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hep -th /0804.XXXX ,  Emil Martinec, Daniel Robbins & S. S.

Work in progress!

Motivated by the following papers:

hep -th /0603104, Daniel Robbins, Emil Martinec + S. S.

hep -th /0601062, Ben Craps, Arvind Rajaraman + S. S.
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I  Motivation

All known consistent theories of quantum gravity 
are supersymmetric at the Planck scale. 

How then is supersymmetry broken?
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The standard picture of SUSY breaking proceeds as 
follows:

Compactify to D=4 on some
space perhaps with fluxes.

Typically preserve N=1 SUSY
and then study SUSY breaking
in effective field theory. 

Alternatively, one can try to
consider non-SUSY metastable
compactifications. 

In all cases, quantum gravity (and cosmology) is decoupled from SUSY
breaking.
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This is typically a semi-classical two step process. 

1. Find a static solution of string theory.
2. Break SUSY using the resulting four-dimensional effective theory.

When is this valid? 

Neglecting the physics of singularities near the beginning 
or end of time. 

Essentially neglecting cosmology.

Upshot: we will find indications that this is not a valid procedure
and that quantum gravity does not decouple from SUSY breaking. 

The Universe is not static!
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What we will see suggests that we need the entire history of a string
solution to determine whether it is a solution.

It is likely that some compactifications are sensible and others are not 
but you cannot tell from semi -classical considerations. 

Supersymmetric and non-supersymmetric string theory are quite 
different regardless of how low the SUSY breaking scale might appear 
to be.  

graviton dynamics SUSY breaking

correlation
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II  A Pair of Non -Supersymmetric
Backgrounds

We need some simple examples where we can try to 
understand the physics. This includes a better 
understanding of tachyon condensation.

To date, there is an extremely poor understanding of 
non-supersymmetric string theory.
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Let us consider type IIA string theory on an orbifold

L

(Scherk-Schwarz; Rohm)

When L is large, the effects of SUSY breaking are
suppressed.
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All space-time fermions get mass from the anti -periodic boundary
conditions on the circle. 

String modes on the circle are characterized by winding and 
momentum: (n,w)

Even winding w ïconventional GSO

(NS+, NS+)      (R+, NS+)      (NS+, R -)       (R+, R -)

Odd winding ïmodified GSO

(NS-, NS-)        (R -, NS-)         (NS -, R+)      (R -, R+)

tachyon!
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Level matching (including zero point energies):

Bosons      NL = NR + nw

Femions NL = NR + (n ï½) w

Spacetimebosons:  m2 = n2 /L2 + w2 L2 / ( ®ô)2 + 2( NL + NR)/ ®ô

Spacetime fermions: m2 = ( n-1/2) 2 /L2 + w2 L2 / ( ®ô)2 + 2( NL + NR)/ ®ô

(NS-, NS-) sector with odd winding then NL = N R = -1/2, n=0

(®ô)2 m2 = ( 2w+1) 2 L2 ï2.

No tachyons for L2 > 2 ®ô. 
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Lastly note that as L ! 0, all space-time fermions decouple and we 

are left with the sectors:

(NS+, NS+)      (NS -, NS-)      (R+, R -)     (R -, R+)

This is type 0A string theory. 

This twisted circle compactification is a good static tree level
solution of string theory with controlled SUSY breaking. 

Let us call this the A-twist.

At 1 string loop, a potential is generated for the dilaton and the 
radius L.

The solution becomes cosmological driving L ! 0 where tachyons

develop.
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This is the first background. The second background is simply the 
T-dual of this one!

We will call this the B-twist. It is a quotient that acts on winding 
modes.

n w

So in the T-dual theory there is a momentum mode tachyon when
the circle Lô  becomes too large! 

No tachyons when (Lô )2 < ®ô/2.

These theories are identical to all orders in string perturbation
theory since the CFTs are identical. 
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Non-perturbatively? How do we define and understand these 
backgrounds.

We will use the DLCQ approach to find a non-perturbative Matrix Model 
description.

X- ~ X- + 2 ¼R

Relate this light-like compactification to a space-like one in a decoupling
limit. The N units of momentum become D -branes. 

P+ = N/R

Let us recall how T-duality worked in the holographic description.
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Consider type IIA string theory in the DLCQ description. 

This is governed by the theory of  N D1 -strings on a world-volume 
circle of size ®ô.

String parameters (®ô, gs) 

N D1-strings on ¾3

Matrix Strings (DVV, Motl, é)
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If we compactify IIA string on T2 we expect to see T-duality in the 
SUSY case. Let the sides of the torus be (L1, L2).

Each circle compactification promotes the Dp-brane to a 
D(p+1) -brane.

So we consider D3-branes on a T^3 with sides of length 
(¾1, ¾2, ¾3) and coupling constant:


