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Cosmological a-attractor models in AN = 1 supergravity are based on the hyperbolic geometry of a
Iy
moduli space geometry and are robust for a rather general class of potentials. Here we notice that starting
with M theory compactified on a 7-manifold with G, holonomy, with a special choice of Betti numbers,
one can obtain d = 4, N' = 1 supergravity with the rank 7 scalar coset [;é—(éi]f In a model where these
seven unit size Poincaré disks have identified moduli one finds that 3a = 7. Assuming that the moduli
space geometry of the phenomenological models is inherited from this version of M theory, one would

predict r = 1072 for N = 53 e-foldings. We also describe the related maximal supergravity and M/string

Poincaré disk with the radius square R? = 3. The predictions for the B modes, r ~ 3a+%, depend on

theory models leading to preferred values 3a =1, 2, 3, 4, 5, 6, 7.

DOI: 10.1103/PhysRevD.94.126015

I. INTRODUCTION

To compare the predictions of theoretical models with
the observational data on inflationary cosmology [1] one
has to use some form of the d =4 FEinstein theory. In
particular, one can use N = 1 supergravity models making
a choice of the Kihler potential and a superpotential to fit
the data. Cosmological models called a-attractor models
[2-6], based on hyperbolic geometry of a Poincaré disk
with the radius square 3a, are in good agreement with the
data. The tilt of the spectrum of fluctuations and the level of
B models depend on the number of e-foldings N and on the

moduli space curvature Riygpier = —%,

(1.1)

ng~1 N r~3aN2.

This prediction is valid for a-attractor models with a <
0(10) for a rather general class of potentials described in
[2-6]. The early versions of these models were derived
in [2], and the more advanced versions were presented in
[3-6]. At the level of phenomenological A" =1 super-
gravity any value of 0 <3a < oo 1is acceptable. In
advanced a-attractor models the stabilization of all scalars
but the inflaton is possible for all values of a. Therefore one
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can view the future detection of the B modes, or a new
bound on r, as an experimental information about the
curvature of the moduli space in these models.

One may try to motivate certain preferred values of the
Poincaré disk radius square 3a as originating from a
fundamental theory underlying A =1 supergravity. It
was already suggested in [3] that the lowest possible value
3a = 1, with one unit size Poincaré disk, is motivated by a
maximal superconformal N' =4 theory [7] and N =4
pure supergravity without matter [8].

In this note we will study the possible origin of the
moduli space geometries in maximal A/ = 8 supergravity
and M/string theory. We assume that when the maximally
supersymmetric theories are reduced to N = 1 phenom-
enological a-attractor models, some mechanism of gen-
erating the required potentials will take place, but the
moduli space geometry will be inherited from the more
fundamental theories.

In this setting we will find reasonably well motivated
models of the Poincaré disk with radius square 3«
taking values 1,2,3,4,5,6,7. In particular, the case with
the highest value of 3a = 7 suggests that r is only slightly
below 1072,

Joint analysis of the data from the BICEP2/Keck and
Planck experiments [1] yields an upper limit on B modes,
r <7x 1072, The new interesting target with preferred
values of a originating in M/string theory, for the number of
e-foldings 47 < N < 57, is now
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and the lowest one in the context of maximal N =4
superconformal theory is

12x1073 <r<1.8%x1073.

(1.3)

II. POINCARE DISK WITH THE
RADIUS SQUARE 3«

Consider the Kéhler potential

K = -3aln(1 - ZZ). (2.1)
It describes a Poincaré disk with the radius square 3a. The

metric of the moduli space is g,7; = K,7 = (1_3#)2 The

Kiahler manifold curvature computed from this metric
depends on a,

2
Rinter = —g}%azaz log 977 = “3a (2.2)
The kinetic term for the complex scalar field is
3 - dx* +dy?
ds® = —>%__qzdz =S5O (23
(=72

where Z = (x + iy)/v/3a.

Advanced models of inflation which use the Kihler
potential above as a part of the total moduli space geometry
typically have another chiral superﬁeld,1 often called a
“stabilizer” superfield S in [3—6] so that

K = =3aln(1 — ZZ) + SS. (2.4)
In these models the light inflaton is in the Z + Z direction,
whereas the remaining three scalars, the complex stabilizer
S, and the sinflaton Z — Z are stabilized by the potentials to
the values S = Z — Z = 0. It was shown in [5] that such a
stabilization of the sinflaton is possible for all values of «,
whereas stabilizing S at zero might require additional terms
(55)? in the Kihler potential.”> An even more interesting
possibility is to use models with constrained orthogonal
superfields S?[x, ] = 0 and S(Z—Z)[x,6,0] =0 [6], where
the “unwanted scalars” S and Z — Z are not fundamental

'In the case of a single superfield there are consistent inflation
models for all @, including a <1; see for example [3.9].
However, this case requires the modification of the Kihler
potential as shown in Eq. (24) in [3], and in Eq. (1.4) in [9].
The relevant modification changes the value of the curvature
[3,10].

*In earlier models with the S dependence inside the logarithm
one may use the bisectional curvature R,5g3 to stabilize the
inflaton partner for all values of a; see for example [3], Eq. (29).
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fields; they depend on fermions and do not participate in
cosmological evolution. The constraints on the curvature
of the moduli space in [11] do not apply to advanced
a-attractor models, with inflaton and stabilizer, where all
moduli, with exception of the inflaton, are stabilized. In
these models the observable combinations of the slow-roll
parameters n, = 1 —6¢ + 25 and r = 16¢ in Eq. (1.1) are
in good agreement with the data, and there is no # problem
for all values of a.

For the vanishing sinflaton the kinetic term becomes in
terms of the inflaton Z = Z = tanh\/%

0,Z0'Z 1
3(1”7 =

7= 20 (2.5)

In these models the potentials depend on a geometric
variable Z = Z,

V= V(tanh\/(ga) (2.6)

A. HALF-PLANE VARIABLES

One can use an alternative description of the same

physical system by making a choice 1% = —ir,
K = —3aln(=i(r = 7)). (2.7)
The kinetic term for the complex scalar field is
drdt
ds? = 3q ot (2.8)
(2Imz)

In this form the kinetic term has an SL(2, R) symmetry

, at+Db
- ’ d - b 0, 2.9
! ct+d a c# (29)
where a, b, ¢, d are real numbers and
drdz a7 d7’

= . 2.10
(T _ i_>2 (T' _ %/)2 ( )

When the sinflaton 7 + 7 vanishes at t = —7 = ie 3%‘”,

drdt 1

3a— =—(0,0)>. 2.11
“ 2Imo)? 5 (Ou) (2.11)

III. SEVEN-DISK GEOMETRY IN
MAXIMAL SUPERGRAVITY

Before looking at M theory on a 7-manifold with G,
holonomy we will explain the origin of the seven-disk
geometry starting from D =4, N =8 supergravity. M
theory/d = 11 supergravity can be compactified on a
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7-torus, which leads to d = 4 maximal N = 8 supergravity
[12] upon dualization of the form fields. This model has 70

. E
scalars in the coset space #& and Ej(;) symmetry.

Following [13], we consider truncation of N/ = 8 super-
gravity [12] to N =4 supergravity interacting with six
N =4 vector multiplets. The E7(7) symmetry is decom-
posed as follows:

The 70 scalars of AN =8 supergravity [12] are first
truncated to

70 = 2 + 36. (3.2)
In the next step one takes into account that
S§0(6,6) D SO(2,2) x SO(2,2) x SO(2,2) (3.3)
and
36 >3 x4 (3.4)
so that
70 - 2(146)=2x7=14. (3.5)

This truncation has a Kihler structure supporting N = 1
supersymmetry. One can identify seven Poincaré disks due
to the decomposition

E7¢7)(R) D [SL(2, R)|. (3.6)
The original kinetic term is reduced to a form with the
Kihler potential of the form

(3.7)

with seven pairs of independent scalars and the [SL(2, R)]”

symmetry, a seven-disk manifold. The fact that the disk of
the SL(2) commuting with SO(6, 6) has the same Kihler
curvature of the other six SL(2)/SO(2) (each separately
corresponding to @ = 1/3) can be understood by string
triality arguments [14] and by the underlying special
geometry of the N = 2 truncation [15].

IV. M THEORY ON A 7-MANIFOLD
WITH G, HOLONOMY

Instead of a compactification on a 7-torus, one can
compactify M theory on a 7-manifold with G, holonomy.
The early investigation of G, holonomy in physics was
performed in [16], with a review of the first 20 years in [17].
One of the most recent applications of this compactification
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can be found in [18], and, of course, many more studies of
M theory on G, were performed over the years.

Here we will focus on the model studied in [19,20],
which requires the following choice of the Betti numbers:

(bo,b],bZ,b3) - (1,0,0,7) (41)

This theory is identified with the maximal rank reduction
on the 7-torus and leads directly to d = 4, N' = 1 “curious
supergravity” where seven complex scalars are coordinates
of the coset space
SL(2,R)17
— . 4.2
o) 2

The corresponding Kihler potential describing the scalar
sector of this theory is the one in Eq. (3.7) with seven pairs
of independent scalars and the [SL(2,R)]” symmetry. This
model is one of the “four curious supergravities” defined in
[20]. The other three have N =2, A" = 4, N/ = § super-
symmetries, and we are interested only in A = 1 “curious
supergravity.” It has the field content defined by Betti
numbers: the d =4 fields originating from the d = 11
metric g,y are

gﬂl/_)b0:17
A”—>b120,

The ones from d = 11 gravitino v, are

l//y_)b0+b1:1’

The ones from the 3-form A,yp are

Ay = by =1,
A, = by =0,
A, = by =0,

A=>by=1. (4.5)

To summarize, the field content of the M theory compac-
tified on a 7-manifold with G, holonomy and Betti
numbers (4.1) is a metric, a gravitino, and a 3-form (which
has no degrees of freedom but affects trace anomaly)

g/wv l///u A/wp (46)
and seven scalars, seven spin 1/2 fields, and seven
pseudoscalars

T, = Ai + iAi,)(i. (47)

126015-3



SERGIO FERRARA and RENATA KALLOSH

The corresponding Kéhler geometry is the seven-disk
manifold in (3.7).

For generic Betti numbers (b, by, b,, b3) these models
are known to have a generalized mirror symmetry, which
flips one set of Betti numbers into the other one,

(bo, by, by, b3) = (b, by, by —p/2,b3 +p/2),  (4.8)
and p =7by — 5by + 3b, — b3 changes the sign. One of
the reasons the model we describe here was given the
name curious supergravity is that it has p =0; it is a
self-mirror in the above sense. It also means that it
has a vanishing Weyl anomaly g, (T") = — 5555 %
R*P°R}, - =0, and the presence of the 3-form A,
is important for this.

To connect this compactified M theory model to
a-attractor geometry we can make a choice that all
moduli in our seven unit radius disks in (3.7) are identified,
namely
3a=T7: 71 =1, =173 =T4 =15 =T = 177 = 1. (4.9)
We are left with one Poincaré disk of the radius square 7
times larger than the unit radius square,

7

K= —Zln(—i(ri -7,)) = =TIn(=i(t = 7)), (4.10)
drdz
ds* =1 2mo)? (4.11)

The following interpretation of this identification can
be suggested: the diagonal components of the internal
space metric g;; are taken to be the same in all seven
directions, g;; ~ 6;;, and the 3-form A;;, which leads to
seven pseudoscalars in d =4, since b; =7, is also the
same in all directions. An analogous identification was
performed in [21], where an early dimensional reduction
of superstring theories was studied. The resulting d = 4,
N = 1 supergravity, neglecting the matter fields C in [21],
has the following Kéhler manifold:
K=—-In(-i(s=5)) =3In(-i(r—7)). (4.12)
We will show in the next section that using string theory

compactification on a product of 3-tori T, X T, X T, C T
one can get the seven-disk geometry.

K = —In(=i(s — 5)) — In(=i(t, = 7,))
—In(=i(ty = 1)) = In(=i(t3 = 3))
—In(=i(u; — ;) —In(=i(uy — it))
In(=i(us — @i3)). (4.13)
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Thus, the model (4.12) in [21] corresponds to the one in
(4.13) under the condition that
4 :t2:[3 =1, Uy = Uy = Uy = const. (414)
This means that some fields of higher-dimensional geom-
etry were discarded, for example, all u; fields and the
difference between ¢, fields. If instead we would impose on
(4.13) the condition
S:t1:t2:t3:M1:MZZM3:T, (415)
we would reproduce the Kéhler geometry (4.10) of the
single Poincaré disk of the radius square 3a = 7. In an
analogous manner we can get other values

3 =1{1,2,3,4,5,6,7} (4.16)
by requiring that
B3a=T: 11 =T, =13 =T, =T5 =T =177 =7
3a=06: 17 =1, =13 =174 =175 =T¢ =1, T7 = const,
3a=5.11=1, =13 =174 =1T5=1, Tg= T7 = Const,
3a=4: 11 =1, =13 =T4=1, T5=7Tg=T7 = const
B3a=3:11=1,=13=17, T4=7T5=7Tg=T7 = CONSst,
B3a=2:11=1,=1, T3=7T4=7T5=7Tg=T7 = CONSt,
Ba=1:71=17, 17,=13=714=7175=7¢= 177 = const.

(4.17)

We illustrate in Fig. 1 the features of a-attractor models
[2,3,6] with the seven-disk geometry using the recent
discussion of B modes in the CMB-S4 Science Book
[22]. We show in Fig. 1 predictions of a-attractor models
with seven-disk geometry in the n, — r plane for N ~ 55,
for the minimal value 3¢ =1 and for the maximal
value 3a = 7.

The constraints on the fields presented in Egs. (4.14) and
(4.17) are expected to emerge as a consequence of
specifically designed potentials, which align the fields in
the desirable direction. We have not yet presented such
potentials here; these are still to be constructed. Examples
when the structure of the potential was designed to put
constraints on the field of the theory are known in
cosmological literature. A relevant mechanism was
invented in [23] in models known as aligned natural
inflation. In the simplest case with two axions the potential
enforces one combination of axions to be light and serve as
an inflaton, whereas the other one is heavy and drops from
the evolution. This type of alignment was also generalized
to many axion models. Another example is N-flation in
[24] where there are N axions. In polar coordinates only the
radial direction is a light inflaton field, and all other angular
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Taken from [22], this figure represents a forecast of CMB-S4 constraints in the n, — r plane for a fiducial model with » = 0.01.

Here the grey band shows predictions of the subclass of a-attractor models [2,3,6]. We have added to this figure a blue circle with the
letter T inside it corresponding to the highest preferred value 3a = 7 and the purple one corresponding to the lowest preferred value
3a = 1in a seven-disk geometry. All intermediate cases 3a = {1,2,3,4,5, 6,7} are between these two. They all describe the class of a-

attractor models with V ~ tanh?(¢/+/6a), so-called quadratic 7 models. The quadratic E models with V ~ (1 — ¢V'?/3)2 tend to be
slightly to the right of the 7" models; see [2]. We show them as a navy circle with the letter E inside it.

variables drop from the evolution under certain assump-
tions specified in these class of models.

V. VALUES OF 3a IN STRING THEORY

Here we will show how to derive the seven-disk
geometry (4.13) in string theory. We start with the
derivation of noncompact symmetries in string theory
following [25,26]. The toroidal compactification to d =
4 of the N' = 1 supergravity/string theory in d = 10 space-

. . 50(6.6 3
time leads to scalars in W coset space” upon
truncation of nongeometric moduli from the d = 10 vector

multiplets.
As the result of the dimensional reduction one finds a
d = 4 action for the scalars of the following form:

/ d*x\/—ge=? (L) + L,). (5.1)
Here
Ly =R+ g"0,p0,4 - 1—12HWHW, (5.2)

’In general, in the case of the heterotic string theory one finds

scalars in the % coset space. Here the scalars in the
50(6.6)

$0(6)xs07) Part of the coset space originate from the geometric
moduli, whereas the additional ones with n # 0 originate from
the matter vector multiplets in d = 10. If we keep some of the
vector multiplets, so that n > 0 we do not find models with
Poincaré disk geometry.

and
1 1w
Lo = 3 tr(0,M~'0"M). (5.3)
Here M is a symmetric O(6,6) matrix
G -G'B
M = , (5.4)
BG™' G-BG™'B

where G4 and B,; are the internal space metric and a 2-
form, a,f =1,...,6. Together they represent the 36

50(6.6)
S0(6)xS0(6) and we recover

the moduli space of the 6-torus T¢ in string theory. We now
would like to perform the truncation of the 6-torus to three
T, so that

coordinates of the coset space

Tz X T2 X T2 C T6' (55)

This corresponds to the reduction SO(6,6) D [SO(2,2)]?
and analogous reduction on the coset representative

S0(6.6)

50(2,2)
S0(6) x SO(6)

{50(2) x 50(2)] 3- (5.6)

This means that we keep the following nine components
of Ga/f:
Guy = (911> 9225 9125 933+ Ga» G343 G55+ Geo> Gs6)s  (3.7)

and three components of B,
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By = (b1a = by, b3y = by, bsg = b3). (5.8)
We also introduce notation
= — R — _ 2
91 = 911922 — 912> 92 = 933944 — G34,
93 = 955966 — G36- (5.9)

50(2,2
Now we observe that the coset 500)

2)
xS0(2)
sgéz(,g) X SSL (()2(‘2[‘{;), and so we can package the SO(2, 2) matrix

into an SL(2,R) x SL(2, R) matrix. We will do this for all

three copies of %

one of them in [26]. We have four real scalars from g1, g»5,
912> b1o. We package them as follows: 1, = b +i,/g, and

is isomorphic to

cosets, following an example of

U E%ﬁ—l— i % The inverse relation is for the 2 x 2

matrices
Imz uu; Reu
G — <g11 912> _ mz; < 141 1)7 (5'10)
G921 922 Imu; \ Reu, 1

0 b 0 1
B= ( 12) :Ret1< ) (5.11)
by 0 -1 0

In the same way we can organize all six complex scalars;
three of them are often called Kéhler moduli,

th=b +iVg, tH=b+i\g, t3=>b3+1i/g;

(5.12)

and the other three are called complex structure moduli,

M1:&+i—\/§1, u2:%+i_\/§2’
922 922 Gaq a4
uy =95 4 V9 (5.13)
Yo6 Ye6
This corresponds to reorganizing [%]3 into
[%(5)1]6. The corresponding Kihler potentials are

K(1;.7;)==In(=i(1;=17;)) and K(u;.it;) ==In(=i(u;—1;)).

One more important step here is to switch from the string
frame as in (5.1) to the Einstein frame in d = 4, which is a
well known procedure of rescaling the metric; see for
example [21]. As the result, we find an action with N = 1
supersymmetry and seven complex scalars. The axion, dual
to H,,,, and dilaton as shown in Eq. (5.2) form a complex
scalar

s=a+ie? (5.14)

PHYSICAL REVIEW D 94, 126015 (2016)

with the Kéhler potential K = —In(—i(s —5)). The com-
plete Kéhler potential of the string theory dimensionally
reduced on T, xT,xT, CTg is now given by the
expression in (4.13) in the previous section, as prom-
ised there.

Thus here again we reproduced the seven Poincaré
disk geometry of the unit radius each. We may now study
the same cases as we did in the previous section: the
conclusion is as in M theory compactified on the
7-manifold with G, holonomy in Eq. (4.16) which gives
us seven possible values of r, according to (1.1), for
example, for N =55,

r~{13,2.6,3.9,5.2,6.5,7.8,9.1} x 1073 (5.15)

VI. CONCLUSION

In conclusion, we made an assumption that the
moduli space geometry of the phenomenological
N =1 q-attractor models in [2,3,6] is inherited from
the M theory compactified on the 7-manifold with G,
holonomy to a “curious N = 1 supergravity” [20], or
from truncated N = 8 maximal supergravity, or from
toroidally compactified string theory. In such a case we
argued that the possible cosmological a-attractor models
might come with the values of 3a =1, 2, 3,4, 5, 6,7
when some of the higher dimensional fields are dis-
carded, following the procedure employed in the past in
[21] and presented in Eq. (4.17). To make a step from
preferred values for 3a to a realistic prediction we
would need to find the origin of the suitable class of
potentials in these theories.

The relevant preferred values of the ratio of the tensor to
scalar fluctuations during inflation are shown in Eq. (5.15).
We illustrated the position of these models in the ng, — r
plane in Fig. 1. The highest one, r ~ 1072, will be the first
interesting target for the B-mode experiments as well as for
the theoretical studies of realistic cosmological models
based on the seven-disk geometry.

ACKNOWLEDGMENTS

We are grateful to M. Duff, S. Kachru, A. Linde, A.
Marrani, D. Roest, T. Wrase, and Y. Yamada for the
useful discussions and to L. Page for explaining to us
the importance of relating possible values of r to a
fundamental theory. The work of S.F. is supported in
part by CERN TH Department and INFN-CSN4-GSS,
the work of R.K. is supported by SITP and by the
NSF Grant No. PHY-1316699. We acknowledge the
hospitality of the GGI institute in Firenze, where this
work was initiated during the workshop “Supergravity:
What next?”

126015-6



SEVEN-DISK MANIFOLD, a-ATTRACTORS, AND ...

[1] P.A.R. Ade et al. (Planck Collaboration), Planck 2015

results. XIII. Cosmological parameters, arXiv:1502.01589;

Planck 2015. XX. Constraints on inflation, Astron.

Astrophys. 594, A20 (2016); Improved Constraints on

Cosmology and Foregrounds from BICEP2 and Keck Array

Cosmic Microwave Background Data with Inclusion of

95 GHz Band, Phys. Rev. Lett. 116, 031302 (2016).

R. Kallosh, A. Linde, and D. Roest, Superconformal infla-

tionary a-attractors, J. High Energy Phys. 11 (2013) 198; S.

Ferrara, R. Kallosh, A. Linde, and M. Porrati, Minimal

supergravity models of inflation, Phys. Rev. D 88, 085038

(2013); R. Kallosh and A. Linde, Universality class in

conformal inflation, J. Cosmol. Astropart. Phys. 07 (2013)

002.

[3] J.J.M. Carrasco, R. Kallosh, A. Linde, and D. Roest,
Hyperbolic geometry of cosmological attractors, Phys.
Rev. D 92, 041301 (2015).

[4] R. Kallosh and A. Linde, Escher in the sky, C.R. Acad. Sci.,
Ser. IIb 16, 914 (2015).

[5] J.J. M. Carrasco, R. Kallosh, and A. Linde, Cosmological
attractors and initial conditions for inflation, Phys. Rev. D
92, 063519 (2015).

[6] S. Ferrara, R. Kallosh, and J. Thaler, Cosmology with
orthogonal nilpotent superfields, Phys. Rev. D 93, 043516
(2016); J.J.M. Carrasco, R. Kallosh, and A. Linde,
Minimal supergravity inflation, Phys. Rev. D 93, 061301
(2016).

[7]1 E. Bergshoeff, M. de Roo, and B. de Wit, Extended
conformal supergravity, Nucl. Phys. B182, 173 (1981);
M. de Roo, Matter coupling in N = 4 supergravity, Nucl.
Phys. B255, 515 (1985); S. Ferrara, R. Kallosh, and A. Van
Proeyen, Conjecture on hidden superconformal symmetry
of N = 4 supergravity, Phys. Rev. D 87, 025004 (2013).

[8] E. Cremmer, J. Scherk, and S. Ferrara, SU(4) invariant
supergravity theory, Phys. Lett. 74B, 61 (1978).

[9] A. Linde, Single-field a-attractors, J. Cosmol. Astropart.
Phys. 05 (2015) 003.

[10] S. Cecotti and R. Kallosh, Cosmological attractor models
and higher curvature supergravity, J. High Energy Phys. 05
(2014) 114.

[11] L. Covi, M. Gomez-Reino, C. Gross, J. Louis, G. A. Palma,
and C.A. Scrucca, Constraints on modular inflation in
supergravity and string theory, J. High Energy Phys. 08

[2

—

PHYSICAL REVIEW D 94, 126015 (2016)

(2008) 055; M. Badziak and M. Olechowski, Volume
modulus inflation and a low scale of SUSY breaking,
J. Cosmol. Astropart. Phys. 07 (2008) 021; 1. Ben-Dayan,
R. Brustein, and S. P. de Alwis, Models of modular inflation
and their phenomenological consequences, J. Cosmol.
Astropart. Phys. 07 (2008) O11.

[12] E. Cremmer and B. Julia, The SO(8) supergravity, Nucl.
Phys. B159, 141 (1979); B. de Wit and H. Nicolai, N = 8
supergravity, Nucl. Phys. B208, 323 (1982).

[13] M.J. Duff and S. Ferrara, E(7) and the tripartite entangle-
ment of seven qubits, Phys. Rev. D 76, 025018 (2007).

[14] M. J. Duff, J. T. Liu, and J. Rahmfeld, Four-dimensional
string-string-string triality, Nucl. Phys. B459, 125 (1996).

[15] S. Ferrara and A. Marrani, N = 8 non-BPS attractors, fixed
scalars and magic supergravities, Nucl. Phys. B788, 63
(2008).

[16] M. A. Awada, M. J. Duff, and C.N. Pope, N = 8 Super-
gravity Breaks Down to N = 1, Phys. Rev. Lett. 50, 294
(1983); G. Papadopoulos and P. K. Townsend, Compacti-
fication of D = 11 supergravity on spaces of exceptional
holonomy, Phys. Lett. B 357, 300 (1995).

[17] M. J. Duft, M theory on manifolds of G(2) holonomy: The
first twenty years, arXiv:hep-th/0201062.

[18] B.S. Acharya, K. Bozek, M. C. Romo, S.F. King, and C.
Pongkitivanichkul, Neutrino mass from M theory SO(10),
J. High Energy Phys. 11 (2016) 173.

[19] M. J. Duff and S. Ferrara, Generalized mirror symmetry and
trace anomalies, Classical Quantum Gravity 28, 065005
(2011).

[20] M. J. Duff and S. Ferrara, Four curious supergravities, Phys.
Rev. D 83, 046007 (2011).

[21] E. Witten, Dimensional reduction of superstring models,
Phys. Lett. 155B, 151 (1985).

[22] K.N. Abazajian et al., CMB-S4 Science Book, First
Edition, arXiv:1610.02743.

[23] J. E. Kim, H. P. Nilles, and M. Peloso, Completing natural
inflation, J. Cosmol. Astropart. Phys. 01 (2005) 005.

[24] S. Dimopoulos, S. Kachru, J. McGreevy, and J. G. Wacker,
N-flation, J. Cosmol. Astropart. Phys. 08 (2008) 003.

[25] J. Maharana and J. H. Schwarz, Noncompact symmetries in
string theory, Nucl. Phys. B390, 3 (1993).

[26] A. Giveon, M. Porrati, and E. Rabinovici, Target space
duality in string theory, Phys. Rep. 244, 77 (1994).

126015-7


http://arXiv.org/abs/1502.01589
http://dx.doi.org/10.1051/0004-6361/201525898
http://dx.doi.org/10.1051/0004-6361/201525898
http://dx.doi.org/10.1103/PhysRevLett.116.031302
http://dx.doi.org/10.1007/JHEP11(2013)198
http://dx.doi.org/10.1103/PhysRevD.88.085038
http://dx.doi.org/10.1103/PhysRevD.88.085038
http://dx.doi.org/10.1088/1475-7516/2013/07/002
http://dx.doi.org/10.1088/1475-7516/2013/07/002
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://dx.doi.org/10.1103/PhysRevD.92.041301
http://dx.doi.org/10.1103/PhysRevD.92.063519
http://dx.doi.org/10.1103/PhysRevD.92.063519
http://dx.doi.org/10.1103/PhysRevD.93.043516
http://dx.doi.org/10.1103/PhysRevD.93.043516
http://dx.doi.org/10.1103/PhysRevD.93.061301
http://dx.doi.org/10.1103/PhysRevD.93.061301
http://dx.doi.org/10.1016/0550-3213(81)90465-X
http://dx.doi.org/10.1016/0550-3213(85)90151-8
http://dx.doi.org/10.1016/0550-3213(85)90151-8
http://dx.doi.org/10.1103/PhysRevD.87.025004
http://dx.doi.org/10.1016/0370-2693(78)90060-6
http://dx.doi.org/10.1088/1475-7516/2015/05/003
http://dx.doi.org/10.1088/1475-7516/2015/05/003
http://dx.doi.org/10.1007/JHEP05(2014)114
http://dx.doi.org/10.1007/JHEP05(2014)114
http://dx.doi.org/10.1088/1126-6708/2008/08/055
http://dx.doi.org/10.1088/1126-6708/2008/08/055
http://dx.doi.org/10.1088/1475-7516/2008/07/021
http://dx.doi.org/10.1088/1475-7516/2008/07/011
http://dx.doi.org/10.1088/1475-7516/2008/07/011
http://dx.doi.org/10.1016/0550-3213(79)90331-6
http://dx.doi.org/10.1016/0550-3213(79)90331-6
http://dx.doi.org/10.1016/0550-3213(82)90120-1
http://dx.doi.org/10.1103/PhysRevD.76.025018
http://dx.doi.org/10.1016/0550-3213(95)00555-2
http://dx.doi.org/10.1016/j.nuclphysb.2007.07.028
http://dx.doi.org/10.1016/j.nuclphysb.2007.07.028
http://dx.doi.org/10.1103/PhysRevLett.50.294
http://dx.doi.org/10.1103/PhysRevLett.50.294
http://dx.doi.org/10.1016/0370-2693(95)00929-F
http://arXiv.org/abs/hep-th/0201062
http://dx.doi.org/10.1007/JHEP11(2016)173
http://dx.doi.org/10.1088/0264-9381/28/6/065005
http://dx.doi.org/10.1088/0264-9381/28/6/065005
http://dx.doi.org/10.1103/PhysRevD.83.046007
http://dx.doi.org/10.1103/PhysRevD.83.046007
http://dx.doi.org/10.1016/0370-2693(85)90976-1
http://arXiv.org/abs/1610.02743
http://dx.doi.org/10.1088/1475-7516/2005/01/005
http://dx.doi.org/10.1088/1475-7516/2008/08/003
http://dx.doi.org/10.1016/0550-3213(93)90387-5
http://dx.doi.org/10.1016/0370-1573(94)90070-1

