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This talk

• EFTs from heterotic orbifold compactifications

• Stabilizing moduli in anti-de Sitter minima

• A Simple Model: Stabilizing moduli in (nearly) Minkowski vacua

• Low energy physics (if time---I hope so!)
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EFTs from Heterotic Orbifolds

3

E8 ⊗ E8 →MSSM ⊗ stuff

• Breaking such a large gauge group leaves lots of extra stuff to play with:

• Extra gauge groups Rank 16-4 = 12

• Lots of (non-Abelian) singlets!

• Typically, lots of U(1)s as well (...generally broken by singlet VEVS)

• A single anomalous, U(1)A.  Anomaly canceled by Green-Schwarz mechanism.

• Superpotential is specified to all orders by string selection rules.
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An Example: Mini-Landscape 1 (ML1)

Lebedev, Nilles, Raby, 
Ramos-Sanchez, Ratz, 

Vaudrevange, Wingerter, ’07
e1

e2

G2 root lattice

e3 e516

A2A3

16
e6

e4

SU(3) root lattice SO(4) root lattice

!

E8 ⊗ E8 →MSSM ⊗ SU4 ⊗ SU2 ⊗ [U1]
8

✓Good Hypercharge
✓MSSM spectrum
✓Exotics decouple
✓F=D=0 solutions exist
✓Heavy top
✓Unification

BD, Raby, 
Wingerter, ’08

T 6/Z6 − II

I will use this model as an 
example in what follows.

4
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An Example: Mini-Landscape 1 (ML1)

Lebedev, Nilles, Raby, 
Ramos-Sanchez, Ratz, 

Vaudrevange, Wingerter, ’07

E8 ⊗ E8 →MSSM ⊗ SU4 ⊗ SU2 ⊗ [U1]
8

✓Good Hypercharge
✓MSSM spectrum
✓Exotics decouple
✓F=D=0 solutions exist
✓Heavy top
✓Unification

BD, Raby, 
Wingerter, ’08 5

3

criterion V SO(10),1 V SO(10),2 V E6,1 V E6,2

(2) inequiv. models with 2 WL 22, 000 7, 800 680 1, 700

(3) SM gauge group ⊂ SU(5) ⊂ SO(10) (or E6) 3563 1163 27 63

(4) 3 net (3, 2) 1170 492 3 32

(5) non–anomalous U(1)Y ⊂ SU(5) 528 234 3 22

(6) spectrum = 3 generations + vector-like 128 90 3 2

(7) heavy top 72 37 3 2

(8) exotics decouple + gaugino condensation 47 25 3 2

TABLE I: Statistics of 6-II orbifolds based on the shifts V SO(10),1, V SO(10),2, V E6,1, V E6,2 with two Wilson lines.
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FIG. 2: As in Fig. 1 but with models of Step 8 in the fore-
ground.

massless spectrum to be the MSSM + vector–like mat-
ter, the fractions of models with N = 4, 5, 6 become even
closer. However, if we further require a heavy top quark
and the decoupling of exotics at order 8, N = 4 is clearly
preferred (Fig. 2). In this case, SU(4) and SO(8) groups
provide the dominant contribution. Since all or almost
all matter charged under these groups is decoupled, this
leads to gaugino condensation at an intermediate scale.
(We note that before Step 8, gaugino condensation does
not occur in many cases due to the presence of hidden
sector matter.)

Possible scales of gaugino condensation are shown in
Fig. 3. These are obtained from Eq. (3) by computing the
beta–functions for each case and using g2(MGUT) ! 1/2.

The correlation between the observable and hidden sec-
tors is a result of the fact that modular invariance con-
strains the gauge shifts and Wilson lines in the two sec-
tors. Moreover, the gauge shifts and Wilson lines deter-
mine the massless spectrum via the masslessness equa-
tions and the GSO projection.

We see that among the promising models, intermediate
scale supersymmetry breaking is preferred. The under-
lying reason is that realistic spectra require complicated
Wilson lines, which break the hidden sector gauge group.

The surviving gauge factors are not too big (unlike in
Calabi–Yau compactifications with the standard embed-
ding), nor too small.

There are significant uncertainties in the estimation of
the supersymmetry breaking scale. First, the identifica-
tion of 〈λλ〉1/3 with the RG invariant scale is not precise.
A factor of a few uncertainty in this relation leads to 2 or-
ders of magnitude uncertainty in m3/2. Also, there could
be significant string threshold corrections which can af-
fect the estimate. Thus, the resulting “prediction” for
the superpartner masses should be understood within 2-
3 orders of magnitude.

To conclude, we have considered a class of 6-II orb-
ifolds with 2 Wilson lines and SO(10) and E6 local GUT
structures. The choice of 2 Wilson lines is motivated
by the apparent similarity of the first two fermion gen-
erations, while the local GUT structures are motivated
by the quantum numbers of the SM families. We have
found that requiring realistic features in this set of mod-
els is correlated with the supersymmetry breaking scale
such that, in the context of gaugino condensation, low
energy supersymmetry is favoured.
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FIG. 3: Number of models vs. scale of gaugino condensation.

It would be interesting to extend these results to
Calabi–Yau compactifications of the heterotic string

77 total models

Lebedev + 6, PRL98 (2007)
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Other heterotic models have QCDs, too...
group finite sample extracted Ωα

U1 99.94 95.6
SU2 97.44 98.2
SU3 47.84 97.6
SU4 51.04 29.5
SU5 7.36 41.6
SU>5 6.60 1.72
SO8 13.75 1.53
SO10 4.83 0.21
SO>10 2.69 0.054
E6,7,8 0.27 0.023

Table 1: Percentage of four-dimensional N = 1 supersymmetric heterotic string models
containing various gauge-group factors at least once in their total gauge groups. Here
SU>5 indicates the appearance of any SU(n > 5) factor, while SO>10 indicates any SO(2n)
group with n ≥ 6 and E6,7,8 signifies any of the ‘E’ groups. For each gauge-group factor,
the ‘sample’ column indicates to the percentages of models exhibiting this factor across
our sample of more than one million distinct models in this class. By contrast, the Ωα

column lists the corresponding values to which these percentages would “float”, as extracted
through Eqs. (4.7) and/or (4.9). It is clear that correcting for such probability deformations
can result in abundances which are markedly different from those which appear within a
finite sample.

examination of only a finite data set.
We emphasize that although the procedures outlined in the previous section are

fairly robust, there can be numerous numerical/computational difficulties which can
cloud or obscure these results. For example, we found that it was much more difficult
to extract information concerning the SU(3) gauge-group factor than for almost any
other factor. We attribute this to the fact that the SU(3) gauge-group characteristic
is predominantly distributed amongst models with extremely small intrinsic prob-
abilities pi in this construction, making it difficult to reach significant penetration
into this set with sufficiently large values of attempts/model. Moreover, as we have
stressed in Eq. (4.6), the actual numbers of attempts/model, just like the actual
numbers of models generated, are only approximations to their mathematical expec-
tation values. When attempting to extract correlations between models whose pi are
of hierarchically different sizes, these numerical issues can become severe. These nu-
merical issues must therefore be dealt with on a case-by-case basis when attempting
to extract correlations from the landscape.

Given the results in Table 1, one might wonder why we did not quote joint proba-
bilities for the composite Standard-Model gauge group GSM ≡ SU(3)×SU(2)×U(1)
or the composite Pati-Salam gauge group GPS = SO(6) × SO(4) in Table 1. The

26

Dienes and Lennek, 
hep-th/0610319 QCDs in the hidden 

sector seem to be 
very generic

Wednesday, May 5, 2010



Dundee, SVP2010

The Moduli in Heterotic Orbifolds

• S (dilaton) sets GUT coupling constant

• T and U (volume and shape moduli) parameterize the compact dimensions

• Other singlets, including:

• “Blow up modes”: states living at orbifold fixed points which have non-
zero (left-moving) oscillator number

• Other MSSM singlets: may carry charges under extraneous U(1)’s, and set 
yukawa couplings, etc.

7
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The dilaton

8

L ⊃
�S�

Mpl
FµνFµν

⇒ �S� ∼ O (Mpl)

A dimension five operator sets the 
gauge coupling constants in string 
theory.  Without someway to give S  

a VEV, we won’t have a good 
Yang-Mills sector!

Barring large threshold corrections, we need <S>~2.

Moduli can be stabilized by radiative corrections once 
SUSY is broken, as the NR theorems no longer apply.  

This suggests :
�S� ∼ ΛSUSY

For the dilaton, which sets the gauge coupling, this implies: ΛSUSY ∼Mpl

Wednesday, May 5, 2010
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Geometric Moduli in Orbifold Compactifications

�1

�2
θ

T ≡ �1�2 cos θ

U ≡ �2
�1

sin θ

T and U are scalar fields 
(moduli) which set the volume 

of the compact dimensions

T → aT − ib

icT + d
ad− bc = 1, a, b, c, d ∈ Z

Wednesday, May 5, 2010
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An Example: Mini-Landscape 1 (ML1)

e1

e2

G2 root lattice

e3 e516

A2A3

16
e6

e4

SU(3) root lattice SO(4) root lattice

!

SL(2, Z) SL(2, Z) SL(2, Z)⊗ ⊗

The superpotential 
inherits these symmetries 

from the UV physics...
W →

�

i

(ciT
i + idi)W

Can also have 
subgroups of SL(2,Z).  
See Love and Todd, 

hep-th/9606161
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Raw Materials: mini-landscape EFT’s

• One or more QCD-like hidden sector.  (Typically one, but possibly more?)

• Tons o’ singlets

• Tons o’ U(1)’s with one possibly (probably) anomalous

• F=D(=W)=0 solutions exist in the global limit (S and T dependence of W not 
considered)

• Modular invariance of W dictates T (and, in principle, U) dependence

• Dilaton VEV sets gauge coupling

11
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Stabilizing the Dilaton in an AdS minimum

13

See, for example, KKLT

Wnp = Ae−
24π2

b S + w0

s

V�s� m3/2 ∼ �W�
⇒ m3/2 ∼ w0

V (�S�) < 0 ⇒ Λ < 0

Origin of w0?

Wednesday, May 5, 2010
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Stabilizing T and U: Font, Ibanez, Lust and Quevedo

14

Modular Invariance implies a very specific form of W...

Dedekind eta function
W(S, T ) =

e−aS + w0

η(T )6

Wednesday, May 5, 2010
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Stabilizing T and U: Font, Ibanez, Lust and Quevedo

14

Modular Invariance implies a very specific form of W...

Dedekind eta function

Self-dual pt. is actually a saddle pt. ⇒ �Re(T )� ∼ 1.23...

The minimum in the Re(T) 
direction is always “near 

the self-dual point”. 

W(S, T ) =
e−aS + w0

η(T )6

Wednesday, May 5, 2010
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Modular Invariance implies a very specific form of W...

W(S, T ) =
e−aS + w0

η(T )6

V0

3m2
3/2

∼ −0.8

The problem is that the 
minima are anti-de Sitter:

Stabilizing T and U: Font, Ibanez, Lust and Quevedo

Wednesday, May 5, 2010
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The Good News and the Bad News

• A single gaugino condensate (+ w0) can stabilize the dilaton (S)

• Modular invariance can stabilize T and U:

16

η(T ) ≈ e
−πT
12 +O(e−2πT )

We always end up in an anti-de Sitter vacuum!

Wednesday, May 5, 2010
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17

η(T ) ≈ e
−πT
12 +O(e−2πT )

We always end up in an anti-de Sitter vacuum!
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A Model (arxiv:1002.1081 BD, Raby, Westphal)

18

Ingredients

A for Anomalous

Also, two moduli: S and T

SU(5) U(1)A

Q � q
Q̃ �̄ q̃
φ1 1 −2/r
φ2 1 −9/r
χ 1 20/r

Can also find SU(4) 
examples, too

Wednesday, May 5, 2010
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A Model (arxiv:1002.1081 BD, Raby, Westphal)

19

Km = − log(S + S̄)− 3 log(T + T̄ )

Typical modular 
structure

W =Wnp +Wsinglet

K = Km +
φ̄2φ2

(T + T̄ )n
+ other singlets

Wednesday, May 5, 2010
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A Model (arxiv:1002.1081 BD, Raby, Westphal)

20

Km = − log(S + S̄)− 3 log(T + T̄ )

Assume no modular 
dependence in phi initially (n=0)

W =Wnp +Wsinglet

K = Km +
φ̄2φ2

(T + T̄ )n
+ other singlets

Wednesday, May 5, 2010
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K = Km +
φ̄2φ2

(T + T̄ )n
+ other singlets in Walex

A Model (arxiv:1002.1081 BD, Raby, Westphal)

21

Km = − log(S + S̄)− 3 log(T + T̄ )
Non-pert. piece plus singlet-

singlet couplings + Wo.

W =Wnp +Wsinglet +W0

Wednesday, May 5, 2010
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Heterotic SQCD with mass terms

1
g2

= �S�

22

Wnp =M(φ, T )QQ̃ + (Nc −Nf )
�

Λ3Nc−Nf

det QQ̃

� 1
Nc−Nf

a la Affleck, Dine, Seiberg...M(φ, T ) = η(T )γT φr ≈ e
γT π
12 φr

Λsqcd ∼ e
−8π2
bsqcd

1
g2

Strategy: Integrate out all of the flavors 
and work in the pure gauge limit.

to leading order!
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Heterotic SQCD with mass terms

23

Wnp =M(φ, T )QQ̃ + (Nc −Nf )
�

Λ3Nc−Nf

det QQ̃

� 1
Nc−Nf

Wnp(S, T, φ) = Nc

�
φre

γT π
12

�Nf /Nc

e
−8π2

Nc
S

Wednesday, May 5, 2010
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�Wsinglet� = 0

A Model

24

A Model: Singlet superpotential

�χ� = 0,

�φ1� = 0,

�φ2� = arbitrary

Note that we have a 
SUSY vacuum for 
these singlet VEVS

⇒ In this (SUSY) vacuum,

Wsinglet = χ
�
φ10

1 + λφ1φ
2
2

�

Wednesday, May 5, 2010
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A Model

25

A Model: FI D Term

20 |χ|2 − 2 |φ1|2 − 9 |φ2|2 = ξ

This solution now 
satisfies 

F = D = 0.

�χ� = 0,

�φ1� = 0,

�φ2� =
�

ξ

9
.
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A Model

26

A Model: Scorecard

20 |χ|2 − 2 |φ1|2 − 9 |φ2|2 = ξ

This solution now 
satisfies 

F = D = 0.

�χ� = 0,

�φ1� = 0,

�φ2� =
�

ξ

9
.

✓SUSY QCD in hidden Sector
✓Anomalous U(1)
✓F=D=0 solutions exist
✓W=0 in the NP limit

Wednesday, May 5, 2010
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Generating

27

The singlet superpotential is calculated to some finite 
order, and has an (approximate) R symmetry:

Wsinglet = χ
�
φ10

1 + λφ1φ
2
2

�

R(χ) = 2
R(φ1) = R(φ2) = 0.

w0

Wednesday, May 5, 2010
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Generating

27

The singlet superpotential is calculated to some finite 
order, and has an (approximate) R symmetry:

Wsinglet = χ
�
φ10

1 + λφ1φ
2
2

�

R(χ) = 2
R(φ1) = R(φ2) = 0.

W0 = e−bT w0

Explicitly broken R symmetries are a generic feature of 
the heterotic models, and can generate w0:

Kappl, et al., 
arXiv:0812.2120(hep-th)

w0
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A Specific Example

29

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

b =
8

125
b2 =

29π

20

r = 15p p =
2
5

a =
8π2

5

A = 45

w0 = 62× 10−16
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Can check that all other singlets 
are stabilized after SUSY breaking

(see paper)

A Specific Example

30

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

�s� ≈ 2.0

�σ� ≈ 1.0 �φ2� ≈ 0.08

�χ� = �φ1� = 0

�t� ≈ 1.7

FS ≈ −3.3× 10−16 FT ≈ 4.7× 10−15 Fφ2 ≈ 1.0× 10−16
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A Specific Example

31

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

�s� ≈ 2.0

�σ� ≈ 1.0 �φ2� ≈ 0.08

�χ� = �φ1� = 0

�t� ≈ 1.7

FS ≈ −3.3× 10−16 FT ≈ 4.7× 10−15 Fφ2 ≈ 1.0× 10−16
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SUSY breaking “mostly” from T...

A Specific Example

31

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

�s� ≈ 2.0

�σ� ≈ 1.0 �φ2� ≈ 0.08

�χ� = �φ1� = 0

�t� ≈ 1.7

FS ≈ −3.3× 10−16 FT ≈ 4.7× 10−15 Fφ2 ≈ 1.0× 10−16
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SUSY breaking “mostly” from T...

A Specific Example

31

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

�s� ≈ 2.0

�σ� ≈ 1.0 �φ2� ≈ 0.08

�χ� = �φ1� = 0
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Wednesday, May 5, 2010



Dundee, SVP2010

SUSY breaking “mostly” from T...

A Specific Example

31

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

�s� ≈ 2.0

�σ� ≈ 1.0 �φ2� ≈ 0.08

�χ� = �φ1� = 0

�t� ≈ 1.7

FS ≈ −3.3× 10−16 FT ≈ 4.7× 10−15 Fφ2 ≈ 1.0× 10−16

�= 1.234...
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An Interesting Potential: b > 0

32

The dilaton sees KKLT The T modulus sees a 
Racetrack (when b > 0)

2.0 2.5 3.0 3.5
�2.�10�32

0

2.�10�32

4.�10�32

6.�10�32

8.�10�32

1.�10�31

Re T

V F
�ReT

�

2.0 2.5 3.0 3.5 4.0
0

5.�10�32

1.�10�31

1.5�10�31

2.�10�31

2.5�10�31

3.�10�31

Re S

V F
�ReS

�

W ∼
�
Aφpe−aS

�
e−b2T + w0e

−bT

Wednesday, May 5, 2010



Dundee, SVP2010

Low Energy Observables

• Derive soft masses (Brignole, Ibanez, Munoz; Minetruy, Gaillard, Nelson)

• Run with SoftSUSYv3.1 (Allanach)

• Check other observables (FCNC, EW precision obs., WMAP data, etc.) with 
micrOMEGASv2.1 (Belanger, Boudjema, Pukhov, Semenov)

• Les Houches accords make interface easy!

33
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ML1A as an example

34

QA Modular Weight !n
Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3

Q 7/18 4/3

(5/6, 2/3, 1/2)

(0,1,0)
Uc 7/18 2/3 (1,0,0)
Dc −5/18 8/9 (1/3, 2/3, 0)
L −5/18 4/9 (2/3, 1/3, 0)
Ec 7/18 2/3 (1,0,0)
Hu −2 (0, 0, 1)
Hd +2 (0, 0, 1)

Table 5: Modular weights and U(1)A charges of the MSSM states in the
“mini-landscape” benchmark model 1. See [9] for details.

5.3 Hierarchy of F -terms

Note that in Section 3, we found (roughly)

FT ! Fφ2 >> FS, (78)

where
FI ≡ WI + WKI . (79)

When one includes the relevant factors of the Kähler metric, we have

F T > F S ∼ F φ2 . (80)

F S is enhanced by a factor of KSS̄ ∼ (2 + 2)2, while F φ2 is decreased by a
factor of Kφ2φ̄2 ∼ (2)−1/2.15 This means that although the singlet field φ2

was a dominant source of SUSY breaking, it is the least important when
computing the soft terms, given the one condensate hidden sector of the
known “mini-landscape” models studied in Section 3.16 The F terms for this
(semi-realistic) single condensate set-up we studied are listed in Table 5.

Taking the details of the “mini-landscape” models into account, the soft
terms at the string scale are given in Table 6.

15This is due to the assumed modular weight of the field φ2 (assumption 5 in Section
5.2).

16In racetrack models FS is suppressed by more than an order of magnitude. In this
case Fφ2

is dominant.

30

First two 
families come 
from 5b + 10 of 

SU(5)

Discrete family 
symmetry => modular 
weights are the same!Idea: SUSY breaking 

dominated by T3.  Other T 
moduli have no-scale structure.
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Low Energy Observables

35

Gravity mediation contribution 
set by gravitino mass...

Gaugino masses given by 
dilaton F term...

A terms are non-universal 
(some assumption req’d.)

m3/2 ≈ 1 TeV

Ma ≈ 253 GeV

At ≈ 3830 GeV,

Ab ≈ 1788 GeV,

Aτ ≈ 1788 GeV.
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Low Energy Observables: Scalar Masses

36

Gravity mediation contribution set by gravitino 
mass, but also a D term contribution!

Case 1 Case 2
F S 6.3× 10−16 4.2× 10−16

F T −2.2× 10−15 −1.4× 10−15

F φ2 −1.2× 10−17 −8.2× 10−18

Table 3: The hierarchy of F terms in the three examples of the single con-
densate model we studied. Note that FΦ is defined in Eqn. (??). All of
the F terms contribute to the soft masses, as they are all within an order of
magnitude.

All Masses in GeV
Parameter Case 1 Case 2 Case 3

m3/2 1418 1049
mHu 730i 237
mHd 893 247
M1 381 + 0.4n1 + 0.1n3 253− 0.2n1 − 0.1n3

M2 381 + 1.2n2 253− 0.8n2

M3 381 + 1.2n3 253− 0.8n3

At 5101 3830
Ab 2359 1788
Aτ 2359 1788

Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3
mq̃ 1256 2210 762 1051
mũc 1256 1831 762 1050
m

d̃c 843 1966 761 1051
m�̃ 843 1686 761 1050
mẽc 1256 1831 762 1050

Table 4: Boundary conditions at the string scale. n3, n2, n1 refer to possible
intermediate mass vector-like exotics which couple to the SUSY breaking
field φ2, see Eqn. (??). Note that some points have tachyonic boundary
conditions at the string scale.
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All other moduli have mass greater than of order 100 TeV. In all cases,

the LMM is mostly dilaton (Re [S]), and the nLMM is mostly the complex

structure modulus (Re [T ]).
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All parameters are defined at Mw ≈ 80 GeV , unless otherwise noted, and

Msusy ≈
√

m̃t1m̃t2 . The last two rows give the lightest massive modulus

(mLMM) and the next to lightest massive modulus (mnLMM), respectively.

All other moduli have mass greater than of order 100 TeV. In all cases,

the LMM is mostly dilaton (Re [S]), and the nLMM is mostly the complex

structure modulus (Re [T ]).

3

All Masses in GeV
Observable Case 1A Case 1B Case 2 Case 3A Case 3B

In
p
u
t
s

m3/2 1418 1418 1049

tan β 10 10 25

sgn(µ) + − −
n1, n2, n3 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0

E
W

S
B

µ(Msusy) 2241 -2240 -1391

mh0 113.6 116.6 112.9

mH0 2394 2391 1224

mA0 2397 2385 1242

mH+ 2399 2387 1245

M
a
(
M

su
sy

) M1 157 157 100

M2 288 288 186

M3 829 822 580

g̃ mg̃ 935 935 634

C
h
a
r
g
./

N
e
u
t
. mχ̃0

1
156 157 101

mχ̃0
2

303 307 197

mχ̃0
3

-2331 2230 1397

mχ̃0
4

2232 -2231 -1398

mχ̃±1
303 307 197

mχ̃±2
2234 2233 140

S
q
u
a
r
k
s
/
S
le

p
t
o
n
s

Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3
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mũ2 1450 1683 1450 1680 914 782

m
d̃1

1461 1461 1461 1461 924 737

m
d̃2

1106 1106 1106 1898 911 1052
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mẽ2 1259 1259 1259 1678 766 1037

mν̃ 875 1613 872 1613 774 1020

O
t
h
e
r

O
b
s
.

δρ 1.1× 10−5 9.6× 10−6 6.4× 10−5

δ(g − 2)µ 1.3× 10−10 −1.3× 10−10 −5.5× 10−10

b→ sγ 3.7× 10−4 3.4× 10−4 2.5× 10−4

Bs → µ+µ− 3.1× 10−9 3.1× 10−9 3.6× 10−9

mLMM 175 175 117

mnLMM 29897 29897 21573

Table 5: Weak scale observables, with no contribution from gauge mediation:

n3 = n2 = n1 = 0 , see Eqn. ??. We have listed the mass eigenstates of

the squarks and sleptons. Note that for light generations, mũ1 ≈ mũL , etc.
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mẽ2 1259 1259 1259 1678 766 1037

mν̃ 875 1613 872 1613 774 1020

O
t
h
e
r

O
b
s
.

δρ 1.1× 10−5 9.6× 10−6 6.4× 10−5

δ(g − 2)µ 1.3× 10−10 −1.3× 10−10 −5.5× 10−10

b→ sγ 3.7× 10−4 3.4× 10−4 2.5× 10−4

Bs → µ+µ− 3.1× 10−9 3.1× 10−9 3.6× 10−9

mLMM 175 175 117

mnLMM 29897 29897 21573

Table 5: Weak scale observables, with no contribution from gauge mediation:

n3 = n2 = n1 = 0 , see Eqn. ??. We have listed the mass eigenstates of

the squarks and sleptons. Note that for light generations, mũ1 ≈ mũL , etc.
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All parameters are defined at Mw ≈ 80 GeV , unless otherwise noted, and

Msusy ≈
√

m̃t1m̃t2 . The last two rows give the lightest massive modulus

(mLMM) and the next to lightest massive modulus (mnLMM), respectively.

All other moduli have mass greater than of order 100 TeV. In all cases,

the LMM is mostly dilaton (Re [S]), and the nLMM is mostly the complex

structure modulus (Re [T ]).

3

All Masses in GeV
Observable Case 1A Case 1B Case 2 Case 3A Case 3B

In
p
u
t
s

m3/2 1418 1418 1049

tan β 10 10 25

sgn(µ) + − −
n1, n2, n3 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0

E
W

S
B

µ(Msusy) 2241 -2240 -1391

mh0 113.6 116.6 112.9

mH0 2394 2391 1224

mA0 2397 2385 1242

mH+ 2399 2387 1245

M
a
(
M

su
sy

) M1 157 157 100

M2 288 288 186

M3 829 822 580

g̃ mg̃ 935 935 634

C
h
a
r
g
./

N
e
u
t
. mχ̃0

1
156 157 101

mχ̃0
2

303 307 197

mχ̃0
3

-2331 2230 1397

mχ̃0
4

2232 -2231 -1398

mχ̃±1
303 307 197

mχ̃±2
2234 2233 140

S
q
u
a
r
k
s
/
S
le

p
t
o
n
s

Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3
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mẽ1 876 1613 876 876 779 955
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mũ2 1450 1683 1450 1680 914 782

m
d̃1

1461 1461 1461 1461 924 737

m
d̃2

1106 1106 1106 1898 911 1052
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All parameters are defined at Mw ≈ 80 GeV , unless otherwise noted, and

Msusy ≈
√

m̃t1m̃t2 . The last two rows give the lightest massive modulus

(mLMM) and the next to lightest massive modulus (mnLMM), respectively.

All other moduli have mass greater than of order 100 TeV. In all cases,

the LMM is mostly dilaton (Re [S]), and the nLMM is mostly the complex

structure modulus (Re [T ]).

3

All Masses in GeV
Observable Case 1A Case 1B Case 2 Case 3A Case 3B

In
p
u
t
s

m3/2 1418 1418 1049

tan β 10 10 25

sgn(µ) + − −
n1, n2, n3 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0

E
W

S
B

µ(Msusy) 2241 -2240 -1391

mh0 113.6 116.6 112.9

mH0 2394 2391 1224

mA0 2397 2385 1242

mH+ 2399 2387 1245

M
a
(
M

su
sy

) M1 157 157 100

M2 288 288 186

M3 829 822 580

g̃ mg̃ 935 935 634

C
h
a
r
g
./

N
e
u
t
. mχ̃0

1
156 157 101

mχ̃0
2

303 307 197

mχ̃0
3

-2331 2230 1397

mχ̃0
4

2232 -2231 -1398

mχ̃±1
303 307 197

mχ̃±2
2234 2233 140

S
q
u
a
r
k
s
/
S
le

p
t
o
n
s

Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3 Gen. 1,2 Gen. 3
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mũ2 1450 1683 1450 1680 914 782

m
d̃1

1461 1461 1461 1461 924 737

m
d̃2

1106 1106 1106 1898 911 1052
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Conclusions
• The major obstacle to realistic heterotic orbifold compactifictions is currently 

the moduli stabilization problem

• We have shown, under very general considerations, how this may be 
addressed using only a single gauge condensate and the assumption of 
modular invariance

• Interesting low energy physics! 

• Parameter space scans?  Cosmology?
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