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String theory, if correct, describes the very early universe:
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Cosmology is a unique potential observational window on string
theory:

string theory can constrain cosmological models

Cosmology String Theory

observational data could carry stringy signatures...
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Obsservational constraints on string theory

The data suggests

@ we are in a homogeneous and isotropic universe dominated by a
positive cosmological constant.

© there was a period of exponential expansion in the early universe
(inflation)

Both imply a quasi (time-dependent) de Sitter spacetime.

If string theory is the correct UV description of our universe, it must be
possible to realize de Sitter in string theory!
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The Usual Approach

The usual approach is to construct a string compactification which is
AdS in 4D and then uplift:

@ start with known SUSY AdS solution
@ uplift to de Sitter

@ generally done in 4D EFT or at /' = 1 supergravity level
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Our focus

For a consistent compactification, the EOM derived from the EFT must
be equivalent to the 10D EOM [e.g. Buchel, 0312076] J

so we asked:

e What do things look like from the 10 D point of view?
e What can source this uplift?
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Direct Product Space

Consider EH action coupled to matter:

1
Stotal = ICD/dDXV _QDRD+/dDX£int; (1)
which has Einstein equation
~ Kp 1
A = =~ <TMN - D_2gMNT> : (2)

For M = My x Mp_4 and ds? = g, dx*dx” + gmndx™dx", we find

Ry =— 2(5 57 [74(6 = D) +4T7]. (3)

Rs = g"” R, is the 4 D curvature.
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Condition for dS

Kp

implies the following condition for de Sitter:

Ry >0= (D—-6)T\ >4T7.
D=10=T>TyH
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Fluxes

For fluxes and scalar fields the no-go theorem was formulated by
Gibbons [0301117] and Maldacena-Nunez [0007018] :

Ll = —\/—GpFa. a,F3% (5)
Ry >0=4(1-q)F® > —Fya, a,F"®%q(D-2). (6)

@ Case 1: All legs in Mg. Then F? > 0 and Fua,.. .F# =0 so the
condition cannot be satisfied for g > 1.

@ Case 2: g > 4 and legs in all 4 M, directions. Eq (6) is only
satisfied for D < g+ 1i.e. ¢ > 9 - but no 10 form fluxes in ST!

(note that we demand Poincaré invariance in the noncompact directions)
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Scalar fields

Lo = V=00 (msdVs+ V(9)) (7)
Tin = —gun (9k00 0 + V(@) + 20ms0ns. (®)
The condition for R4 > 0 becomes

o0t + V(¢) > 0 9)
= V(¢)>0 (10)
But no available scalars in 10 D 1IB string theory!

The same conclusion holds for D branes and O planes in direct
product space. But we should really be looking at a warped metric
ansatz in these cases....
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Warped Product Space

We look for warped solutions

ds? = 240 g,,, dx"dx” + e AW Gpndy™dy”, (11)
finding
R.. R, — g..e*V2A (12)
24 S 2A Eupabed
=2 4A _ E € GS'GS_ e F, apca F" _6A AA Am AA
veer = Rt —omr 4.4 € TOmeTOTe
D ] L . T, (13)
2 : m (Op/Op)i w (Op/Op)i
1
2
m 2A m . _TH
+ 2 T omiomy — T omromy] a4
j
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D-branes/anti D-branes

The action for a Dp- brane in the Einstein frame is

_ -1 dprt) [ ~ / E

where Fp = Fap + Bap, Fab is the gauge field on the brane, and
Jab, Bap are the pullbacks of the metric and the antisymmetric 2 form.

@ Tp>0,up > 0: branes
@ T, >0, up <0: anti-branes

Note that the CS term is topological and therefore doesn’t enter
the Einstein equations:

7cs _ 2 0Scs _
mn \/jg(sgmn

(16)
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D-branes/ anti D-branes

Calculate the stress-energy tensor to find

p -

Twwppy = ~4TeN (17)
m _

T oppy = —(P—=3)TpN (18)

where

N = gblp+1)/4 \/_det(gab + Fap)\/detge_p P
V=deigro

Thus there isnoway toget 7/ > T < Ry >0forp=3,5,7
(brane or antibrane).

(x —X) (19)
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Orientifold planes

SOp = —/dp'HO' Toped)(pltﬂ) \/ —f+MOp/ Cp+1,
where Tp, < 0. Calculate the stress-energy tensor to find
T (op) = 4ToplNo
Tmop = —(P—3)ToplNo

where

Np — e#to+1)/4 Y~ 9eGan/det s p oo
Vv —detgro
Looks like these might do the job...
However, O-planes are inherently local

(x =X)
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Orientifold planes and warping

Integrate over the internal manifold Mg:
C = \76"3?4 + / d6X V g~6Ig10bal
2
6 =10 2A
+/d X Vo€ Z,: [T — T4,

If Mg smooth, C = 0. But we have local sources!
@ can smear branes — R, < 0.

@ can’'t smear Orientifolds: find divergent warp factor and Riemann
tensor

@ known localized solutions have R, = 0 [Blaback et al., 1009.1877]]

@ pretend | can smear O-planes-> need solution. Sign of R,
ambiguous.

@ points to a need to go beyond classical theory
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M theory

@ M theory is a cleaner set-up
for investigating the role of
curvature corrections R":

@ O planes taken into account
by geometry in M theory

@ For nonsingular manifolds
need HD corrections for
anomaly cancellation

@ Gi,7,F5 — Gy
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M theory

S = Sbulk + Sbrane + Scorr

]
Sk = 5- z/dﬂxxﬁ[R—Gz}—mz/C/\GAG

T
Sbrane — 22 dSO'\/ [ #Va XMa XNgMN - 1

+;E””P6MXM8VXN6pXP CMNP] ,

There are multiple possible sources for the corrections:

1
SCO” D) —TQ/C/\Xs, (JO - 2E8> g eee
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A parametrization

The M theory uplift of our metric ansatz is

ds? = eAUND(—d 4 nldzdz) + 2BV gmadyMdy” + €CVD|dz|?
1 ;
= Ao das)
Omndy™dy"
p1/3 9mn
e

which is the uplift of

+ (A(1))?/°|dz|?

ds? — /w;\m(_dtz + il dzidz; + Ox2) + v/ AGmndy™dy",

where A(t) = AJt|2.
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Correction ansatz

Rather than calculate Ty explicitly (for unknown R", G terms) , we
parametrize the contributions of Sc,,r with an ansatz:

—2 58 .
MN _ ntop _ aj+1/3,MN, i
== = E A(t C 24
corr \/_79 5QMN Q,C ’. [ ( )] ( )
where -
. - 5C;
Ciun = 9unCi — 2759,\4',\,- (25)
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M theory condition
In the absence of correction terms, we find
1 = = ~, =
0= / BBX\/G Grmpa G2 + 121 / @®x+/G I + 22 Tons  (26)

All terms are positive definite - no way to get dS!
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M theory condition
In the absence of correction terms, we find
0= 11—2 / ABx\/G GmnpaG™™P + 121 / d®x\/§ PP + 2k2Tony  (26)

All terms are positive definite - no way to get dS!

Including corrections, we find conditions

1 a1 i 2 .
> Z (ca I>+Z Z Cm') < 3 Z €, (27)
{ai}=0 {ai}=0 {ai}=0
> av(c)y > 0. (28)
{ai}#0
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Conclusions

@ It is difficult to see how to construct dS solutions in String Theory
from the 10 POV.

@ Fluxes, D branes, anti D branes and orientifolds do not work at the
classical level.

@ Including R" corrections may help (calculation in progress)
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Questions

@ Which curvature corrections, if any, satisfy these conditions?
@ Which curvature corrections should be included?

@ Result should be consistent with e.g. Kahler uplifting (4 D theory),
heterotic no-go, etc...

@ Which assumptions to drop?
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Orientifold planes in direct product space

With the metric ansatz

ds? = g, (x")ax*dx” + gmn(X™)dxMdx", (29)
we find
R (X'u) _ G3 . G3 4 ,ﬁ-“abcdlﬁ-,uabcd + R%ONf (T“ loc Tm loc) (30)
AT T 2y 4 - 4l 2 \k mo

The RHS is independent of the internal coordinates, so can be

evaluated at any point, including away from the Oplanes. Then we
have

R, < 0. (31)
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