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Wilson loop in AdS; x S° x T* from quantum M2 brane
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Type-IIB string theory on AdS; x §* x T* with Ramond-Ramond flux as the near-horizon limit of the
D1-D5 solution is expected to be dual to a (4, 4) supersymmetric 2D conformal field theory (CFT)
parametrized by the integers Q;, Qs, and other moduli. It is related by T-duality to type-IIA string theory in
the near-horizon limit of the D2-D4 solution, which admits an uplift to the 11D AdS; x S* x T° background
which is the near-horizon limit of the M2-MS5 solution. We point out that this relation allows one to use the
quantum M2-brane description to probe “nonplanar” corrections in the dual 2D CFT, in close analogy with
the Aharony-Bergman-Jafferis-Maldacena (ABJM) theory case (described by M-theory on AdS, x S7/Z,).
We consider an analog of a supersymmetric Wilson loop (line defect) expectation value represented by a
type-IIA string partition function expanded around an AdS, C AdS; minimal surface. Its M-theory analog is
the M2-brane partition function expanded near AdS, x S'. We compute the one-loop contribution Z, to the
M2-brane partition function and find that in contrast to the ABJM case in arXiv:2303.15207 [where
Z=(2 sin%”)‘l :ﬁJr&Jr --- contains an infinite series of higher-genera string corrections, k= ~ &‘f], here it

is given solely by the leading string theory contribution Z; :\/L— where k ~ /Qs plays a role analogous to k.

2

We also discuss a generalization to the mixed-flux case which is straightforward from the 11D perspective.

DOI: 10.1103/wxvx-qrwd

I. INTRODUCTION

Most symmetric examples of AdS/CFT [1-3] related to
AdSs x $3, AdS, x CP3, and AdS; x S x T* share the
common feature that their spectrum is expected to be
controlled by integrability in the large-N (tree-level string)
limit. Going beyond this planar limit at strong coupling is
challenging, as this requires computing string loops.

Remarkably, in the AdS, x CP*> or Aharony-Bergman-
Jafferis-Maldacena (ABJM) theory case, one is able to
compute certain nonplanar strong-coupling corrections using
its M-theory uplift in terms of quantum M2 branes in
AdS, x §7/7, [4-10]. Here, we point out that an analogous
approach is possible also in the AdS; x S® x T* type-IIA
case that admits an 11D M-theory embedding.

The standard discussion of the AdS;/CFT, dualityl starts
with the D1-D5 combination in type-1IB string theory, which
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has AdS; x §3 x T* as its near-horizon limit. Guided by a
weak-coupling (flat-space) open-string description of the
D1-D5 combination, one expects that the dual 2D conformal
field theory (CFT) should be related to an IR limit of a
coupled system of three (4,4) supersymmetric multiplets
(see, e.g., Refs. [2,11,12]): a U(Q,) adjoint vector multiplet,
a U(Q;) adjoint hypermultiplet, and a U(Q;) x U(Qs)
bifundamental hypermultiplet. It should correspond to a
certain deformation of symmetric orbifold (7#)V/Sy 2D
CFT, where N = Q05 (see, e.g., Refs. [13,14]).

In general, details of this duality (in particular, interpola-
tion from weak to strong coupling) beyond the Bogomol’nyi-
Prasad-Sommerfield (BPS)-protected sector are still poorly
understood (for some progress, see, e.g., Ref. [15]).

The simplest “protected” observable is the free energy on
S? related to the central charge. The central charge count on
the gauge theory side’ gives ¢ = 6Q; Qs + 6. On the string-
theory side, the free energy is proportional to the logarith-
mically IR-divergent volume of AdS; and is thus related to

*The contribution to 2D conformal anomaly of a single free
(4, 4) hypermultiplet (four real scalars and four real fermions) is
¢ = 6. The 2D vector multiplet has an irrelevant kinetic term and
thus contributes to the anomaly only through a ghost factor, with
a single vector giving ¢ = —1. The U(1) part of the vector
multiplet is decoupled (representing the c.m. of the bound D1-D5
combination), so that finally ¢ = 60,05+ 03 —6(03 - 1) =
6005 + 6. The same result is found by counting the SU(2)
chiral anomaly of the (4,4) superconformal algebra [2,11].
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the UV conformal anomaly in the boundary theory. The
leading 6Q; Q5 term is reproduced by the classical action
of the 10D supergravity on AdS; x $3 x T* [16], while
the subleading +6 term comes from the one-loop 10D
supergravity contribution [17] (with all subleading in large
N = Q; Q5 contributions expected to cancel out).3

Another special observable that will be our main focus
here is the expectation value of a supersymmetric con-
formal one-dimensional defect operator, which is a formal
analog of the %—BPS Wilson loop (WL) in gauge theories,
and on the string-theory side should be represented by the
partition function expanded near the AdS, C AdS; mini-
mal surface [19-21].

Performing T-duality along one D5 direction (a circle in
T*), one gets the D2-D4 combination in type-IIA string
theory that also has AdS; x S® x T* space (supported by
the RR 4-form flux) as its near-horizon limit. The corre-
sponding dual 2D CFT should be equivalent to the one
in the type-IIB case, up to a redefinition of parameters
(in particular, Qs — Q4, Q1 = Q).

The key point here will be that the D2-D4 solution admits
the uplift to the M2-MS5 solution of 11D supergravity [22]
that has the AdS; x S® x T as its near-horizon limit. This
opens up a possibility to use the quantum M2-brane probe
method to shed light on nonplanar corrections in the dual
2D CFT.

In particular, the AdS, minimal surface representing the
WL in the type-lIA string on AdS; x S* x T* supported
by RR flux gets uplifted to the AdS, x S' M2-brane
solution in AdS; x §3 x T* x §', where M2 is wrapped
on S' c T*. This is analogous to how the 3-BPS WL in
ABIM theory is represented by the AdS, x S! M2 brane
in AdS, x §7/7, [4,23].

Our aim below will be to compute the one-loop M2-brane
correction to the expectation value of the circular WL in
AdS; x §3 x T* x S' following the same steps as in the
AdS, x §7/Z, case in Ref. [4].

A. Review

Let us first review the known expression for the one-loop
WL expectation value at strong coupling represented by the
string partition function on the disc that can be computed
using semiclassical expansion near the AdS, minimal
surface [20]. The three cases of a string with AdS,-induced
geometry in AdS; subspace of AdS,, x M'*P supported by
RR fluxes, i.e.,

(i) p=5: AdSs x S5
(iii) p = 3: AdS; x 83 x T%;

(i) p = 4: AdS, x CP3;

3This is analogous to the N> — N2 — 1 shift in the AdSs x §°
case [18] and the 4N®—3N — 4N*>—9N —7 shift in the
AdS; x §* case [17].

can be treated on an equal footing. The main parameters are
the AdS, scale L, the string coupling g, and the effective
dimensionless string tension T:

LZ

T=LT=—.
2ra

(1.1)

The WL expectation value is given by the string partition
function with a disklike world sheet ending on a circle at
the boundary of AdS,

W) = 22, +0(g) = W[l + O(T)] + O(g.). (1)

S

7, = /[dx...]e_dez"L =eT,

'=Iy+I'h +I, + ... (1.3)
Here, I') = —2xT is the classical string action proportional to
the renormalized AdS, volume vol(AdS,) = —2z. The one-
loop correction I'; = O(T?) found from the expansion of the
Green-Schwarz string action in a static and x-symmetry
gauge is given by the determinants of the fluctuation oper-
ators in AdS, world-sheet geometry (R® = -2) [19,20]:

e

_ [det(=V2+1R®) 4 1)]P! [det(=V2 + 1R
~ [det(=V2 +2) [P [det(~V2 + R®) + 4)}H[det(~V2) S
[det(=V2 4 )]P~! [det(~V> — ]~

N [det(=V? + 2)~! [det(—V2)]5=20 (1.4)

In the case of AdS; x §® x T* supported by RR flux, there
are four massless fermion modes (which are partners of 7*
bosonic modes) and four massive ones [19] (the result
is the same in T-dual type-IIB and type-IIA embeddings).
For general p, one finds that

1 _
I ZEZIOgdetA =Ie +T17,

[N = —Cit(0) log A, C(0) =1, (1.5)

_ 1 1
P = =300 =5 (b= 4)log2n). (1)
where A is a 2D UV cutoff (the radius of AdS, is set to 1).
As was argued in Ref. [20], the universal divergent term
e = —log A [Eq. (1.5)] should be canceled against the
contribution of the Green—Schwarz (GS) string path-integral
measure, so that at the end it gets effectively replaced by a

finite term

VT

Nt (1.7)

'y, — —log
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As a result, the one-loop contribution W; in Eq. (1.2) is
given by

W, = l—ﬁ e T — ¢ \/—Te2”T c, = o )
s \/271' P s P (V27T>p

(1.8)

In the p =3 case corresponding to AdS; x S x T*, we
get ¢, = L.

The expression (1.8) matches the known gauge theory
localization results in the p =5 (SYM) [24,25] and p = 4
(ABJM) [26] cases, where one has

Higher-genus string corrections to Eq. (1.2) are expected to
have the structure [20] (y is the 2D Euler number)

W= 5 o) e om

7=1.-1,... gs
VT L. g?

S el O(T"!
gse ( +c1pT[+ (TH)]

+c2pf§‘2[ +O(T“)]+~-~), (1.11)

which is indeed consistent with that of the 1/N, strong-
coupling expansion found from localization in the

2 2 1 corresponding 4D and 3D gauge theories in Refs. [25]
7 4 7 In the AdS, or ABJM case, one is able also to
(1.9) reproduce the leading large-T corrections to all orders in
g, by semiclassically quantizing the M2 brane [27]
ABIM: g, — VA _N wrapped on AdS, and the 11D circle of radius \/% in
N k AdS, x §7/Z, [4]. Localization predicts [28] that the
T = ﬂ’ -1 &s ) (1.10) %—BPS WL expanded in large N at fixed k is given by
V2 V8xT [cf. Egs. (1.8) and (1.10)]
|

W Fl140( )] = a7+ O ) (1.12)

2sin VN 2 sin(\/g Nii)

1 VT - gl Tn? g

T+ =2 [1+0(T! ) O(TH]+ 0(g!) ). 1.13
== e (1 0+ g B+ O]+ o) (1.13)

Written in terms of the AdS, radius L and the radius R = 2L of S’ the effective M2-brane tension and its classical action on
AdS, x S! is the same as the string action appearing in the exponent in Eq. (1.12):

\/_n\/—

T2 LzRTz -

Sy = (~27) (%”) T, =

The M2-brane semiclassical expansion is performed for large T, for fixed k (fixed 11D background)—i.e., the s—=—

1
L6 = Eﬂszl/ﬂg, T2 ES

1

m, (1.14)

2N
™

(1.15)

2 sinZ= sm—"

prefactor in Eq. (1.12) should be the one-loop M2-brane contribution [which, according to Eqs. (1.11) and (1.7), sums up all
the leading large string tension contributions at each order in g]. The O(\/IN) term in Eq. (1.12) should correspond to the

two-loop contribution.

Indeed, summing up the contributions of the M2-brane fluctuations near AdS, x S', one finds a generalization of the

string one-loop contribution in Eq. (1.4) [4]:

W) = eTie=Sw[1 + O(T, !

1)?)ldet(-V2 + £ + (&

(1.16)

-3 ) e,

— 1)) det(~V? + K2

l\)l'—‘

_ [det(=V2 + B2 4 (5 1
" det(-V?

+ 1 (kn =2)(kn — 4))[det( V2 + Lkn(kn +2))?

T+ (9 (1.17)
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Here, n labels the modes of the M2-brane fluctuations
expanded in o5 (identified with an S' coordinate with radius

\/%) that propagate on AdS,. The n = 0 level corresponds

to the string-mode contribution in Eq. (1.4) in the AdS,
case (p =4).

In contrast to the string case in Egs. (1.5) and (1.6), f, in
Eq. (1.16), which corresponds to a 3D theory should not
contain log UV divergences—i.e., it should be given by a
finite expression (once computed using {-function regu-
larization that removes power divergences). Indeed, the
coefficient of the log A term in Eq. (1.5) here is replaced by

= _é‘tot(()) IOg A,

M 21—1+2CR 0) =

n=—oo

(1.18)

The remaining terms take the form (for & > 2) [4]

k
= —log4 +log(§sm7> (1.19)
_r 1
e =, (1.20)
2sint
where we have used sin(zx) = zx [[$ (1 - fl—i) and
- kn k k
2,,§=:llog7 = 207(0) log — 20(0) = —log .
1 , 1

(r(0) =5, Cg(0)=—7log(22).  (1.21)

Equation (1.20) reproduces the prefactor in Eq. (1.12)—
and, in particular, the leading string one-loop factor in
Egs. (1.8) (with p =4) and (1.7).

Thus, the M2-brane “uplift” of the GS string [29]
effectively provides its consistent definition—i.e., the
required measure contribution that cancels the log A term
in (1.5) is at the same time replacing it with the required

\/E term in Eq. (1.8), in agreement with Eq. (1.7) [which

here automatically includes the o factor; cf. Eq. (1.13)].

As we shall see below, a similar result is found also in the
AdS; case, where the M2-brane probe will be wrapping
AdS, x S' in AdS; x §* x T* x S'.

B. Results

Our starting point will be the %—BPS M2-MS5 solution of
11D supergravity [22,30] with the harmonic functions

Q Q

Q, = f%@'le, Qs = iu ‘Qs, (1.22)

w=w—+2nu,
(1.23)

D= 00,0304, Yp =Yyp + 270,

where y, (p =1,...,4) are the angular coordinates (with

dimensionless radii v,) of T* along M5 not shared with
M2, u is a dimensionless radius of the S! coordinate w, and
0, and Qs are integers (see Sec. II).4

The M2-MS5 solution reduces to the D2-D4 solution of
type-1IA theory, provided the 11th coordinate is identified
with one of the T* coordinates (denoted below as y,), so
that v, is related to the asymptotic value of the type-IIA
string coupling g, (see Appendix A):

2/3
1}4:,93'/,

£, =Vd.

Ry = v4p = g7,

tp = gt (1.24)

In the near-horizon limit, the 11D metric becomes that of
AdS; x §3 x T3:

dsi) = L*(dsygs, + dsgs) + R*dy,dy, + Rydw?, (1.25)
= (293)'"3, = 39,9513,
R} = f%(QZQS )23, (1.26)

The effective dimensionless tension and the action of the

M2 brane wrapped on AdS, C AdS; and y4 =y, + 2704
are given by [cf. Eq. (1.14)]
1
T, = L>RT, = —— Vi ,
2 2 (27)? \/@— 0,05
Sz = (=27) (27v4) Ty = ——=1/0,0s. (1.27)
VvV ou

Let us introduce the parameter « proportional to v; ! that is

the analog of k, which determines the square of the
2

effective radius # of the 11th angular direction in the

AdS, x §7/Z, case—i.e.,

*The dimensionless moduli parameters v, vy, and u that will be
related to similar parameters of D2-D4 and D1-D5 10D solutions
(cf. Ref. [31]) may be set to 1, but it is useful to keep their values
generic.
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1 Rg 1 2 1
= —_—= > =
LAdS4k k K

R ’U4Lﬂp
—vy =
L

El

5

Kads,
1 —
T va/u Cs

The expansion in large T, for fixed x (and moduli 7, vy, u)
is thus the expansion in large Q, for fixed Q5. Taking «

(1.28)

Eq. (1.24) small.

The computation of the one-loop correction to the
M2-brane partition function described in Secs. III and IV
below leads to the following analog of the AdS, x S7/Z,
expressions in the case of Eqs. (1.16) and (1.17):

W) = eTie=Sw[l + O(T, )],

X, =

1 0
large corresponds to shrinking the size v, of the 11th ) Z log X,,, (1.29)
dimension or taking the type-IIA string coupling g, in e
|
[det(—V2 +1R® +1(m, + 1)2)][det(=V? + 1R® + L (m, — 1))
[det(=V2 + 1 + m,, + K2n?)]p[det(=V2 + 1 — m,, + 2n?)]2[det(=V? + 2n?)?
m, =\ 1+ 4K’n?. (1.30)

The n = 0 part here is the same as the AdS; x S® x T* string
contribution (p = 3) in Eq. (1.4).

As a result, using the {-function regularization as in
Eq. (1.21), we conclude that the log-divergent part of I
again vanishes as in Eq. (1.18) so that I'; is finite.

Assuming that « is large enough’ (x* >3, so that
m, > 2)—which, according to Eq. (1.28), is the case if
vy is small or Qs is large, which corresponds to the
perturbative type-IIA string-theory regime—we will find
that after some nontrivial cancellations [that are due to
underlying extended (4,4) 2D supersymmetry of the spec-
trum in Eq. (1.30); see Secs. 11l and IV],6 fl in Eq. (1.29) is
given simply by [cf. Eqs. (1.20) and (1.21)]

. 1 - K
I = —=log(27) + ) log(k?n?) = —log——.

The first (n = 0) term is the same as the finite part of the
string-theory (p = 3) contribution in Eq. (1.6).

For smaller values of k2 = v7?u~! Q5 < (corresponding
to nonperturbative string-theory or M- theory regimes), I,
in Eq. (1.31) gets modified according to Eqgs. (4.18) and
(4.17), as discussed in Sec. IV below.

Thus, for x > \ﬂ, the one-loop M2-brane partition

(1.31)

function in the AdS; x S® x T° case is given by

W) = et = el + O(13))
VOs o0, |
_\/ﬁvfr 1+ O(T5Y)], (1.32)

>This condition is somewhat analogous to k > 2 in the AdS,
case in Eq. (1.19).

®As discussed in Appendix D, an extended 2D supersymmetry
is also responsible for the simplicity of the result in Eq. (1.19) in
the AdS, case.

where O(T;!) stands for a possible two-loop M2-brane
contribution.

As in the AdS, x §7/Z, case, we find again that the
M2-brane generalization “regularizes away” the one-loop
divergence of the GS string in Eq. (1.5), replacing it
with the expected [20] finite one-loop prefactor propor-

tional to \/% [cf. Egs. (1.7) and (1.8)]. Compared to the

result in the AdS, x S7/Z, case [Eq. (1.20)], where
s = £ [1 + O(%)], we do not get any subleading 1/x
k
corrections in Eq. (1.32).
The effective string tension and the “near-horizon” value
g, of the string coupling (dilaton) in the corresponding

AdS; x $3 x T* type-IIA background, which is the limit of

the D2-D4 solution, are given by [here, Q5 = Q,; see
Eq. (1.24) and Appendixes A and B]
HOA:T = 2zv,T WV
TV4ly = Py V10,03 0,05
= , 1.33
27;\/ﬁ V0205 (1.33)
Gs
S:SM2:—2HT:—\/W\/Q2Q5, (1.34)
V= V|V,V3, u=¢;"u,
vi =, lep =g =123, (1.35)
u Q2 T K 1
——=——=1/05. (1.36
\/> gs V2n Vv 2”gsu QS ( )

Here, T = %;2, with L2 = /9, s being the AdS; radius

in the type-IIA metric in Eq. (B5), and g, = e, with g,
being its “asymptotic” value, and we have redefined the
moduli parameters so that the corresponding 73 x S! radii

126006-5
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in the 10D metric are “measured” in units of #;. Then,
Eq. (1.32) takes the form [cf. Eq. (1.24)]

@ EZ”T

S

W) = [1+O(T; ). (1.37)

Compared to the AdS, x S7/Z, case [Egs. (1.12) and
(1.13)]; here, surprisingly, we do not get any leading large
tension corrections (gZT~!)” at higher genus orders.

One may speculate that further T;' contributions in
Eq. (1.32) may also be absent so that the result for the
1-BPS WL in the AdS; x $* x T* string case may be one-
loop exact (like the central charge).

Expressed in terms of the parameters of the AdS; x
§3 x T* solution in type-IIB string theory, which is the
near-horizon limit of the D1-D5 background T-dual [along
the w circle in the 10D limit of Eq. (1.25)] to the D2-D4
type-IIA solution, we get, instead of Eq. (1.36),

/

9s g T ol on=l ]
27[\/\;/7 QZQS’ V=vu -, gg=u g,

IIB:T = (1.38)

/ s 0, VT 1 4|05
= ==, =——4[=24/0s, 1.39
& VI Qs g 2z \ O ¢ (1.39)

where O, = Q; (see Appendix B), and primes are used to
indicate the type-IIB parameters. Under the T-duality,
v =u"" and ¢ %u' = g;%u, where ¢, is the type-lIB
asymptotic string coupling. We also defined ¥/ = vu’ as
the dimensionless volume of 73 x S'.

One may also consider an analog of the AdS, string
minimal surface in a AdS; x S® x T* background sup-
ported by a “mixed” combination of RR and NSNS fluxes.
We will discuss the corresponding 11D background and
find the AdS, x S! M2-brane solution that generalizes the
string-theory one in Ref. [32] in Appendix E. The corre-
sponding one-loop correction turns out to have the simple
form (1.31) with a rescaled parameter «.

There are several generalizations of the present work.
One may compute the two-loop string and also two-loop
M2-brane corrections to the WL expectation value follow-
ing the approach of Ref. [33]. It would be interesting also to
use the semiclassical M2-brane approach to find “non-
planar” corrections to anomalous dimensions of non-BPS
operators, as was done in the ABJM context in Refs. [6,8].

Tt is interesting to note that a similar result was found in
Ref. [10]. This work studied a %—BPS Wilson loop for a class of
N > 23D Chern-Simons matter theories dual to AdS, x SE’/Z,
backgrounds. In certain cases of SE’/Z, spaces, it was found that
the one-loop AdS, x S' M2-brane partition function is given just
by the leading string-theory one-loop contribution.

II. M2-MS SOLUTION AND ITS
AdS; x S3 x TS LIMIT

Our starting point will be the 1-supersymmetric 11D
supergravity solution representing intersecting M2 and M5
branes [22]:

ds%l :H;2/3H5_1/3(dx%+dx%) +Hé/3H§/3<dr2+r2dS§3)

+ Hy H;Pay? + B P HY aw?, (2.1)
Fy=dC;=(idH5' Adxy A dx; —x,dHs) Adw, (2.2)
H2:1+%22, H5:1+%25,
I T
Q, =070y, Qs = pu~" Os. (2.3)

We consider the Euclidean signature of the metric (see
Appendix A) and assume that the four “noncommon” y,
(p =1, 2, 3, 4) directions of M5 and the w direction of M2
are compactified on 7% and S', respectively—i.e.,

w = pw,

Yp =CpYps Yp =y, + 210,

w=w+27xu, D= v v030,. (2.4)
Here, £p is the 11D scale, so that y,, w, v,, u, and v are
dimensionless. The charge quantization condition implies
that O, and Qs are integers.

In the “near-horizon” limit—i.e., dropping 1 from H,

and Hs in Eq. (2.3)—we get the AdS; x $3 x T? solution®

dsi) = L*(dsigs, + dsg) + R*dy, + Rydw?,

F4 = Q.LZIQW(Z.VOIAdS3 + VOlSS) A dW, (25)
l 2\ 1/3
L2 = (Q, Q%) = /3 (szQAs) ,
u’d
1/3
R — 2 -11/3 _ 22 Oou
995 P<Q5@ ’
RZ = SR~ (2.6)

The (Euclidean) AdS; metric originates from Eq. (2.1) in
Poincare coordinates and can then be transformed into global
coordinates. We may rewrite Eq. (2.5) as (i =1, 2, 3)

ds* = L*(dsjgs, + dsg + dy'} +dw? + xk2dg?),

Fy = 2L%(ivolpgs, + volg) A dw/, (2.7)
v = L7'Ry,, w = L7'R,w,
» =]y, =@+ 2n, x'=L""Ro,, (2.8)

*We shall use the notations vol(M) and voly,, respectively, for
the volume and the volume form of space M.
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(1+172)? dz?
dst o = 4% o 4 G
AdS; (1 _ %Z2>2 AdS, (1 _ %12)2
dqg®dqg*”
ds?, = 41 a=12,3, (2.9)

(1+34°9°)*

where AdS; and S* in Eq. (2.9) have unit radii.

The M2-MS5 solution is related by dimensional reduction
(along a T* direction y, = v,4¢) to the 10D type-IIA D2-D4
solution.” It is, in turn, T-dual (along w) to the type-IIB
D1-D5 solution having the same numbers of respective
branes or integer charges and related values of moduli
parameters (see Appendix B).

III. AdS; x S! M2-BRANE SOLUTION

Our aim will be to compute the one-loop M2-brane
partition function expanded near the AdS, x S' minimal
surface. We shall assume that S' corresponds to the
v4 = v4¢ direction in Eq. (2.4). If y, is identified with
the 11th direction, then the “double-dimensional” reduction
will lead to a type-IIA string wrapped on AdS, in
AdS; x §3 x T3 x S', which is the near-horizon limit of
the D2-D4 solution.

We shall consider the M2-brane solution for which two
of the world volume coordinates ¢!, 62 are identified with
the AdS, coordinates inside AdS; in Eq. (2.9) (with AdS,

|

LY =

N[ =

located at z = 0), and the third one 6> = 6> + 27 with the
angle ¢ in Eq. (2.7). One can check that such an M2-brane
configuration solves the equations of motion and is a %—BPS
case (see Appendix C).

The value of the classical M2-brane action in Eq. (C1)
is then

SM2 = T2L3(27[K_1)V01(Ad82)
= To(2m0)(=20) = == /0:05. (31)

where T, = L?RT, is the effective dimensionless tension,
as in Eq. (1.27). Note that the potential C; corresponding to
F, in Eq. (2.5) does not contribute to the classical value of
the action.

We shall consider fluctuations near this AdS, x S'
solution fixing the static gauge, as in, e.g., Ref. [4].
Representing the induced 3D world-volume metric as

h,ynde™do" = ﬁmﬁdaﬁ’daﬁ +hy3do’de’,

hyy=x"2, mn=1273, m,n=1,2, (3.2)
where fzﬁ,ﬁ is the unit-radius AdS, metric and ¢ = ¢ is
2r-periodic, we get from Egs. (2.7) and (2.9), for the
“volume” part [cf. Eq. (C1)] of the bosonic quadratic

fluctuation Lagrangian,

(3.3)

Here, z and ¢,, are fluctuations of the coordinates in Eq. (2.9). We thus get one massive and 3 4 3 + 1 massless 3D fields

propagating on AdS, x S'.

The contribution of the WZ term to the fluctuation part of the M2 action [Eq. (C2)] is found by choosing the potential Cs,
corresponding to 4, in Eq. (2.7) as C3 = 2L3(iv01AdS3 + volg )W, so that Cg)z = —2kw'd3z + - - -. Then, the total quadratic

bosonic fluctuation action may be written as T,v4 [ d%’\/ﬁ(ﬁg ) 4+ L@Z), where

1. )
Lo=LP 4+ 28 = 51072052 + K2(052) 4222 + "W 5w + K2 (93w')? — w02

+ athaatha + K2 (63Qa)2 + afny;arhyi + K2 (63)72)2}

(3.4)

To diagonalize the (z, w’) part of the action, we may expand the 3D fluctuation fields in Fourier modes in &3, thus replacing
03 — in, n =0, %1, .... Then, the (z,,w),) kinetic operator becomes

-V2 +2 4 k%n? ikn -V2+ M. 0
ﬁ bl
—iKkn -V2 + k*n? 0 V2 + M3 _

Mﬁi =14+ &2n2 + V1 + 4*n?,

nez,

Reduction along the w direction leads to the NS1-NSS5 solution.

"%We scale out the overall factor of T, in the quadratic action.
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where V? is the AdS, Laplacian. As a result, the bosonic part of the one-loop M2-brane partition function is represented by
the contributions of eight towers of bosonic modes in AdS,:

Zig= [ [det(=V2+ M2, )}[det(—V2 + M3 )] 3[det(= V2 + x2n2)] . (3.7)
n=0,%1,...

The n = 0 contribution here is the same as the 10D string contribution in Eq. (1.4) with p = 3.
The quadratic fermionic part of the M2-brane action in Eq. (C3) may be written as'!

s¥ =T, / doVhorm(1 -T,)D,,0. (3.8)

emnnp

F){ an ’
3Wh r

The explicit form of the spinor derivatives is given in Appendix C. Using underlined indices for tangent-space components
of Dirac matrices I'* and labeling ¢ in Eq. (2.7) as the ninth direction, we observe that I', = e [T, Dm] = 0, so that the
Lagrangian in Eq. (3.8) can be written as 81" (1 —T,)D,,0 = 81" D,,[(1 —T,)8]. We fix the x-symmetry gauge by the
condition 1 (1 —T,)6 = 6. Then,

" = pmo, X Ty, D,, =0, X"D,,. (3.9)

. = 1.
st :2iT2/d3a\/E9F’"Dm9~/d%\/Z[HF’"VmH—EGFM(I — i[U2345)g] (3.10)

where "V, = "V, +I"0; corresponds to the Dirac operator for the AdS, x S! metric in Eq. (3.2). As in the AdS, x
§7/7, case [23], expanding in Fourier modes in ¢ the resulting fermionic Lagrangian may be written in terms of towers of
complex 2D fermions v}, y;, (r = 1, 2) propagating on AdS,:

2 - r i r =r i r 1 - r r 1 =r r 1 —r o 1 =r r
o= Y {w_np’”vmwn + 2P Vidth S U2 S H TPl = 5 Wt = S XV
n=0,%1,...
s = £1 —2kn. (3.11)
Here, p°, p' = (6,,6,) and p*> = 65 are 3D Dirac matrices (6; are Pauli matrices).

Computing the fermionic determinant corresponding to Eq. (3.11), we get the following contribution to the partition
function [cf. Egs. (3.6) and (3.7)]:

. 1 2 1 2
Zip = H {det(—vz + ZR(Z) + Mﬁ,+>] [da(—vz +1R<2> + Mﬁ,_ﬂ , (3.12)
n=0,%1,...
1 1
M”*+:§( 1 +4k’n® + 1), /\/l,,,_zi(\/1+41<2n2—1), (3.13)

where —V?2 + %R(z) is the square of the Dirac operator on AdS, (R = —=2). The n = 0 contribution (with M(Z)’ L. =1)in
Eq. (3.12) is the same as in the p = 3 case of the string partition function in Eq. (1.4).
Combining Egs. (3.7) and (3.12), we get for the one-loop M2-brane partition function

[det(—V2 + 3R + M | )P[det(-V? + 3R + M7 )P
wmocti... [det(=V2 + M} )P[det(=V2 + M}, _)P[det(=V2 + 2n?)

7, = (3.14)

Note that due to the residual AdS, supersymmetry that should be present in the quadratic fluctuation spectrum after fixing
the static and »x-symmetry gauges (cf. Refs. [4,19,23,34]), the bosonic and fermionic modes for each level n # 0 should

"Here, we formally continue to the Euclidean signature so that the resulting fermionic differential operator can be defined on
Euclidean AdS,.
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form long, massive N = (4, 42 supermultiplets of p8u(1, 1|2), with the bosonic and fermionic masses of the 8 + 8 modes

related by (see Appendix D)!
mi: A(A=1) (1mode); (A+1)A (6 modes); (A+2)(A+1) (1mode); (3.15)
|mg|: A(4 modes); A+ 1 (4modes). (3.16)

These relations are indeed satisfied for the spectrum in Eq. (3.14) for A equal to

(m, —1), m, =1+ 4’n?. (3.17)

An =

N =

The bosonic modes have 1D scaling dimensions 1 x A,, 6 x (A, + 1), 1 x (A, +2). The condition A, >1, which
corresponds to the choice of the A = A, =1 (1 + /1 + 4mg) branch above the BF threshold (i.e., the Dirichlet boundary
conditions as appropriate for the 2D fluctuation fields) is satisfied, provided m,, > 2. This applies for all n* > 0 if k* > 3.

A check of consistency of the above spectrum with the AdS, supersymmetry is the vanishing of the total AdS, vacuum
energy [4,19]. Using the fact that Eg = —§ (m} + 1), Er = § (m} — {5), we get for the spectrum in Eq. (3.14) (for each value
of n=0,%£1,...)

" 1 11
EW = ~ 3 | M M 6 — 40— AM] 4 8 x <g + E)} = 0. (3.18)

IV. ONE-LOOP CORRECTION TO M2-BRANE PARTITION FUNCTION
Starting with Z, in Eq. (3.14), we find [cf. Egs. (1.5) and (1.18)]

A 1 A N _

Fl :—Elogzl :Floo+rl’ (41)
- = n n 1 74 (n
Plow==> B logA,  BY :E/d%\/ﬁbg ), (4.2)

where the Seeley coefficient b, for a 2D operator —V2 + X is given by b, = tr(:R? — X). Using vol(AdS,) = -2z and
R® = -2, we then get from Eq. (3.14) [cf. Eq. (3.18)]

n 1 n
A [Mz,+ + M2_ 4 6k%n? — 4 M2, — 4 M2 _ — 8 x ZR@)} =-2, BV —1. (4.3)

2 tot

Thus, for each n, the contribution of the bosonic and fermionic modes to the logarithmic divergence has the same universal
value as in the string (n = 0) case [20], and as in the M2 brane in the AdS, x S7/Z, case [4]. Summing over n, we then get,
as in Ref. [4], that B, o = {(0) = 0—ice.,”

[ = —logA i 1 = —log A[l 4+ 2¢x(0)] = 0. (4.4)

n=-—o0o

Using, as in Refs. [19,20,35], the AdS, spectral zeta-function regularization to compute finite parts of log determinants of
differential operators in Eq. (3.14), we get

”’Note that for bosons and fermions belonging to N = (1,1)AdS, supermultiplets, one has m% =A(A—1), mg=A, so that
2 2
mg = Mg — Mg.
“The use of Riemann zeta-function regularization is consistent with the expected absence of one-loop logarithmic divergences in a
3D theory and is part of the definition of the M2-brane path integral (cf. standard quantum mechanics path integral).
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N 1 &
I = _En:z_:oo C(ot.n(o)v (45)
Clotn(0) = C5(0: M3 1) + (5 (0: M7 ) + 605 (0:6%n%) + 4L5 (0 M, 4 ) + 4L:(0: M, ), (4.6)
: 5 1 i+ 1
(B(O;mB):—ﬁ(l—l—logZ)—HogA— dxy \/)_H_E , (4.7)
0

1 i

Gh(0im) = = g+ 21og A + ] + [ dxy(), 48
0
d

where A is Glaisher’s constant. The integrals of y(x) = -logI'(x) can be written (after integration by parts) in terms of the
Barnes function G(x) (see, e.g., Ref. [36]):

mg+ 1 1 1 1 5 1 _ 1 1
/0 dxz//<\/)_c+2> :2\/m%+4logF<\/m%+4+2> +Elog2—|—§log7z+3logA—2y/( 2><\/sz —|—4+2>,

(4.9)
[ axw (V) = 2l tog P(mel) - 252 () (4.10)

(-2) i ! !
w' ™ (z) = A dxlogI'(x) = EZ(I -2) —O—Ezlog(Zn') + (z—1)logI'(z) —log G(z). (4.11)

Using the notation m,, = /1 + 4x”n* and considering the case of m,, > 2, which applies for all n* > 0if k? > 3, we may
express all {’(0) values in Eq. (4.6) in terms of m, as'?

1 1 1 m, — 1 m, — 1 m, — 1
1 (0;x2n2) = —— + =m,, log(27) — 2log A — — (m2 — 1) — log——— — 3log " —~ ~21 "
0w = ) 210z o2 ) (71) g (70,
20 M2 ) = = 4+ L, —2) log(27) = 2108 A = L (m, = 3)(m, = 1) —tog T (2= L) Z210g G (M=
BYS s 12 24" 44" " 2 2 )
11 1 1
Eu0: M3, ) = ==+ 5 (m, +2) og(27) — 2log A — 1 (m, +3)(m, + 1) ~ log "L,
m, — 1 m, — 1 m, — 1
—3log——— —5logI'( —~ —2logG(——), 4.12
0g—> og < 5 > og < 5 > (4.12)
1 -1 1 -1 ~1
CH O M, ) = —— — 2" log(27) + 2log A + ~ (m, — 1)? + 2log I'[ 2 +2logG( M),
* 6 2 4 2 2
, I m,+1 1 2 m, — 1 m, — 1 m, — 1
CF(O;M,,,Jr):—E— 7 10g(27z)+210gA+Z(mn+1) +2log 5 +4logll 7 +2logG 5 )

where we have used I'(y + 1) = yI'(y), G(y + 1) =T'(y) G(»).
Substituting these expressions into Eq. (4.6), we observe some remarkable cancellations, so that the final result for k> > ‘—31
is just

1
Clotno(0) = log(27), Clotnzo(0) = —log [Z (m2 — 1)} = —log(n’k?). (4.13)

"“In general, the ¢'(0) values contain terms like log F(w) that are sensitive to the sign of m,, — 2. The n = 0 case corresponding

to my = 1 in Eq. (3.17) can also be treated separately [cf.qu. (1.6)].

126006-10



WILSON LOOP IN ADS; x §* x T* FROM... PHYS. REV. D 113, 126006 (2026)

Thus, Eq. (4.5) takes a very simple form [cf. Eq. (1.21)],

A 1 =
I = —Elog(Zﬂ) + Zlog(nZKZ) = —log——

> Nors (4.14)

where we have again used the Riemann zeta-function regularization [cf. Eq. (1.21)]. The one-loop partition function is then
given by the same expression as in the string-theory case [cf. Egs. (1.8) and (1.37)],

Zy=eti=——. (4.15)

The reason for the cancellations leading to Eq. (4.13) can be traced back to the (4, 4) supersymmetry of the mass spectrum in
Egs. (3.14)—(3.17). Indeed, considering the contribution of a single (4, 4) supermultiplet in Egs. (3.15) and (3.16), we find
for its one-loop contribution [cf. Eq. (4.6)]"

ora(0) = Cp(0; A(A = 1)) +6{5(0; (A + 1)A) + {5(0; (A +2)(A + 1)) + 485(0; 4) +4R(0; A 4 1)
=2+8A—4log2x+ (6A+ 1)logl'(A) + (2 —4A)logI'(A + 1) — (2A + 3) log'(A + 2)
— 6y (A) + 4y (A + 1) + 2D (A +2) = —log(A(A + 1)), (4.16)

where we have assumed that A > . This result is equivalent to Eq. (4.13) if we set A equal to A, in Eq. (3. 17)

Thus, the simplicity of the result in Egs. (4.13) and (3.1) is due to the extended p3u(1, 1/2)AdS, supersymmetry of the
world-volume action. Similar observation applies (though in a more nontrivial way) to the case of an AdS, x S! M2 brane
in AdS, x S7/Z, considered in Ref. [4]. As we discuss in Appendix D, the nontrivial cancellations in the one-loop effective
action in Egs. (1.16) and (1.17) leading to Eq. (1.19) can be understood as a consequence of underlying 8u(1,1|3)
supersymmetry

When «?2 < , we find that I"; in Eq. (4.5) contams a finite number of terms with |n| = 1, ..., n, [where n, = n,(x)] such
that m,, < 2. Then instead of Eq. (4.13), we get'’

! _ _ G(%) 3+ my 3— my
Conen (0=, = (2 myboor) 2o 2 —og | (57 (757 ) | (4.17)

Then [cf. Eq. (4.14)],

n* n*

I :——log (27) — Z{ ¢, +log(n }—kZlog :—log Z{ ¢, +log(n )} (4.18)

n=1 n=1

The plot of T, in Eq. (4.18), as a function of « in the special case of x € (‘/Tg‘/g) when n, = 1, is shown in Fig. 1.

We conclude that, while for large enough values of the parameter x in Egs. (2.8) or (1.28) (corresponding, e.g., to a small

value of v, = gf/ 3

—i.e., to the perturbative type-IIA string regime) the one-loop M2-brane partition function is given by
Eq. (4.15)—i.e., it does not contain subleading x~! corrections—for smaller values of x < @ (corresponding to a genuine

M-theory regime), it is given by Eq. (4.18). Similar results are found in the mixed flux case, as discussed in Appendix E.

Here we use again Eqs. (4.7)~(4.11), with y2)(z + 1) = y(2)(z) — z + llog 2z + zlog z and T'(z + 1) = zI'(z).

"®Note that in the case of an A/ = (1,1) multiplet of one boson and one fermion in AdS, (cf. footnote 12), one finds
K_,‘B(O,A(A 1)) =—%-1tlog2r—2logA—(2A - 1)logI'(A) + 2y =2 (A) —2A —log A, (1(0;A) = =14 2]og A + A + 2AlogI'(A)—

“2)(A), so that the analog of Eq. (4.16), {5(0;A(A — 1)) 4+ ((0;A) = =1+ A + Llog 27 — logT'(A) —log A, still contains a
log F(A) term.

""This case is somewhat analogous to the special cases of k = 1, 2 values in the AdS, case [4].
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FIG. 1. TI',(x) in the interval ? <K< ‘/75
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APPENDIX A: 11D SUPERGRAVITY ACTION
AND REDUCTION TO 10D

The bosonic part of the action of 11D supergravity is
given by

(Al)
1
Fy=dG;, |F4|2:EFMNPQFMNPQv 21y = (27)% 5.
(A2)
The 11D metric of M'" x S! may be written as
ds?, = e ds?, + e (dx" + C,dx")?,
XH EX“ +271'R11, (A3)

where ds?, is a type-lIA string-frame metric, and
¢ = ¢ — by, where ¢y = log g, is the asymptotic (large-
distance) value of the dilaton, so that in the flat-space limit,
both ds?, and ds?, have the standard Minkowski form.

Then, the relations between R;; and the asymptotic string

cougling g, and also the string and membrane tensions
1

are

Rll - gsf - 92/3KP7 f - 91/3{5’
27R 1
T, 2d=(2n)F, (A4)
2K7, 2Ky
T ! T ! T =2zR T (AS)
= > 2= T30 = &KL .
2nt? (27)%¢3

The resulting 10D type-IIA supergravity action may be
written as

SIOA

ol
1

LRI+ 1) + ]

d"xv/-G { 2% (R +4(0p)* - % |H3|2>

21('0

- B IR - (26)

where ¢? = g,e? and F,=g;'F,.

In Sec. II, we con51der the M2-M5 11D solution
[Eq. (2.1)] with five isometric toroidal directions. We
use the following notation for the coordinates of 7° with
a flat asymptotic metric'’:

dsis = dy,dy, + dw?, (A7)
y, = fpyp =y, + mepvp,
W =W+ 2ntpu, p=(i,4), i=1273 (A8)
yp:fpyp, w = pw, ypEyp+27tvp,
w=w+ 2nu, D= v v030,. (A9)

In reducing to 10D, we shall identify y, direction with x!!
in Eq. (A3), so that according to Eq. (AS),

Ry = Cpuy, vy = gs/ . (A10)

"8 Alternatively, one may replace ¢ in Eq. (A3) with the full ¢,
and then do constant rescaling of the 11D coordinates to put the
11D metric into the canonical flat-space form. In general, the
vacuum expectation value of the metric may be chosen as ¢y,
where ¢ will be related to ¢, if the 10D metric has canonical
form. In that case, R;; =¢p = ¢, (see, e.g., Appendix A in
Ref. [37]).

For notational simplicity, we will not distinguish between y,
and y”, etc.
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We shall also define the following dimensionless parameters:

v, = 7w, = g0, vy =5 vy = g, =7 pu = g u, (A11)

R -1/3
D= vv0304 = g5 By, V =V VyV3. (A12)

APPENDIX B: D2-D4 AND D1-D5 SOLUTIONS

The dimensional reduction of the M2-M5 solution [Egs. (2.1) and (2.2)] on the y, direction gives the D2-D4 solution of
type-IIA supergravity action [Eq. (A6)] that can be written as (i = 1, 2, 3; £, = V') [22]

dsto, = Hy PH7' P (dxg + dd) + HYPH (a4 Pask ) + By H; Pay? + 03P HPaw, (B1)
F, = g7 (idH3" A dxg A dx) —x4dHy) A dw, €2 = ZHY?H]'?, (B2)

Q Q Lﬂ2 52
H2:1+r_22’ H4:1+r—24, QQZQSTSQz, Q4=gSTSQ4, V = ViVyV3. (B3)

Here, O, and Q, = Qs are the same as in Eq. (2.3), and we follow the notation introduced in Eq. (1.35) and Egs. (A11),
(Al12)—i.e.,

yi=yi+2atv,  w=wH2ntu,  vi=g"v, u=g"u (B4)

Taking the near-horizon limit and rescaling x, and x;, we get the AdS; x $3 x T3 x S! type-IIA solution™:

A%y = /0305 (dskgs, + dst) + \/%jdy% +y %;‘dwz, o — g2 — g%,/%, (B5)

F, =2¢;'0, (ivolAdS3 + v0153> A dw. (B6)

The corresponding string coupling g, and dimensionless tension T are thus as in Egs. (1.33) and (1 36)*"

2 __ 92 E % _Lg_\/QZQ4_ 9y /
gs_gs\/;\/;’ T_27nﬂ%_ Zﬂf% _271_\/@ Q2Q4- (B7)

Similarly, the D1-D5 solution of type-IIB supergravity may be represented as

dstop = HyH3 P2 (dxd + dxd) + HYPHY? (a2 + Pds ) + HYPHS Pay? + HYPHS Pawe, (B)
F3 = ‘d:l(ldHl_l VAN d)CO A dxl —_ *4dH5), €2¢/ = gngle_l, (Bg)

Q £?
H1:1+r—21» H5:1+r—25» leds\;Ql’ Qs = ¢i£30s, (B10)

where ¢, is the type-1IB asymptotic string coupling, and

yi =y, +2ntv;, w=w 4 27280, V = V[VyV3, vV =wu'. (B11)

**Note that the volume of the 4-torus (y;, w) in the near-horizon limit, given by vol(T*) = (2z)*¢* %jvu = (2n)*¢} %uz, does not
degend on the original 3-torus volume parameter v.
'Note that if one formally chooses Q, = Q,—i.e., v-'Q, = u~'Q,, so that g, = g,—then T = g,u~'Q,.
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The D2-D4 [Eq. (B1)] and D1-D5 [Eq. (B8)] solutions are related by T-duality along the w — w’ direction, with the radii
measured in units of Z, being related by u’ = u~!, and the dilatons (and thus also the asymptotic string couplings)
transforming as ue=2? = u’e=2* (and the RR potentials related according to the standard rule; see, e.g., Ref. [38])—i.e.,

/ -1 o/ -1

v =ul, V' =vul, g =ulg,. (B12)

The harmonic functions are related by H, = H,, H, = Hs.
The near-horizon limit of Eqs. (B8) and (BY) gives the AdS; x $3 x T3 x S! IIB solution supported by the RR flux*:

dsiop = Q195 (dszzxds3 + ds§3) + g;(d}’? + dw'"), e = gi‘zg;’ (B13)
F3 = ngv_l QS (l VOlAd53 + VOlS3>. (B14)

The corresponding string coupling g/ and dimensionless tension T’ here are as in Eqgs. (1.38) and (1.39)%:

12 g/Y Ql Y Ql QS %
- i poV - V0,05 B15
g /—{1/ QS 271_5% 0 /_O/ QIQS ( )
APPENDIX C: SUPERSYMMETRY OF AdS, x S! M2-BRANE SOLUTION

The bosonic and quadratic fermionic parts of the M2-brane action in the 11D supergravity background may be written as
(using Euclidean signature) [27]

Sp=Sy+Swz., Sy=T, / dBovh, = 0,XM0,XNGyn(X), (C1)
Swy = —%TZ / e Cyppp(X)0,,X10,XV 9, X7 (C2)
Sg = iT, / d%[\/ﬁh"mameérMi)ne - %6’"""6,,,XM0,,XN9FMND,(9 , Ty = E\Ty,
. . . 1 1
Dm = amXMDMy DM = DM - @ (FPQRSM + 8FPQR5]S;4)FPQRS, DM = aM +ZFABCO?/IB‘ (C3)

To preserve supersymmetry, an M2-brane solution X¥ (o) should satisfy

I'e=¢e, I, = mgmnpamXMOnXNapXPrMNp, (C4)

where € is a Killing spinor of the background,

To show that the AdS, x S' M2-brane solution preserves half of supersymmetry, let us first find explicitly the solution of
Eq. (C5) for the Killing spinor in the case of an AdS; x S x T3 background in Eq. (2.5), with AdS; and S* parametrized as
[cf. Eq. (2.9)]

dsigs, = cosh*{(cosh*Edn? + d&%) + dg?, ds3y = dp* + sin*pda’ + cos’pdfp*. (C6)

“Like in the above D2-D4 case, the volume of the 4-torus (y;, w) in the near-horizon limit takes the form vol(T*) = (2z)*#* %; 9 =
(2m)*et % and thus is fixed—i.e., it does not depend on the original 4-torus volume parameter ¥ [1,2]. )

23Ifonesformally sets Q; = Qs—i.e., ¥ 'Qs = 0, and g4 = \/lyg/s (as, e.g.,in Ref. [14])—then g\ = ¢, and T' = ¢. Qs = g¢+/O; Os.
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We shall label the 11D coordinates as X = (X, X!, ..., X10) = (n,&,&,p, o, B, y', y?,¥°, y*, w). The underlined indices
will stand for tangent-space components. Then, Eq. (C5) may be written as

1 1 )
Sy, = 0,€ + 3 sinh &MY+ Ecoshfsinh (T%2e — écoshé’cosh ri2or, —2)e =0, (C7)
! :
51//4: = 656 + ESil’lh CFQE - éCOSh Z_,TM(F* - 2)6 = 0, F* = iF012345, (C8)
[ 1
Sy = Oge — érw(r* —-2)e=0, Sy, = 0,€ — gf‘@(f‘* —2)e =0, (C9)
1 1
SW, = 046 — 5 cos plrte + ¢ sin pI'310(T, — 2)e = 0, (C10)
1 1
Syy = dﬂe—kisinpl“ﬁe—gcospl“w(l“* —2)e =0, (C11)
Sy, =0, e— 20, DO 4 1)e=0, 6y = 06 — ——TH(T, + 1)e = 0 (12)
Wy, = Oy, 6L Y * RS Vw = Ow 6LR? : -

We shall consider the Killing spinor to be constant in the T° directions (y »+W) by choosing a projection
Ie=—¢, (C13)

so that the equations in (C12) are satisfied. It remains to solve the six equations in (C7)—(C11). As the two components of
Q) in Eq. (C5), given by Q, = —iI'%0 and Q, = — {0 are constant, we get

€ = exp[Q{]exp [Qpp];(, (C14)

where y depends on the other four coordinates. The remaining equations written in terms of y are

00 = SA?.,?)(, Oy = Qﬁ)(, O = Qur. Opy = Qﬂ)(, (C15)
Q§ = g—nggé(é’)ngC = %I‘Oﬂ, Q’? = e_éé‘fe_giggn(é')eQ{Ceﬁéf = _%F@, (C16)
. | . . s
Q= e—QpﬂQﬂ(p)erﬂ = _Erw, Q, = e WPerQ (p)er e = 51“37 (C17)

and thus are solved by y = exp[Q:£] exp[Q, 1] exp[€,f] exp[Q,a]ey. The final expression for the Killing spinor is then
e = expl.¢] exp[2:£] explQ] expl@p] exp[Qybl explQualen.  Tuey = —ep. (C18)
where we have imposed the projection on ¢, to satisfy the condition (C13). This demonstrates that the AdS; x S x T°
background has 16 superisometries parametrized by ey—i.e., it preserves 16 supercharges.
The AdS, x S' M2-brane solution corresponds to 7 and & in Eq. (C6), identified with ¢' and &2 in world-volume
coordinates; ¢ in Eq. (2.7), with 6 and
=0, p =0, p=0, a = ay. (C19)

The condition (C4) that it must preserve supersymmetry may then be written as

[e = ily0e = e. (C20)
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Using Eq. (C18), one can check that Eq. (C20) is satisfied,
provided ¢ is subject to the same projection [Eq. (C20)],
and also the one in Eq. (C18)—i.e.,

Ieo =€,  Tieg = —eo, r,.T.]=0. (C21)

As aresult, ¢ has eight independent components—i.e., the
AdS, x S' M2-brane solution preserves half of the super-
symmetry of the AdS; x S3 x T° background.

APPENDIX D: AdS, SUPERSYMMETRY AND
MASS SPECTRUM

The AdS; x §® x T° solution of 11D supergravity pre-
serves 16 real supercharges, corresponding to A = (4,4)
supersymmetry from the dual 2D CFT point of view (see,
e.g., Ref. [39]). The bosonic isometry group has the algebra
30(2,2) @ 30(4) @ u(1)°. Ignoring the last torus sym-
metry factor, this background has global superisometry
algebra™ pau(1,1]2), x psu(1,1/2),.

The presence of an AdS, x S' M2-brane defect breaks it
to psu(1, 1/2) x 8u(2), (see, e.g., Ref. [21]). The bosonic
part of pdu (1, 1]2) is 8[(2, R) x 3u(2), where 8[(2, R) is
the global 1D conformal algebra (with generators D, P, K)
corresponding to AdS,, and 8u(2), is the R-symmetry
(with generators R%, where a,b = 1, 2). 8u(2), acts as an
automorphism with generators Ag. Omitting the commu-

tators involving R and Ag, we have

[D,P]=P, [D.K|=-K., [P.K]=-2D,
1 1
[D’ Qaa] = 5 Qaév [Dv Saél] = _Esaév (Dl)
[P’Sazi] = _Qazia [K’ Qaé] = Saa,
{Quiss Qup} = —€wésp P (D2)

{Qua S} = —€wr€apD — €35Rap

{Sa{u SbB} = _€ab€aBK' (D3)
The four 2D spinor generators Q,; transform as (2, 2) under
SU(2)g x SU(2),. The states in supermultiplets can be
labeled by their 1D scaling dimension A—i.e.,
D|A) = A|A)—as well as quantum numbers correspond-
ing to R} and AE that we shall omit (see, e.g., Ref. [39]).
The long N = (4,4) supermultiplet of pdu(1,1|2) is
obtained by acting on a given state |A) with Q,;:

*This is the global part of the “small” N = (4,4) super-
conformal symmetry in two dimensions.

1
Ix|A),  4x]A+g). 6x[A+1),

4x|A+%>, 1 x|A+2). (D4)

The corresponding masses of scalars and fermions propa-
gating in AdS, are related to the values of A as
mg = AA—1),|mg| = A —1—ie,

1
scalar:A:§(1+\/1+4sz>,

1
spinor: A = E(l + 2|mg|).

(D5)
The resulting spectrum of 8 4 8 fields in AdS, is then

scalars m3: A(A —1) (1 state), (A + 1)A(6 states),

(A +1)(A +2)(1 state); (D6)

spinors  |mg|: A(4 states), A + 1(4states). (D7)
This agrees with the quadratic fluctuation spectrum of the
M2 brane represented in terms of the S! Fourier modes

propagating on AdS, if [see Eq. (3.14)]

1
A, :E(m"_ 1), m,=V1+4’n*, n#0.

(D8)

Note that the n = 0 fluctuations fit into short multiplets
corresponding to the displacement and tilt multiplets from
the boundary-theory point of view.

Let us now comment on the supermultiplet structure of
quadratic fluctuations in the case of an AdS, x S' M2
brane in AdS, x S7/Z,, considered in Refs. [4,23].
Here, for k > 2, the relevant supersymmetry algebra is
expected to be 8u(1,1|3) [with the bosonic part
su(l,1) @ 8u(3) @ u(1)], which is the subalgebra of
the 08p(6|4) symmetry of AdS, x CP? that is preserved
by a 1D defect (see, e.g., Refs. [40,41]). There is also an
extra u(1), symmetry associated with S! of the AdS, x S!
M2 brane in AdS, x S7/Z,, corresponding to the KK
charge25 n.

The spectrum of towers of quadratic fluctuations in AdS,
that leads to the one-loop partition function in Egs. (1.16)
and (1.17) here is given by the following (|kn| > 2, n € Z):
(i) Complex scalars 7, (two real for each n), with m? =
1 (kn — 2)(kn — 4); three sets of complex scalars (¢ (a = 1,
2, 3) with m* = L kn(kn + 2). (ii) 8 two-component spinor
fields 94, with m =1kn £ 1 (3 + 3 modes) and m = L kn

PFork = 1,2, the symmetry of the background enhances from
03p(6/4) to 08p(8[4), and the maximal 1D 1-BPS subalgebra
preserved by the defect is 8u(1,1/4) @ u(1),.
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(2 modes). These can be organized into N' = 1 multiplets
with m3 = mg(mg — 1) [4].

The n = 0 modes correspond to the short multiplet of
31(1, 1]3), while the n # 0 modes are a priori expected to
belong to long multiplets. The long multiplet of 8u(1, 1|3)
contains 32 4 32 states obtained by acting with all six
supercharges (Q, and Q% a =1, 2, 3).2° To exhibit the
extended supersymmetry structure of the massive fluc-
tuation mode spectrum, we may organize them for each n
into “chiral” sectors (¢, n,) and (£%,7,), combined with
the corresponding fermions. These will form conjugate
“shortened”” supermultiplets corresponding to the actions of
Q, and Q¢ respectively—i.e., obtained by imposing
Q% A) =0 or Q,|A) = 0. The shortening condition [see
Egs. (C.26) and (C.30) in Ref. [40]] is A = F %jo,jl =
j» =0 [where j,, ji, j» are Dynkin labels of Cartan
generators of 1(1) and 8u(3)].

The shortened multiplet contains 4 + 4 states: 1 x |A),
3x|A+1).3x[A+1),1x|A+3). If the lowest A state
is bosonic (so we have lg — 3p — 3 — ), then the
corresponding masses are mg: 1 x A(A—1),3x (A+1)A
and mg: 3 x A, 1 x (A4 1). The above quadratic fluc-
tuation spectrum at given n can be organized into the sum
of two such shortened multiplets (corresponding to Q, and
Q“ and related by the conjugation n — —n), with the lowest
A > 1given by A, or A, [cf. Eq. (D3)]:

1 1
ALn:E(kn—Fl), AZ,I‘l:E(kn_Z)’ an?’ (Dg)

Computing the value of the one-loop contribution
corresponding to the above shortened multiplet using
Eqgs. (4.5)—(4.12), one finds, as in Eq. (4.16), that all
transcendental parts cancel out, and one gets simply
tora(0) = —logA (if |A) is a bosonic state), and
toea(0) = —log(A+1) (f |A) is a fermionic state).
Considering the contribution to the effective action in
Eq. (4.5) from all the states at levels n and —n (that form
two multiplets with A; , and two multiplets with A, ,) and
using Eq. (D9), we get (k > 2)

1
aot,n + aot,—n =-2 log <A1.n + E) -2 log A2,n

= —2log E (n2k?* — 4)} : (D10)

in agreement with Eq. (1.19). We conclude that, like in the
AdS; x §? case discussed in Sec. IV here, the nontrivial

**The full long multiplet is given by [A;1]; @ [A+1:3@3]: @
A+ 1801 D3B3z PA+3:2x1D3B3DO6DOD[A+2;
8DID3BIBA+3:3D3pD[A+3;1]5. To get the full
long multiplet, one would need to combine states from different
n-levels, as at each level, we have only 8 + 8 states.

cancellations in the one-loop effective action in Egs. (1.16)
and (1.17) leading to Eq. (1.19) can be understood as a
consequence of the corresponding extended AdS,
supersymmetry.

APPENDIX E: MIXED FLUX CASE

The DI1-D5 solution is related by S-duality to the
NS1-NS5 one, and more generally to the (p,q) family
of %—supersymmetric type-IIB solutions supported by a
combination of RR and NSNS fluxes. This background is
T-dual to a generalization of the type-IIA D2-D4 solution
supported by a combination of fluxes.

From the 11D point of view, the S-duality of type-1IB
theory on S' is a modular transformation on a 2-torus
[38,42,43]. Indeed, as we shall discuss below, the (p,q)
generalization of the D2-D4 solution can be obtained
from the M2-MS5 solution in Egs. (2.1)-(2.3) upon
dimensional reduction along the 11th direction, which is
a linear combination of the isometric circular directions y,
and w [44.,45].

The near-horizon limit of the above type-IIB solution is
AdS; x $3 x T*, supported by mixed 3-form flux; its type-
IIA T-dual is supported by F, and Hj flux; and their 11D
counterpart is the same AdS; x §* x T° metric, supported
by F,, as in Egs. (2.5) and (2.7), but with the S' direction w
replaced by its linear combination with y,. It is then
straightforward to find the corresponding generalization
of the AdS, x S' M2-brane solution discussed in Sec. III.
Its +IIA string counterpart will be the AdS, minimal
surface, representing WL in the “mixed flux” background.

1. (Dl-DS)p’q background and its type-ITA counterpart

Let us start with the (p,q) family of solutions that
includes the NS1-NS5 [46] and D1-D5 [47] solutions of
type-IIB supergravity—i.e., which is a generalization of
Egs. (B8)—~(B10). It is obtained by applying a special
SO(2) c SL(2,R) transformation [42], which is a sym-
metry of the type-IIB equations of motion””:

F3—cosyF;—sinyH;, Hsy —cosyHs +sinyF3, F3=(,F;,

(E1)
r= C eV  SOSTT siny _ plr_l—g’s‘lq’
sinyt +cosy gy qr+p

cosy = P p.qEZ. (E2)

“"The type-IIB action which is the analog of Eq. (A6) has the
structure (the prime on g, and ¢ is used to indicate type-1IB

quantities): Sz :zlcgwfdmxx/—G[e‘zg’/ (R+4(0¢)? —1|H;[*)-
I|F3—CH;[*+ -], where F5 = ¢,F;.
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Here, we follow the same notation as in Egs. (B8)—~(B10): ¢, is the asymptotic coupling of the type-IIB string (which is
not transformed, as we are looking for a more general solution in the same theory), and ¢ is the “nonconstant” part of the
type-1IB dilaton—i.e., ¢# = g.e? . The resulting generalization of the D1-D5 solution is then®®

dsloy = H\G[HT ' HS 2 (dx} + d}) + HY(dr? + r2ds) + H3 ' (dy? + dw?)), (E3)

F3 = cosyg, "' (idHT' A dxy A dx; — %4dHs), H; = siny(idH7' A dxg A dx, — x4dHss), (E4)
C =cosysiny(Hs — Hy)H7J, e = g?H2 HT'H3', (E5)

His=1+—7= Ql 2 Q5= \/P 4+ 979 s, H s = cos’yH, + sin’yHs, (E6)

where Q, = ¢,Z2¢'~'Q, and Qs = ¢.£2Q5 are the same as in Eq. (B10).
In general, this background describes a system with four sets of integer charges:

Qirr = 01, Qins =901, Osrr = pOs. Osns = q0s. (E7)

The original D1-D5 solution corresponds to the special case of p = 1, ¢ = 0 (y = 0), while the NS1-NS5 one corresponds
top=0,¢g=1( =2 (in the latter case, Q, = £2V'~1Q,, Q5 = £205).

The near-horizon limit of this solution is represented by the AdS; x S* x T* case supported by a mixed 3-form flux (with
the RR scalar C and dilaton being constant)™:

dstop = Li[dsigs, + dsgs + Qs™' (dy} + dw?)], (E8)

= (cos’yQ; + sin’yQ5)12 Q4% = (p?Q, Qs + ¢, 2q2 Q2)'/? = (P*¥'~' 20,05 + 2 02)"/2£2, (E9)
F3 = 2cosyg, ™1 Qs(ivolags, + volg:) = 2pQ0s(ivolags, + volg)£2, (E10)

H; = 2sinyQs(ivolags, + volg) = 2qQs(ivolags, + volg )2, (E11)

C— cosysiny(Qs — Q) o2 — e (coszle + sin2yQ5)2 | E12)

cos’yQ, + sin’y Qs Q9,95

This reduces to Eq. (B13) when p=1,q =0 (cosy = 1), and thus Qlﬁ = 0Qis.
Applying the same T-duality transformation along the w direction that related type-1IA [Eqgs. (B1)-(B3)] and type-IIB
[Egs. (B8)—(B10)] solutions, we find for the type-IIA counterpart of Eq. (E3)—-(E6)
dsty, = HY,[Hy HyV? (dxd + dx}) + HY P (dr® + r2ds,) + Hy P dy?] + Hy, P HY? aw?, (E13)
Fy = cosygy ' (idH;' A dxg A dx) — x4dHy) A dw, H; = siny(idH5' A dxg A dx; — *4dHy), (E14)

Cy, = cosysiny(H, — Hy)H5}, e ngngZI/zH%z, (E15)

Q _ )
Hyy,=H5=1+—7F" 24 Q4= Qis, Hy, =H,s, (El6)

Bt is equivalent to the solution in Eq. (2.15) of Ref. [44], where ¢, was set to 1. As in Eq. (B8) here, the metric in Eq. (E3) is the
strlng -frame one.
PWe again rescale x, and x;, as in AdS; in Eq. (B13).
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where C,, is the w component of the RR vector potential. This background interpolates between the D2-D4 solution
(p =1,q =0) and the type-IIA NS1-NS5 solution (p = 0,q = 1). Its near-horizon limit is T-dual to Egs. (E8)—(E12):

dsto, = L3dshas, + dsty + Q7'dy?] + L7 Qudw?, L2 = (cos?yQ, +sin’rQy)'/2Q)", (E17)
F, = 2cos yg;1Q4(ivolAds3 + volg) A dw, H; = 2sin ;/Q4(ivolAdS3 + volg), (E18)
c, = Sos7sinr(Qs — Q) 2 — g2 (05’ Qn + sin’y Qu)%. (E19)

cos?yQ, +sin’yQy 0,0/

2. Rotated M2-M5 background

Let us now discuss how the 11D uplift of the type-IIA solution [Egs. (E17)—(E19)] is related to the original M2-M5
solution [Egs. (2.1)—(2.4)]. There, we had [for notation, see also Refs. (A7)—(A12)]

YP = (yi7 Y4)’ Ya=Y4 + 2ﬂf.vv4’ wW=w+ 2”fsu’ Vq = f;lfP/Uét = Ys> g/x = u_lgs = u_1V4’ (Ezo)

where y, plays the role of x; in the reduction to Eqs. (B1)—~(B3), and g, is the “T-dual” type-1IB coupling. Let us perform
the following rotation on these 2-torus coordinates with radii v4 and u:

Y4 = COSY¥4 — sinyw, w = siny§, + cos yw, COSY = ————m, p.qEZ. (E21)

This effectively aligns the new 11th direction §, with the (p, q) cycle of the 2-torus. It will then have the period 277,, where

= /p?vi + q°u? [cf. Eq. (A5)], so that
< < ~ 2 u’ 2 202 4 2.2 ~1/3
Ry =Wy, V=0, =g\ [P"+ 34" =/PVitau, Cp =35, (E22)

Note that £p is now related to g,, while Z is unchanged [cf. Eq. (A5)]. The M2-M5 solution [Egs. (2.1)—(2.3)] written in
terms of the transformed coordinates in Eq. (E21) takes the following form:

ds}, = Hy"PH; P (o + o) + HYPHZP (dr® + Pds?) + HY HS' P ay? + HYPHY HyL dw?

+ H52/3H5_1/3H25 [d§, + cosy siny(Hs — Hy)Hyd dW)?, (E23)
= dC3 = (ldHEl AN d.X'O A dxl — *4dH5> A (COS ydW + Sin }/dy4), (E24)

— % — s = o< 02
H2—1+ 2 s H5—1+ 2 s H25:COS }/H2+Sln }/HS (EZS)

Here, Q, and Qs are defined as in the original solution in Egs. (1.22), (1.23), (2.3), and (2.4), but with £p now related to
rescaled type-IIA string coupling as in Eq. (E22), so that [cf. Eq. (A12)]

Q) =307 0y =3IV 0y > 5,6V 0, = \/PzVi + q?u?2vQ,, (E26)
Qs = Gu ' Qs = 3¢ Qs — g fu Qs = \/ p?vi + q*u*f2u! Q5. (E27)

Since ¢, = u~'v, = u~!g,, these coefficients are thus the same as Q, and Qs in Eq. (E6) or O, and Q, in Eq. (E16). One

can then check that Egs. (E23)—(E25), reduced to 10D along x!' = §, according to Eq. (A3), gives precisely the type-IIA
background in Egs. (E13)-(E16).
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The near-horizon limit of Eqs. (E23)—(E25) can be equivalently obtained directly from Egs. (2.5) and (2.6) by performing

the rotation (E21) there. The result can be written as

dsy = (2Q3)'(dsias, +dss) +(2Q5")'Pdy} + (205")! 7 (cos? y + sin’ y Q' Qs)dy;

+(9,951)73(cos? y + sin? yQ, Q51 )dW? + 2(Q3Q5)~!/3 cos y siny(Qs — Q,)dWdy,,

Fy = dC;5 = 2Qs(ivolygg, + volg) A (cosydW + sinydyy).

(E28)

(E29)

Dimensional reduction along the x;; = §, direction then gives the mixed IIA background in Eqgs. (E17)—(E19).

3. AdS, x S M2 brane solution
and one-loop partition function

Let us now consider a generalization of the M2-brane
solution discussed in Sec. III to the case of y # 0. We shall
assume that the M2 brane is stretched along a 2-surface in
AdS; (ending on a circle at the boundary) and is wrapping
the 11th dimension ¥,, so that double dimensional reduc-
tion will give a string solution in the mixed-flux type-IIA
background [Egs. (E17)—(E19)].

We shall parametrize AdS; as in Egs. (2.9) and (C6)—
ie.,

¢

ds}gs, = cosh®Cdsyys, + di?, z=2tnh 3. (E30)

We shall choose the first two of the M2-brane world-
volume coordinates o, o, to be identified again with the
AdS, coordinates and assume that §, = §, + 27,7 is
proportional to o3 = 03 + 2z. We then set

(=((01,02), Ya=Vsly03, W=0, y;=0, (E31)
and also assume that S° coordinates are trivial (i.e., the
brane is localized at a point in S*). Equivalently, one may
start with the original “unrotated” background in Eq. (2.5)
and consider the more general M2-brane solution with
y4 = V4co8y03, W= V,sinyos, corresponding to
5’4 = V4KSG3, w = 0.

It is straightforward to check that all the M2-brane
equations of motion following from the action in Eqs. (C1)
and (C2) in the background [Egs. (E28) and (E29)]—i.e.,
ﬁam(hm"anx) ~ F,0X0X0X—are indeed satisfied by the

ansatz (E31) with the remaining differential equation for ¢,
also solved by a constant {:

siny(Q;' Qs)!/?
= s tanh = — s E32
¢=Co. tanhcy (cos?y +sin?y Q51 Q5) 1/ (E32)
cosh?¢y = A, A=1+tan’yQ;' Qs. (E33)

For q=0 or y =0 (pure RR case), this reduces to the
solution with { = 0 discussed in Sec. III. In the opposite

pure NSNS case p=0, y =7,
singular (§, — o).

The corresponding induced metric is again AdS, x S',
but with rescaled radii [cf. Egs. (1.36), (2.5), (2.6), (2.8),
and (3.2)]:

the solution becomes

(ds*)vp = A(desids2 + R*93do3)

— ALY(dsys, + R2do?), (E34)
2= (0,0, R =cosyR,
R? = £3(Q,9:1)'3, (E35)
&' = L7'Riy = cosyy\/p* + q?v72u’k™ = px7!,
k' =L7"'Ry, = g§/3u1/2Q;1/2, (E36)

by = \/p?v: +q*u®.  (E37)

Here, dsiy (01,0,) is the unit-radius AdS, metric. To
compute the value of the classical M2-brane action in
Egs. (C1) and (C2) on the solution in Eqgs. (E31) and (E32),
we shall assume that the gauge for the field C; is chosen so
that it vanishes™ for constant £. Then, the action is given
just by the volume part in Eq. (C1), generalizing the y = 0
expression in Eq. (3.1):

tan’y = v2ulp~’q’,

Swi = ToA2L3 (277" Vol (AdS,) = pAY/ Sy,
Uy
Svp = ——21/0,0s.
M2 o 0,05

(E38)

Let us now consider the type-IIA string-theory expressions
for the corresponding AdS, string solution in the ITA
background in Egs. (E17)-(E19). From Egs. (E17)-(E19),

*One can find such a gauge by starting with Eq. (E29) and
choosing a specific parametrization of the AdS, part of AdS; in
Eq. (E30).
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we get for the induced string metric and the string action
value on the solution (here Q, = Q5)31

(ds?), = Lids}gs,, L3 = AL = pAY/2(Q,Q4)'2,

(E39)
Q, =g 0s, Q, = gu'Qy,
g% = e = gicos’y N2 (Q;1 Q)72 (E40)
S, = 2aTL? = —¢7202 = pA3/2s,,
Sy = —£7L3 = —g,(v'u Q,04)/2. (E41)

The value of the string action is the same as the M2 -brane
one in Eq. (E37) [cf. Eq. (1.33)].

In the special case of Q, = Q,, the corresponding string
solution can be shown to be equivalent to the one discussed
in Ref. [32], which considered the string representing
an analog of WL in the type-Il AdS; x S® background
supported by the H; = ZEIZ,%volAds2 flux, with L, assumed
to be independent of . The world surface ended on a circle
at the boundary of AdS; and had an AdS, induced metric.
When Q, = Q, = Q, the type-IIA dilaton in Eq. (E19) is
y-independent, ¢** = ¢2, and using Egs. (E21), (E33),
and (E39), we get32

A=(cosy)?, L= AL% =p(cosy) L2,
L? = p(cosy)'L2, L?= 0. (E42)
The NSNS flux H; in Eq. (E18) is given by

H3 = 2h3(iV01AdS3 + VO]S3),

hy = sinyQ, = gL2, g =siny. (E43)

The string action in Eq. (E41) written in terms of ¢ and the
radius Z,S in Eq. (E17) takes the same form as in Ref. [32]33:

3IThe same value for {o in Eq. (E33) is, of course, found also
by solving the string equations directly in the background
[Egs. (E17) and (E18)].

32Equivalent expressions are found also by starting with the
type-1IB background in Egs. (E8)—(E11).

3Note that in the discussions of the mixed flux case in Ref. [32]
and, e.g., Ref. [48], the radius L, of the AdS; x S part of the
type-IIA metric in Eq. (E17) was treated as an independent
parameter, with the NSNS and RR fluxes proportional to §L2
and /1 — §>L2, respectively. This is different from the para-
metrization used in Egs. (E10) and (E11), where both O, and Q,
were assumed to be quantized, with L expressed in terms of them.

Ss = p(COS }’)_3SS(LS) =

S.(Ly) = —¢72L2. (E44)
The corresponding one-loop correction to the string partition
function turns out to have the same form as in the pure RR
case [Eq. (1.37)], but with the effective string tension
rescaled like the action in Eq. (E44) by (1 —g%)~! [32].

Starting with M2 action in the rotated background
[Egs. (E28) and (E29)], it is straightforward to expand it
near the M2-brane solution [Egs. (E31) and (E32)] to
quadratic order in fluctuations using the same static gauge
as in Sec. HI (i.e., setting the fluctuations of AdS,
coordinates and of §, to zero). After a rescaling of the
fluctuation fields, we find that the bosonic Lagrangian
depends on just one parameter—it is the same as in
Eq. (3.4), with x replaced by % =p~'x, defined in
Eq. (E36).34 As a result, the bosonic contribution to the
one-loop M2-brane partition function is given again by
Egs. (3.7) and (3.6), where all the masses depend only on .
Similarly, the fermionic contribution is found to be given
by Eq. (3.12) with x — &, so that the total is again given in
Eq. (3.14) with

M2, =1+®n*£V1+48%n%,

~ 1
Mn,:t =3

: (E45)

(Vi+4en ).
As a result, we find the same expressions as in Sec. IV. In
particular, for &% > 3 we get, as in Eq. (4.15),

K K

A

Vir  pVar

(E46)

Thus, the one-loop esult is the same as in the 10D
string-theory limit (cf. Ref. [32]) and does not depend
on values of q and Q,, with the pure NSNS limit of
p = 0 being singular. Note that instead of p, q, Q,, and
Q4, both the classical action [Eq. (E41)] and the one-
loop correction [Eq. (E46)] can be expressed in terms
of the four integer charges in Eq. (E7) (with Q, = O,

and Q4 = Qs).

*This may not be too surprising, given that the background
[Egs. (E28) and (E29)] is just a coordinate transformation of the
original one, and the M2-brane solution still has an AdS, x § !
induced metric.
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