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Modifications of CDM
inspired by string theory

Steven S. Gubser

Some motivations:

1.

What is the late-time behavior of the Brandenberger-

Vafa scenario?

. Can the presence of winding and momentum strings

stabilize a modulus?

. Might dark matter be precisely such winding and

momentum strings?

. What are the consequences of a long-range scalar

interaction among dark matter particles?

This work grew in part out of discussions with Jim

Peebles based on his recent paper with Farrar, astro-
ph/0307316, which addresses point 4.

Recall that in [Brandenberger-Varal the universe suppos-
edly was small and hot at early times: for instance a
79 at the self-dual radius, with all string modes ex-
cited.

9

e If three dimensions start to grow (through ther-
mal fluctuations), the strings that wind them an-
nihilate efficiently because strings moving in three
spatial dimensions generically intersect.

e If four or more dimensions start to grow, the
winding strings do not efficiently annihilate, so
they pull these dimensions back in.

e If several dimensions start to shrink instead, we
perform T-duality on them, and then they’'re grow-
ing.

Hence three large dimensions is preferred as a late-

time behaviorl
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Development of early-universe scenarios inspired by
Brandenberger-VVafa has been extensive: work of Bran-
denberger and collaborators and of Greene and col-

laborators.

At late times, still have strings winding and with
momentum on the six dimensions that stayed small.
Maybe these strings help stabilize the compactifica-

tion at around the self-dual radius.

'T‘x fE3

i =1

Recent numerical analysis [Brandenberger-Watson] ShOWS

that they do, provided we stick to a homogenous
FRW ansatz.

VWhat about inhomogeneities?

Instead of many moduli, consider one scalar, ¢, cou-

pled to massive particles:

5= fd%‘/_[w a2 —Vie)
=3 [ dsmo(9),
Q 1

Treat each species of particles in a hydrodynamic

(1)

approximation:
n1,np are number densities of winding and momen-
tum strings, and 4,7 = 0,1,2,3. The equations of

motion are
dm
V2 _ q
=3+ ; T (3)
1 %
Ry = 87G (Tj - Egz-ka) ,

where T% =¥, Téj +
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We'll discuss inhomogeneities by linearizing (3) around
an FRW background:

ds® = au('r)2 [*d'r2 + (8ap — haﬁ)dmadwﬂ)]

where we suppose ¢ = 0 in the background: so ¢ is a

(4)

first order quantity. [Note: must assume V/(0) = 0O;
I'll also take V(0) = 0.]

Scalar-mediated forces cause like particles to attract

and unlike particles to repel:

-«—--_.’.3<

Two combinations of perturbations evolve simply:

the total contrast,

3
S 5m—§“—5m_o

bm = > 404,
q

and the difference of contrasts:

s

(5)

a? d2V
B 4
2
MPl dp

'2 a2
+ 3C2 2(10 — 3§A

d Iog Mg
Og

<¢+2@ OaOap + —5
(6)

© = ¢/Mpy

A= ZQq

where we've defmed

2 2
dlogm 1 d“m
ClEQZQQ(Tq> = q

q
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If these forces are comparable to gravity, structure
formation might happen differently than in the CDM

model.
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At late times, 0a0a dominates in the scalar eom, so

we get
y v, 3a?
2a?
22 (8)
A+ A——Cl A =0,

In matter-dominated epoch, a(r) = (7/19)?, and

_ Sl VIFEG (g
Z .

S ~ T2 A~ T2

If (1=1then v = 1.

[Aside: replacing scalar interactions by gauge interactions leads
to (1 < 0: decaying / oscillatory A]

Suppose
1 =0,=1/2

m1] — mo (10)
dmy _ dmp at ¢ = 0.
dp — do
Then we have
1= v, (11)

So it's natural to have {1 ~ O(1) in a string theory

setup.

Consider strings on a compact Kg with some .

/ dx [K d%yy/Groe~2®10 [Ryo + 4(8910)°]

2&%0
= ;T4 d4zv\/G_48_¢4 {R4 + (0q)? + laiGuvaiGW}
= / d*z\/g [R _ _(aq>4)2 + a Guva“G‘“’}
2k3o = (%f)s 2 243 = 167G = 2md/g?,

(12)
G 1S the string frame metric; Gij is the 4-d Einstein
frame metric. Let's assume Kg is a square T° at the
self-dual radius, R = va/. Put Ggg = e2¢/MPi (still
Mp; is 4-d Planck mass) and assume other S1's stay

of constant size. Then
1 1
S=fd4 [ R — =(86)2 }
x\/g Terc 2( $) +
miya = e?/Mpi moy o = e~ ¢/Mpy (13)

(1=2 G=1.
Values of {q, ¢{» don't depend on {¢) (but €21, 25
do).
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A ~ % seems clearly untenable: bound structures
form way sooner than in CDM model. Simplest way
to fix this is assume a third species of dark matter
with €23 > 1/2: then {1 < 1.

Punchline: Scalar forces are only slightly too strong

in simplest string theory construction.

Alternatively: String theory with a free modulus sits

close to the border of measurable deviations from
CDM model.
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