on BPS AdS flows has
been carried out and some interesting results are nowadays available (see e.g. [6-18]), many
of which include key holographic tests. It may be worth noticing that most holographic
calculations in this context involve ambiguities related to the choice of a regularisation scheme,
which need to be resolved. This is the main challenge to face before one can draw physical
conclusions concerning the dual conformal defect theory. However still, it is very hard to
come up with a brane picture for these holographic conformal defects in the way envisioned
by [2], i.e. exhibit a brane system whose fully backreacted geometry yields the aforementioned

AdS-sliced geometry in a certain limit.

In this work, we focus our attention on SCFTg’s, whose gravity duals are AdS7 vacua in
11d supergravity or in massive ITA supergravity. These 6d theories are particularly interesting
because they generically lack a Lagrangian description and hence are intrinsically strongly
coupled. Surface conformal defects in massive ITA were previously analysed in [15, 19-21],
in cases where the defect theory enjoys small supersymmetry. Due to this peculiarity, one
can say more about the brane construction of the defect, as these turn out to be partially
smeared within the background of the mother branes. This simplifies the supergravity analysis
substantially and allows for an analytic treatment. For solutions with large supersymmetry,

this remains an open issue, which serves us as a motivation towards this problem.

This paper is organised as follows. We first review the 7d minimal supergravity set-up.
Secondly, we introduce a detailed procedure for integrating the 7d BPS equations, which
is based on reducing the amount of independent fields by making use of the integrals of
motion for the given class of flows. After testing this on previously known solutions with
small supersymmetry, we derive the most general solutions with large supersymmetry and
discuss smoothness constraints on the integration constants. Subsequently, we lift them to
11d supergravity and spell out their relation to the classification of [22], and also lift them
to massive ITA to get novel AdS3 flows. Finally, we focus again on the M-theory picture

and discuss the holographic central charge.



2 The supergravity set-up

Minimal N = 1 supergravity in d = 7 is defined by just the N' = 1 supergravity multiplet in
seven dimensions. The global isometry group is R™ x SO(3), where the non-compact part
is associated to the shifts of a scalar field X and the SO(3) part defines the R-symmetry.
For the 7d field content we consider the graviton g,, and a 3-form Bz, in addition to the
real scalar X.! In what follows we will gauge some symmetries in the supergravity set-up.
Specifically, these are controlled by two gauge couplings, g and h, and correspond to the
gauging of the R-symmetry group and a Stiickelberg coupling, giving a mass to the 3-form.
For simplicity g and h are chosen such that they satisfy h = ﬁ.

The Lagrangian has the following form

1
L=R;— 10X 2%9,X)*~ 3 XYxr FaNFy—hFiABs —V(X), (2.1)
where F, = dBs. The scalar potential can be expressed in terms of a superpotential as
4 2 2 2
V- (~6£(X)? + X*(0x 1)?) . (2.2)
Taking for instance the supersymmetric superpotential
1
J0) =5 (hX ™ 4 V2gX) (2.3)
the scalar potential reads
V =2h2X"8 — 4/2hgX 3 — 24°X? . (2.4)

The equations of motion for the scalar field and the 3-form are given by?

— —1_pv . —9 4 2 -9 _
0, (\/ g X lg 6,,X> —V5 X* 2 —Vm XaxV =0, o)

O (X'V=g Fi™7) + hy/=g B =0,

while the 7d Einstein’s equations have the form
_ 1 3 1
Ry —5X 20,X0,X — §X4 <}'4# - Fay — 5}"ng1,> — Vg =0. (2.6)

Importantly, due to the Stiickelberg term in the 7d Lagrangian, the 3-form must respect
the self-duality condition

X5y Fy = —2hBs3. (2.7)

This relation ensures that the 3-form has the right number of degrees of freedom on-shell.
The theory has a supersymmetric AdSy vacuum at X = 1 and B3 = 0. This vacuum
preserves 8 (complex) supercharges. Its uplift to eleven dimensions gives rise to the AdS; x S4

vacuum associated to a stack of M5 branes.

1Strictly speaking, in the 7d supergravity multiplet there are also non-abelian vectors A’. These are

associated to possible gaugings of the R-symmetry. We will not consider these fields in our analysis.
“We use the notation ]:% = %]—‘leukful---uk and Fr - Fry = ﬁ}—kuﬂzu.uk}—k uuQmuk.



2.1 Warm up: charged domain walls

A class of 7d solutions that has been extensively studied in the literature is the class of
so-called charged domain walls. These are A" = (0,4) AdS; x S? solutions fibered over a
line, featured by a non-trivial polarisation of the 3-form within the 7d bulk. The holographic
interpretation in string theory of these backgrounds has been deeply explored. Specifically,
it has been shown that string dualities allow to relate these domain walls to backgrounds
of the type AdSs x S? [15, 21, 23, 24], AdSy x S® [25, 26] and AdS, x S? [17, 26, 27]. In
this section we present a slightly more general charged domain wall solution of the type
AdSs3 x S fibered over a line.
We consider the following 7d backgrounds

ds? = 2U(@) (dSQAdS3 + ds%;;) +e2V @) g2
Bs = b(x) (volags, + volgs) , (2.8)
X =X(x),

where we take the radii of AdSs; and S? to be equal and normalised to one. It can be shown

that the Killing spinor associated to the above geometries has the standard form
e=Y(x)e, (2.9)

where ¢ is a constant spinor in 7d. The BPS equations were obtained in [28], and are given by
2 e2U+V
X2

A crucial element in the integration of the BPS equations is the following gauge choice

O, ("UHIXP) =0, (2.11)

(2.10)

2 2 Y
U' = 5er, X' = —geVXZDXf, V' = ger, b= —

If we now choose for f the BPS superpotential (2.3), the equations become exactly solvable

and we find the solution

v 828/5(C + ¢4)1/10 v _ N
a | ghals (O 4 27 (2.12)
¥ (C + zh)l/> b 1612V C + x4
= an = e '

This background breaks half of the 7d supersymmetries, preserving 4 supercharges that realise
small N' = (0,4) supersymmetry in three dimensions [19]. The solution depends on the
tuning of the parameter C. In this sense it represents an extension of the charged domain
wall solution presented in [28], which corresponds to the case C' < 0. This can be explicitely
shown by observing that (2.12) matches with (4.23) in [28] if the relation g3/? = 2321/4\/=C
holds. On the contrary, for C' > 0, one has x € [0,00) and the solutions (2.12) are new.
Even if the local profile of the solution is similar, the extension to C' > 0 values is quite
important for its stringy interpretation. In fact, as discussed in the massive ITA context [21],
the branch with C' < 0 implies the presence of smeared orientifolds (ONS5 planes), while

smeared orientifolds are absent in the C > 0 case.



3 A new AdS; Janus solution in AdS-

In this section we construct new Janus solutions to the seven-dimensional theory introduced
above, realised as AdS3 x S? foliations over a line. We provide extra details to the integration of
the BPS equations, which were firstly derived in [28]. The final result is a one-parameter family
of solutions describing a continuous deformation of the AdS; geometry. These geometries

are asymptotically locally AdS7 and entirely smooth in the 7d bulk.

3.1 The AdS3 geometry and the BPS equations

We start taking the following prescription for the seven-dimensional geometry

ds% = 62U(T)L2d82Ang + eQW(T)ﬁ2ds§3 1+ e2V(r) gp2 ,
B3 = k(T)L3V01AdS3 + l(T)H?’VOlS:a , (3.1)
X =X(r).

Here we explicitly introduced the AdS3 and S? radii, L and &, respectively, since they will
not be equal on-shell, in contrast with the simpler previous case. We consider a Killing

spinor of the following form [28]

e=Y(r) [cos (9(;)) 1g + sin <9(2T)> 7012} €0, (3.2)

where €y is a constant spinor in 7d.> We point out that even if we introduced the new
dynamical variable € in the Killing spinor, the corresponding equations preserve the same
amount of supersymmetries of the charged domain wall, namely four complex supercharges in
seven dimensions. As we will see, these will be organised into large N = (0,4) supersymmetry
in the explicit solutions. As noticed in [28], where the consistent set of BPS equations for
the above geometries was first derived, the 8 = 0 case corresponds to a solitonic branch of
solutions in which U = W and k = [. This situation corresponds to the charged domain

walls discussed in the previous section.

3We refer to [28] for more details on the derivation of the BPS equations from the SUSY variations. In (3.2)
€o is a constant Dirac spinor in 7d, featured by 8 independent complex components. The flat basis is chosen
as (e™,¢e% e'), with m = 0,1,2 and i = 4, 5,6 associated to the AdS3 and S® directions and e® to the radial
direction. To obtain a consistent set of BPS equations one needs to impose a single projection condition along

the radial direction, i.e. eg = ¥ eo.



The BPS equations read [28]

v 1
U = 2—55(309 ((3cos 204+ 7) f +6sin?0XDx f — foe_U sin0> , (3.3a)
/ eV 2 10 -U _:
w :—%SGCQ 2 (cos20 —6) f + 4sin HXDXf+fe sinf ), (3.3b)
, Yev o 10 4 .
Y' = 50 sech | (3cos20+7) f+6sin“0XDxf — Te sinf |, (3.3¢)
0 = —%ev sinf (f — XDxf), (3.3d)
k’—ﬁ 2tan @ (2f +3XD f)—E‘U 0 (3.3e)
= =52 an X ¢ sech), 3e
z’—ﬂ 4sinf (f — XD f)—E_U (3.3f)
= %2 sin X 7¢ , .
’ eVX .2 10 U _:
X' =- 5% sec(0) (2(44 cos20) XDx f + 4sin“0f — Te sinf ) . (3.3g)

In order to be consistent, the above equations must be supplemented by the following

algebraic constraint,

2 2W-U

2 w
Py S +ge tanf (XDxf+4f) =0, (3.4)

which is a dynamical relation linking the radii of the AdS3 and S? factors. In what follows

we will provide some details on the integration of the BPS equations.

3.2 Constructing the solutions

First, we notice that equations (3.3) imply the following algebraic constraints between the

dynamical variables

Y=Y eV/? ,
eV Weos =y, (3.5)
eV tan 0 (XOx f +4f) = Cs,

where Yy, C1, Csy are constant parameters. Taking the derivative of the third relation it can
be shown that the superpotential f must be the one given in (2.3). The particular solution
presented in [28] is featured by the very specific choice C1 =1 and Cy = %. The goal of this
section is to show that this particular solution can be extended to an infinite class of AdSg
solutions associated to parametric deformations of the AdS; vacuum.

To this aim we can rewrite the algebraic constraint (3.4) using the conditions (3.5).
This leads to

S —+=22=0. (3.6)



In this way the dynamical constraint (3.4) takes a purely parametric form involving the radii

of AdS3 and S3. To obtain the above expression we wrote the metric factors eV and " as

eV = M X lsin~1o and eV = @X_

5 5 Leosfsin™l6. (3.7)

It is quite natural at this point to trade the r coordinate with the function 6(r) associated
to the spinor (3.2). We can use the BPS equation for 6 in (3.3) for that purpose, and

write the relation

_2V2 X4
g sinf

eVdr = (3.8)

Using (3.8) we can now explicitly integrate the BPS equations in . Firstly, we evaluate (3.8)

within the equation for X and integrate in #. We obtain the following expression

10 ) N\
X = (l—i— (1— LCng)tan 0 + Cx sin” f tan 0) . (3.9)

Finally, using (3.9) and integrating in 6 the equations for k and [, we obtain

= — 4 1 - 1 -
k ko—|—< 59 < sin 9( LCIC2>—|—CXtan 9) ,

3
. 202 . =2 ( _ 10 ) o 202 )
l=1y+ ( 59 > (sm (1 IC.G, Cxsin“6 | ,

where Cx, ko, lp are integration constants and the coordinate 6 is defined over the interval
)

(3.10)

3.3 Smooth deformations of the AdS; vacuum

We now show that for a sub-class of the solutions obtained in the previous section the 7d

background is regular at any point. The explicit solution of the BPS equations (3.3) is given by

eU _ \/50102 X_1
59
w _ \/§C2X_

sin~to,

e Leosfsin™' o,

v_ 22

eV = X2 X4sin10,

(3.11)

X—<1+<1 10 )t 20+ Cxsin®0t 29>_1/5
= 101Gy an X Sln an ,

3
k=ko+ <\/m) (45111_2 20 (1 10 ) + C'y tan? 9) ,

5g B L0102
V20, 3 9 10 9
p— i 1 - - 1 .
l=1y+ ( 59 (sm 0( L0102> C'x sin 9>



We observe that the 3-form must satisfy the self-duality condition (2.7), implying that
3

ko =0 and [y = —2 (fgigc&) (1 — W) It follows that the solution (3.11) depends on five

parameters C1,Cy, Cx, L, k. These constants must satisfy the constraint (3.6). As we said

the above solutions are defined over the interval 6 € [0, 5]. We may start considering the

limit & — 7. In this limit we can write explicitly the behaviour of the scalar field

Cx+1-— 1 20 7\ 2
X5 = LCIC2 - (1 —5C > 0] (0 _ ) . 3.12
(9 — 7) + 3 X+ LC1Cy * 2 ( )

It is now immediate to see that if one imposes the relation

10
x=—-14+—r 1
¢ LC1Cy’ (3:13)

the scalar field becomes regular. One can check that the same holds true for the scalar potential.

In turn, we can expand the metric around ¢ = 7, obtaining a regular AdS3 x R* geometry
2
2LC,C 8X§ 2
ds? ~ (\f5g12> X Hdas, + <d92 N (9 - g) ds%;,) , (3.14)

where X is the finite order Value of the scalar field given in (3.12). Using the relation (3.13),

this is given by X S=92— LC C . Finally, one can also check that the 4-form F4 = dB3
is regular in the 6 — 5 limit.

Introducing now the parameter

10
A GGyl (3.15)

and using the algebraic contraint (3.6), we can rewrite the AdS3 and S radii as

10 10
I — - . 3.16
Cio1— N T TN (3.16)

The solution (3.11) takes then the following form

8 1 cos2 6
= A 2 10 792
i = 9>X?sin? 0 ((1 - A)zdSAdsg + mdssg + X040 ) :
_1
Kol (3.17)
Ba — 1612 A (1+ sin? 9) sin~20 ol B 16y/2 A cost 0sin~2 6 .
3= 93(1 — )\)3 VOlAdSs 93(1 + A)3 Volgs .

This represents a new family of solutions defined for A\ € (—1, 1), which reduces to the global

AdS7 vacuum when A = 0, parametrised as

ds? = ;snﬂ 0 (dsidsg + cos® Odss + daz) : (3.18)

We can then interpret the solutions as a one-parameter family of deformations of the AdSy

vacuum geometry. As we showed above, this family of solutions is smooth in the 6 — 5



limit. At the other extrema # — 0 the geometry is asymptotically locally AdS7;. More
explicitly, in the § — 0 limit we find

8 1 1
g S (L g oL e d92>
7 Q%QQl—MQSM&+X1+M2SW+ | (3.19)
X:1—§9?+Ow%,
plus
32v/2 A 32v/2 A
]:4 ~ _Wdé? AN VOlAdS3 + md& A V0153 . (320)

This reproduces locally the AdS7 vacuum geometry, which means that the contributions

associated to the flux are subleading in the equations of motion. This can be easily verified

for the Einstein’s equations by looking at the behaviour of the Ricci scalar in the 8 — 0 limit,
21¢>

R; = ——1——+CX94), (3.21)

whose leading term is, manifestly, the AdS~ curvature. It can be further verified that in the
6 — 0 limit all the other contributions to the equations of motion with the exception of the
7d vacuum energy are subleading. In particular, for the |F4|? term, the leading contribution
is proportional to A and goes to zero as O(6%).

It is well-known that Janus solutions are good supergravity duals for defect CFTs. At
this stage of the analysis, we can identify the defect locus holographically. First we go to the
AdS7 boundary, located at 8 = 0, and we choose the Poincaré coordinates for AdSs

dSIQRLI + dZQ

22

dsiqs, = : (3.22)

where ds]%il,1 is the metric over the 2d Minkowski slices. Next we go to the AdSs boundary,

located at z — 0. One can see that the 7d metric (3.19) can be written as follows

1— 2
ot~ g s+ 0= (2 (153) R0 )+ 2] a2

where we rescaled the Minkowski metric by a factor (1 — A)2. First we note that for A = 0 we
recover the AdS; global geometry written in the conformally flat coordinates on AdSs x S3.
If A # 0 we observe a conical singularity at the origin of the R* space parametrised by
(2,5%). We point out that the presence of this singularity is crucially related to the fact
that AdS3 and S® have different radii. More explicitly, the deficit angle is given by 6 = ﬁ—f\,
which must be defined in (0, 27).

From the previous analysis we conclude that when A # 0, the AdS7 isometries are broken
and the resulting dual CFT becomes two-dimensional. From (3.23) it is manifest that the
z-direction describes the physical distance of an observer from the defect (at least in the
6 — 0 limit). As far as the #-direction is regarded, it describes the embedding of the 2d
degrees of freedom of the defect within the “mother” SCFTg. More specifically, from the point



of view of the 6d theory, the 2d defect can be viewed as a position-dependent deformation
parametrised by the #-direction. In this sense, moving towards the 6 — 7 limit, which is
where the space closes off smoothly, might correspond to an RG flow towards a 2d CFT. In
order to develop a more quantitative analysis on this point, it might be useful to construct

the full Minkowski-sliced solution in (6, z). This is however far beyond the scope of this work.

4 The Janus solution in M-theory

In this section we study the M-theory uplift of the 7d Janus solution found in the previous
section. We present the explicit 11d geometry obtained by using the uplift formulas in [29],
to then show that it belongs to the general classification of AdSz x S3 x S3 x 3y solutions
to M-theory of [8-10, 22, 30, 31], preserving large N' = (4,4) supersymmetry. Moreover,
exploiting the recent insights of [32], we relate our Janus solution to the 7d charged domain
wall discussed in section 2.1, which preserves small N = (4,4) supersymmetry. As in [32] the
class of small solutions is obtained as a particular limit of the class of large solutions.
Finally, we compute the holographic central charge. The naive derivation of this quantity
exhibits a divergent behaviour close to the AdS; boundary, which needs to be regularised
within a regularisation scheme that explicitly depends on A [33]. We propose a concrete
strategy to impose a cut-off over the non-compact direction, and obtain a central charge

which is monotonic and well-behaved in .

4.1 The M-theory uplift

Minimal 7d supergravity can be obtained via consistent truncation in various ways. We
will consider here the case of M-theory reductions over 4-spheres [29]. The 11d metric

can be written as
dst = A2 ds? + 2972 A72/3 4s?

(4.1)
dsj = X> Adg® + X' P dsis,

where A = X 2 4+ X4 5% with ¢ = cos¢ and s = sin&. The 11d 4-flux takes the form

4 20
Gi=—g3AA2WdE Avolgs + =g P A2 X 45t dX A volgs
V2 R ° (4.2)

— sF) — V29 e Xt w7 Fryy NdE,

where W = X852 -2X2 243 X3 ¢? -4 X3 and we imposed the relation h = 2% between
the 7d gauge parameters. Using these expressions we can rewrite the 7d AdS; vacuum as
ds%l = dsads, + 29_2 d8%4 ,

(4.3)
Gy = 6v2g 733 d¢ Avolgs

where the radius of AdSy is expressed in terms of the 7d coupling as L2Ad87 = 8¢~2. This

geometry is the AdS; x S* Freund-Rubin vacuum associated to a stack of M5 branes.

,10,



Using expressions (4.1) and (4.2) we can now uplift the 7d solution (3.17), to obtain

ALl/3 2
ds?, — 8 cos szs?gg +X10d92>

1 2
g% X2sin% 0 ((1 — )\)QdSAdS3 * (1+X)

2A—2/3
92

(XPAdg? + X' c?ds, ) (4.4)

Gy = \% g 3ASATPWdE A volgs + 3% g 3AT2ZX st dX A volgs — d(sin£B3) ,
where to avoid confusion in the notation we renamed S the internal 3-sphere in (4.1), (4.2).
We recall that X = (1 + Asin? «9)_%. The explicit form of B3 is given in (3.17).

The above backgrounds are AdSs x S% x §3 x ¥ foliations over a 2d Riemann surface
Y9, parametrised by the coordinates (,¢). It is easy to see that for § — 0,7 they reproduce
locally the AdS7 x S* M-theory vacuum. Moreover, the solutions are entirely regular at any
value of @ and describe the global AdS7 x S* vacuum when A = 0. Our analysis in the next

section shows that they preserve large N’ = (4,4) supersymmetry.

4.2 The 7d Janus solution as a N' = (4,4) solution to M-theory

The space of AdS3 x S3 x S x ¥ solutions to M-theory has been extensively explored in the
literature. Of particular relevance for our work are the classifications of solutions with large
N = (4,4) supersymmetry [8-10, 22, 30, 31]. Specifically, the existence of Janus solutions
within AdS7 x S% vacua in M-theory has been discussed in [8, 9, 30, 31].

In this section we show that our Janus solutions in seven dimensions lie in the aforemen-
tioned classifications. We focus on the results in [31], where the existing classifications of
AdS3 x S3 x 83 x ¥y backgrounds were extended to a broader class of solutions specified by
a reduced set of data consisting on two functions over Yo called ﬁ, G, and a real parameter?

~. The two functions satisfy the following differential equations
~ 1 ~ ~
OpOwh =0, 0wl = i(g +G)Oplnh, (4.5)

where w, w are complex coordinates over the Riemann surface. The 11d metric can be entirely

expressed in terms of the above quantities, as follows. We start with the general prescription
dsi) = fids:’,dSQAng + fgsdsgs =+ fégds%:), + f%2d32227 (4.6)

where the warping functions depend only on the coordinates on the Riemann surface and

ds3, = dwdw. We now introduce the two combinations [30, 31]

Wi =G £i> +471(GG — 1), (4.7)

“This parameter is associated to the isometry superalgebra D(2,1;v) ® D(2,1;7) [31].
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from which the warping functions can be expressed as [8-10, 22, 30, 31]

h2W, W_ 00h|® -
6 D+ - 6 _ _
fRas; = 300G — 12’ fs, S5 (GG — D)W, W_,
(GG — )W (GG — )Wy
6 _ v \II ™ L)V — 6 _ " \YI )"+

As far as the fluxes are concerned they can also be obtained in terms of the quantities
(h, G,~). We refer to [31] for their explicit expressions. The parameters 31, 32, 33 are real
parameters such that 81 + 2 + f3 = 0 and v = f2/83. Introducing real coordinates over
the Riemann surface w = x1 + iz, one can directly relate the uplift (4.4) of our 7d solution
to the classification presented above. In particular, performing the following change of

coordinates within the Riemann surface,

cos
z1 = 2arctanh () and To =&, 4.9
! V1 + Asin246 2=¢ (4.9)

one can derive the particular form of the functions h and G associated to (4.4). These
are given by

V2(A+1)

h = 3 sinh z cos x2 and G =i(2coszgsech(x; —izg) — 1), (4.10)
g

where z1 € [0,400) and 3 € [-F,5]. We point out that the 7d parameters must be

expressed in terms of the 11d ones in the specific form

1—A 1+ A
leading to the following value of ~,
Bo 1+ A
e __-T2 4.12
7=73, 5 (4.12)

From this analysis we conclude that the 11d uplift of our Janus solution (4.4) belongs to the
general classification in [31] and therefore preserves large N = (4,4) supersymmetry.

An interesting aspect of the solutions with large N = (4,4) supersymmetry is that
they give rise to similar classes of AdS3 x S3 x % x Y5 solutions with small N' = (4,4)
supersymmetry for certain values of the y-parameter. An interesting example was presented
in [32], using as starting point the explicit backgrounds in [15, 28]. In what follows we
apply the same procedure to our Janus solution (4.4), to obtain a class of solutions with
small supersymmetry. More precisely, following [32] our goal is to compute the v — —o0
limit of the Janus solution (4.4).

We start this analysis by rescaling the 7d gauge coupling as g — g (1 + )\)1/ 3. With this

rescaling the explicit solution for h (4.10) does not depends on v, namely

A 2
h = i; sinh 1 cos zg . (4.13)
g

— 12 —



It is useful to cast the function G in the form [32]

G=—i(1+77'F), (4.14)
where F is a complex function. To find its explicit expression we can make use of the invariance
of (4.5) under G — G = ia+bg. If we choose a = —2—1and b = —Z, from (4.10) we can write

2
D COS T2 (4.15)

~ cosh(zy — iza)’

where p is a constant. We are now ready to compute the limit v — —oo of our Janus
solution (4.4). A key property we need to verify is that our solution is compatible with

backgrounds of the type
dsty = hiH™'3 (dshas, + dss ) + HY/® (dz2 + dp?ds?, ) | (4.16)

where a new system of coordinates for the 11d background {z,p} has been introduced.
This parametrisation was introduced in [15] to provide the brane picture underlying the
7d charged domain walls in [28]. One can show that our solution can be expressed in the

above form through the map
u = isinh w, z = Re(u) = — cosh z; sin z2, p=Im(u) =sinhx;coszy.  (4.17)

After this coordinate transformation, the master equation for G, (4.5), is still solved. This

can be shown explicitly using Cauchy-Riemann equations over Yo
0z, 2 = Oxyp, Oz, p = —0g,2.

Further, we can split F, given in (4.15), into real and imaginary parts as follows

2
F = 7 sinh? 1 cos® 2o H + i FJ, (4.18)
1
and rewrite our solution as
h1 cos 2x9 + cosh 2x1 .
ds?® = V2lE) (ds%ds3 + dS%«;’,) + H?/? { 5 (dz? 4 dz2) + sinh? z1 cos® xo ds§~3 ,
G4 = d(bags, volads,) + d(bgs volgs) + d(bgg V01§3), (4.19)
where the function H is given by
2h1p coth x1cschxy . 4\/5()\ +1)
H = th hf = ————--. 4.20
cosh 221 + cos 229 b LIS EDNE (4:20)
The functions bags;, bgs, bgs associated to the 4-flux have the form
1 .
bads; = bgs = —2hy cosh x1 sin x, bg3 = §h1 sinh x1 cos xo F7 + O, (4.21)

,13,



with

sinh x1 sin 24 A .
Fr=2 d d =2h .
! pcosh 211 + cos 2x2 an 1P SILL2

The function H satisfies the following master equation
0§2H + 6§1H — 3tan 290, H + 3cothx10,, H =0, (4.22)

where the coordinates are defined within the intervals z; € [0,400) and z3 € [-7F, 7].
We conclude this section by observing that in the 2y — 0 limit, the background (4.19)

takes the form of a stack of smeared Mb5-branes with metric
ds® = h%/?)f(flfg) (p_l/gHE)_les]%Ls + H§/3p2/3(dx% + dx% + x%ds%ﬁ) ,
where

2/3

Hj and f(x2) = cos™” xa.

1
=2
In the opposite limit 1 — 400, we may rename z; = logr and write,
r dr?
ds® = h?/?’ Kpl/?’ ds]%@,s) + 2p2/3 7'2> + 2p2/3 (dx% + cos? xzdsés)] ,
which is the metric of the AdS7; x S* vacuum. Therefore, applying the recipe of [32] we
have extracted the 11d geometry described by equation (4.19) from the solution (4.4),
preserving large N' = (4, 4) supersymmetry. The background (4.19) preserves small N' = (4,4)
supersymmetry and is equivalent to the uplift of the charged domain wall (2.12), obtained

using the formulas in (4.1). More precisely, the coordinate transformation that shows the

equivalence between the backgrounds (4.19) and the uplift of (2.12) is given by

221/601/6 1
z = CY*/sinhz , = I9, = = —.
1 g 2 g h1/3 p 4\/5

We point out that the above change of coordinates is well-defined only for C' > 0 (see the

(4.23)

discussion at the end of section (2.1)).

4.3 The holographic central charge

In this section we discuss the derivation of the holographic central charge for the 11d Janus
solution given by (4.4). We follow the general prescription of [34-36]. To this aim we need

to cast our 11d metric (4.4) in the following form
dsty, = a(¢, 0°)(dag + b(¢)d(?) + gi; (¢, 6%)d0 d6” (4.24)

where the coordinates #° parametrise the 7d internal space gijdeidm. In (4.24) the AdSs
geometry has been written as a foliation of a 2d Minkowski space R! with radial coordinate
¢. The functions a(¢,#%) and b(¢) are then given by

SAL/3 ¢2

g2 X?sin?6 (1 —\)2’ b(¢) =¢ (4.25)

a(¢,0) =

— 14 —



4200
10Q0 -

10 —— boundary 800 — defect
cut-off cut-off

600
defect boundary

051 400

200 -

n n n L n n £ X
-1.5 -1.0 -0.5 0.5 1.0 15 -1.5 -1.0 -0.5 05 1.0 15

Figure 1. Global structure of the Riemann surface Y. On the left-hand side the Riemann surface is
parametrised by (6, &), while in the right-hand side it is parametrised by conformally flat coordinates,
(z1,22). The wiggled lines generically denote an x5 dependent regularisation scheme.

The holographic central charge has the general form [34-36]

3
3 b(¢)/*(H)2 : A i/ i
Chol — FNT with H1/2 = /d9 det[gz]] G(C, 0 )1/2, (426)
and H' the derivative of H w.r.t. (. Gy is the 11d Newton’s constant. Substituting the

value of a(¢,6") and the internal 7d metric obtained from (4.4) we arrive at the following

expression for the holographic central charge

3 5%
ol = do d 3 t?’e : 720 4.97
Chol 32GN h9|)\—1’()\—|—1)3 /0 - gCOS f CcO sin , ( )

jus
2

where for simplicity of notation we have used the gauge parameter h = We immediately

observe that the above integral does not converge. Indeed, the funct10r21\€ot3 6 sin=2 6 scales
as #~° in the AdS; limit, § — 0.

As already mentioned, the solution (4.4) is a AdS3 x S x S3 x X5 background, with
Riemann surface enclosed between the intervals # € [0,5] and § € [~F,5]. The AdS;
boundary is the segment 6 = 0, while the defects are located at the opposite segment 6 = 7.
Going to the conformally flat coordinates (z1,x2) introduced in (4.9) the Riemann surface
is the strip defined by z1 € [0,400) and 22 € [—~7, 5]. This is depicted in figure 1. Using

the inverse transformation of (4.9),

cosf =

(1+ )2 tanh (%)
/

s and =, (4.28)
(1 + Atanh? (wl))

we can then rewrite (4.27) as

3 14+X [2
64GN hO 1 — )\ J-

Chol =

dxy cos .’Eg/ dxy smh3 21 osh Z ? (4.29)
2
In these coordinates the divergence at the AdS7 boundary arises at x1 — +o00o. Following the

prescription in [33] we introduce a cut-off A in this direction defined through

ap(z2)

cosh A = 2 + o (x2) + an(xa)e? + - - -, (4.30)
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where «; are scheme-dependent functions. Upon choosing e.g. constant «a;’s, one obtains

1 1+
32GN h9 [1— A

A
Chol = sinh? 3 (4.31)
However, we will simply extract from (4.31) the contribution of the defects to the central
charge, and show that this gives a positive monotonic function increasing within the interval
0 < A < 1. The contribution of the AdS; boundary is simply obtained by imposing A = 0
in the previous result. This gives

1 A A
o = gagy o' 5 = 3 i Vi sinki 2’ (4.52)

where we have rewritten the expression in terms of the M5-brane Charge N5, using the
standard relation Gy = 167747, together with h=3 = 87¢3, N5, with N5 = 27% Gt Jga G4 and
G4 given by (4.3). This gives the right scaling of the 6d CFT dual to the AdS7 >< S4 vacuum.
Finally, the contribution of the defects to the central charge is given by

def 2 A

A
4
Chol = 4 ’1 — >\| N5 sinh (433)

We would like to finish this section with a short remark. The central charge for the
solutions preserving small N = (4,4) supersymmetry can be obtained from the result for the
solutions with large N' = (4,4) supersymmetry, given by (4.31), taking the A — oo limit, as
discussed in the previous section. This gives rise to expression (4.32), namely, to the same
central charge as the 6d mother theory. This is an interesting result that we further interpret
in our paper [41], where we discuss the physical interpretation of this class of solutions.

Another interesting holographic observable is the regularised on-shell action. Upon
imposing the local equations of motion, the whole action may be rewritten as a boundary
term, up to a bulk piece coming from the 11d Chern-Simons (CS) action. The boundary
piece receives contributions both from the bulk action and from the GHY boundary term.
However, in our case, we do have non-trivial contributions from the CS term, due to the
three independent pieces of the 3-form appearing in the 11d solution. This, in turn, causes
the appearence of logarithmic divergences in addition to the usual poles to be subtracted.
These log-terms are associated with gravitational anomalies of the 6d dual field theory. In
order to overcome this issue and produce a well-defined regularised on-shell action, we would

need to perform a holographic renormalisation analysis, in the spirit of [37].

5 The Janus solution in massive ITA

Minimal 7d supergravity is also employed in the literature as a consistent truncation of massive

ITA supergravity [38]. This dimensional reduction is performed over an internal manifold M3

that is topologically a 3-sphere and locally a fibration of a 2-sphere over an interval.
Following the same logic of section 4, in this section we write the uplift of our 7d Janus

solution (3.17) to massive Type ITA string theory. This procedure leads to a new class of
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AdS3 solutions in massive ITA. We start by recalling the reduction formulas for the NS-NS

sector. The 10d metric is decomposed as [3§]

-1;.2 L oy 1 94,9 5,2 2 38€6A222 1—a® o4 5

0 dsty = 39 X72e"dsy + X2dsy,, , dsyp, = w2 dz" + 6w € dsge, (5.1)
where w = X°(1 — %) + 22, £ is the AdS; radius and g is the 7d coupling. As we said, the
internal geometry is topologically equivalent to a 3-sphere, and locally it reproduces the
fibration of an S? over an interval, parametrised by the z coordinate. X is the 7d scalar field,
and is such that X = 1 at the AdS7 vacuum. As for the M-theory truncation, these reduction
formulas are defined for the 7d gauge couplings h and g such that h = 2%}5.
A crucial feature of this truncation is the possibility to express all the relevant quantities

describing the internal geometry in terms of a single function a(z) [39] such that
& = —1621° Fy, (5.2)

where the dot denotes the differentiation with respect to z and Fy is the Romans mass.

Specifically, the truncation is described by the following functions
1 5,4 5 3
A ST ( a)4 b _ 213%m2 ( a>4
et =24y | —=) , € ="—F—F—mm—|—= | ,
vr ! VaZ —2adi \ @
5 a2 I &
T = ¢= e 1 —a2 = ——— .

a2 — 2aa’ 27234

The 10d dilaton ® and the Bs-field are given by [38]

243175/2 X5/4 ay3/4 ac
e — 7l (62 20axo)ie (_5) and By = Eﬂ(—z + éM(mX5) volge .
(5.4)
Using the functions given in (5.3), one can write the R-R sector,
(71Fy = —gvolg2 + %w_lFo e*A /1 — 22voly (5.5a)
3414 1
(Ey = —ZLqQﬁ?qudz A XA xr Fy — §e3A_¢m]:4. (5.5b)

From these expressions it is manifest that the 7d flux F4 = dBs plays a role in defining the
10d 4-flux Fy, while the 2-flux F5 is entirely determined by the variations of the internal
geometry and of the 7d dilaton.

We can now use the formulas just introduced to uplift the Janus solution (3.17) to
massive ITA. The result of the uplift is a geometry of the type AdS3 x S2 x S? fibered over
two intervals. The 10d solution depends on the deformation parameter A and it reproduces
the AdS7 vacuum to massive ITA for A = 0. The 10d Janus geometry has the following form
cos? 6

1
(s + 15 e+ 00

38 e6AX% 1—22 s
ﬁ a2 7T2q2d22 + WXQGQAdSEQ .

(5.6)
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The 10d dilaton and Bs field (5.4) can be written as

Y o . ) —1 - ’

&% —2aa (1+ )x;ln 0) a (5.7)
T ad
By = —{mzvolg2 + volgz ,
T a2 =206 (1+ Asin20) L0
while the RR fluxes are given by
e’ 194 F() fe%6’
Fy = ( + — )VOI 2,
31272 T 42 24 (1 + Asin26) ) O

(5.8)

24\ 1+ sin%6 cos* @
Fi=-0r-"ldlad— """ 1 —d| & ———— los | .
4 347 < <a (1 — X)3sin? 9) /A VOlads, <a (A +1)3sin%0 /A volgs

From the above expressions we observe that the Janus solution is crucially described in
ten dimensions by a dyonic profile for the F; flux. From the point of view of the defect
interpretation, this is a strong indication that the defect branes, namely the branes responsible
for the breaking of the AdS7 isometries, are a bound state of D2-D4 branes. As we mentioned
above, when we impose A = 0, F; = 0 vanishes and the AdS7 solutions to massive IIA are
recovered [40]. We refer to [41] for a more detailed analysis on the brane interpretation
of the solution (5.6).

6 Conclusions

The holographic interpretation of surface defects with ' = (4,4) and N = (0,4) supersym-
metry has been intensively explored in recent years. The main focus of this research has been
put on the defect interpretation of AdSs and AdSs string backgrounds related by dualities
to the charged domain wall solutions discussed in section 2.1 (see e.g. [15, 19-21, 23, 24] for
AdS3 domain walls and [17, 25-27] for AdSs ones). Based on the observations in [32] it is
reasonable to expect that the supergravity solutions describing surface defects ultimately
belong to the classifications of AdS3 x S3 x S3 x ¥y backgrounds in [8-10, 22, 30, 31].

It is noteworthy that most N/ = (4,4) AdSs solutions with a clear holographic defect
interpretation preserve small N' = (4,4) supersymmetry. This is related to the fact that the
brane solutions that underlie these geometries are only well-understood in terms of defect
branes ending on mother branes (which allows to decouple their equations of motion) when
the defect branes are localised in the worldvolume of the mother branes but are otherwise
smeared in the rest of the transverse directions, which gives rise to just SU(2) R-symmetry.

In this paper we have taken a step forward in the defect interpretation of AdS3 backgrounds
with large N = (4, 4) supersymmetry. These solutions are Janus-like backgrounds that realise
one-parameter deformations of the AdS; x S* vacuum geometry of eleven dimensional
supergravity. Identifying the fully-backreacted brane solutions underlying these geometries is
however a very demanding task. This is due to the fact that the flux structure associated

to the SU(2) x SU(2) R-symmetry group is much more intricate than the one associated to
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the small supersymmetry preserved by charged domain walls. In section 4.2 we showed how
to relate the AdS3 Janus solutions to the charged domain walls. This computation suggests
that the physics behind the AdSs Janus solutions could be related to M2-M5 defect branes
intersecting a stack of M5’ mother branes, as it is the case for the charged domain wall
solutions (see [15]). The invariance under the SU(2) x SU(2) isometry group implies that
for the Janus solutions the M2-M5 defect branes should be fully-localised in their transverse
space. This could be the crucial physical difference between ' = (4,4) AdS3 solutions with
small and large supersymmetry. We leave the problem of understanding the brane picture

and the dual field theory for future work.
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