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This talk

e EFTs from heterotic orbifold compactifications
e Stabilizing moduli in anti-de Sitter minima

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

e |_ow energy physics (if time---1 hope so!)
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—FTs from Heterotic Orbifolds

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

e Extra gauge groups Rank 16-4 =12

e | ots of (hon-Abelian) singlets!

e 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.

e Superpotential is specified to all orders by string selection rules.
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An

—xample: Mini-Landscape 1 (ML1)

Es ® Es — MSSM ® SUy ® SU, @ [Uy]°

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

Vaudrevange, Wingerter, ‘07

v Good Hypercharge
v MSSM spectrum

4
4
4
4

—Xxotics decouple
-=D=0 solutions exist
Heavy top

Jnification

BD, Raby,
Wingerter, 08

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

.
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An Example: Mini-Landscape 1 (ML1)

Es® By — MSSM ® SU; ® SUs ® [Uy]°

Lebedev + 6, PRLI8 (2007)

Lebedev, Nilles, Raby,

Ramos-Sanchez, Ratz, 50 % |
Vaudrevange, Wingerter, ‘07
2 40 % | [ 77 TOTAL MODELS J
"‘é 30% |
v Good Hypercharge S oo |
v MSSM spectrum &
v Exotics decouple 0% l
— [ — ' I -_—_—_
v F=D=0 solutions exist s a4 s e 7 e
v Heavy top N
J Jniﬂcation FIG. 2: As in Fig. 1 but with models of Step 8 in the fore-
ground.
BD, Raby,

Wingerter, '08 Dundee, SVP2010 5
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Other heterotic models have QC

group || finite sample | extracted €2,
Uy 99.94 95.6
SUs 97.44 98.2
SUs 47.84 97.6
Dienes and Lennek, 5Us oLl 2D
SUs 7.36 41.6
hep-th/0610319 SU-. 6.60 172
SOy 13.75 1.93
SOqg 4.83 0.21
SO=19 2.69 0.054
Eors 0.27 0.023

s, t0O0...

QCDs in the hidden
sector seem to be
Very generic

Table 1: Percentage of four-dimensional A/ = 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~1¢ indicates any SO(2n)
group with n > 6 and FEg 7 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
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.
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The Moduli in Heterotic Orbifolds

e S (dilaton) sets GUT coupling constant

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

e Other singlets, including:

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

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

<S > 4 A dimension five operator sets the\

F Uy F H Vt gauge coupling constants in string
M.

theory. Without someway to give S
— < S > ~ O ( MPL) 5 Yang-Mills sector! B

L D

a VEV, we won’t have a good

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. <S> ~~ ASUSY
This suggests :

For the dilaton, which sets the gauge coupling, this implies: ASUSY ~ MPL
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Geometric Moduli in Orbifold Compactifications

T = V{l5cosb
£o
U = -—~Z=sinf
{5 ) J\ 2
T and U are scalar fields A
(moduli) which set the volume
g ! g of the compact dimensions y
4 ] )
al — 1b
T — - ad —bc=1, a,b,c,d € Z
ol + d

J
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An Example: Mini-Landscape 1 (ML1)

SU(3) root lattice

Can also have
subgroups of SL(2,2).

16

SO(4) root lattice

° See Love and Todd,
hep-th/9606161

SL(2,Z) ® SL(2,Z) @ SL(2,7)

The superpotential
Inherits these symmetries
from the UV physics...

-

-

W — | [(e:T" +id; )W

~N

J
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Raw Materials: mini-landscape EFT's

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

e Tons 0O’ singlets

e Tons 0o’ U(1)’s with one possibly (probably) anomalous

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

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

e Dilaton VEV sets gauge coupling

Dundee, SVP2010 11
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Stabilizing Moduli
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Stabilizing the Dilaton in an AdS minimum

See, for example, KKLT

. Origin of wO?
247
Wip = Ae™ 0 > - Wo
4 )
V(s) ms/o <W>
= Mg/ ~ W
Cl) \_ 3/ Y,

S

V((5)<0=A<0
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Stabilizing T and U: Font, Ibanez, Lust and Quevedo

Modular Invariance implies a very specific form of W...
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Stabilizing T and U: Font, Ibanez, Lust and Quevedo

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

e~ 4 Wo
1 (T) 9 Dedekind eta function

WI(S,T) =
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£ Self-dual pt. is actually a saddle pt.) —> < Re (T)> ~ 1.23...
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Stabilizing T and U: Font, Ibanez, Lust and Quevedo

‘ ) “‘ ‘\\\‘\\\"“'t“ '
A TS K X777
N

ety

ST LI TS X )
\Nmnnnﬂﬂﬂxﬁagg :

LR

\‘::'0

"

i
e ,"‘Il}///,,,” T'he problem is that the
I //ll "';,%%ll”/l,lllllllllll Illlllll
Vo
-— ~ —0.8
Im

I/
L - //1/4,;"'" Il llll ' ’ ’ I
& i minima are anti-de Sitter:
3/2

Dundee, SVP2010 15

Wednesday, May 5, 2010



The Good News and the Bad News

¢ A single gaugino condensate (+ wo) can stabilize the dilaton (S)

o - ~ o —21T
e Modular invariance can stabilize Tand U: (1) = e 12 + O(e )

Dundee, SVP2010 16
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The Good News and the Bad News

¢ A single gaugino condensate (+ wo) can stabilize the dilaton (S)

— T

e Modular invariance can stabilize Tand U: (1) = e 12 + O(e

—27TT)

4 )

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

|

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

Ingredients
us
SUG) V(1)1 S

Can also find SU(4) Q — q
examples, too Q g

¢1 1 —2/7'

P2 1 —9/r

X 1 20/r

[ Also, two modquli: S and TJ

Dundee, SVP2010 18




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

Ky =—log(S+S)—3log(T+1T)

\ :

Typical modular
structure

Dundee, SVP2010 19




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

D22
@+TW

- other singlets

4 )
Assume no modular

\dependence in phi initially (n =0))
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A Model (arxiv:1002.1081 BD, Raby, Westphal)

! Non-pert. piece plus singlet- -

/ singlet couplings + Wo. ’

W = WNP + WSINGLET + WO

Dundee, SVP2010 21




Heterotic SQCD with mass terms

1

det %

M(¢,T) ( )7T¢ ~ e 12 ¢ aIaAferckDmesﬂbeD

— 872 1 1 <S> A
b 2 — = to leading order!
Asacn ~ €750 5* | g j

4 )

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

< Y.
Dundee, SVP2010 22
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Heterotic SQCD with mass terms

War = M(6, T)QG + (N, — Nf>(

/\fgj\ﬁg-—:PJj? PJC-—aDJf
det Q@ >

Dundee, SVP2010 23
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A Model: Singlet superpotential

Wainerer = X ( %O T )\¢1¢%)

(x) = 0, "Note that we have a
(p1) = 0, — SUSY vacuum for
1 ’ these singlet VEVS )

arbitrary -

(®2)

i In this (SUSY) vacuum, <WSINGLET> — ()

Dundee, SVP2010 24
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A Model: FI D Term

20 [x|* — 2|¢1|” — 9|ga|” =&

x) =0, " This solution now |
(p1) =0, satisfies
F=D=0.

Dundee, SVP2010 25
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A Model: Scorecard

v'SUSY QCD in hidden Sector \
v’/Anomalous U(1)

v'F=D=0 solutions exist
v"W=0 in the NP limit

Dundee, SVP2010 26




Generating wo

WaingLer = X ( %O + )\¢1¢§)

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

R(x) = 2
R(¢1) = R(¢2) = 0.

Dundee, SVP2010 27
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Generating wo

WaingLer = X ( %O + )\¢1¢§)

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

R(x) = 2
R(¢1) = R(¢2) = 0.

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

Wy = e 0T gy, (i)

\_ _J
Dundee, SVP2010 27
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A Specific Model
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A Specific Example

W~ (A¢p6—a5) €_b2T 4 UJ()G_bT

_87T2 b o b _297T
T 75 ~ 125 27 90
2

Wwo — 02 X 10_16

Dundee, SVP2010 29
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A Specific Example

(s) ~ 2.0 (t) ~ 1.7
(o) =~ 1.0 (p2) == 0.08
(x) = (¢1) =0

Fsm~-33x1071% Fr~47x107% F, ~1.0x10"'°

" Can check that all other singlets
are stabilized after SUSY breaking
(see paper)

. J

Dundee, SVP2010 30
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A Specific Example

(5) ~ 2.0 (t) =~ 1.7
(0) ~ 1.0 (¢2) ~ 0.08
(x) =(¢1) =0

Fsm~-33x1071% Fr~47x107% F, ~1.0x10"'°

Dundee, SVP2010 31
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A Specific Example

(s) =~ 2.0 (t) ~ 1.7
(o) =~ 1.0 (p2) == 0.08
(x) = (¢1) =0

Fg = —3.3x 107" [FT ~ 4.7 X 10—15] Fy, ~ 1.0 x 1071°

SUSY breaking “mostly” from T...

Dundee, SVP2010 31
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A Specific Example

W~ (A¢p6—aS) e—bgT 4 woe_bT

) 20
1.0

(p2) == 0.08
(x) = (1) =0
Fg = —3.3x 107" [FT ~ 4.7 x 10—15] Fy, ~ 1.0 x 10716

SUSY breaking “mostly” from T...
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A Specific Example

W ~ (A¢p —aS e~ 21 4 wge™?

(o) =~ 1.0 (p2) == 0.08
(X) = (¢1) =0
Fg = —3.3x 107" [ Fr ~ 4.7 x 10—15J Fy, ~ 1.0 x 10716

SUSY breaking “mostly” from T...
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An Interesting Potential: b > 0O

W ~ (A¢p6—a5) €_b2T 4 wOe—bT

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

Yy

I 1.x10731 )
3.x10731F | :

. 1 32 L)

25x10730F | : 8.x10732 |

~ i o o

N 503 | = 6.x10732 |

|
Q E | Q L |
02 1sx1073 - | gL axi0r|
= ? =

- i _ I [

S 1.x10 31 | N 2.x10 21
5.x10732F | 0r

0 ;\ | | | | | | | | | | | | | | | | | | | | [ _2'x10—32 7\ \‘ | | | | | | | | | | | | | | I I I | I I
2.0 2.5 3.0 3.5 40 20 2.5 3.0 3.5
Re S ReT
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Low Energy Observables

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

e Run with Softsusyv3.1 (Allanach)

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

¢ |_es Houches accords make interface easy!
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ML1A as an example

Qa Modular Weight n
Gen. 1,2 | Gen. 3 Gen. 1,2 Gen. 3
@ | 7/18 173 (0,1,0)
: U° | 7/18 2/3 (1,0,0)
f First two D¢ | —5/18 | 8/9 | (5/6,2/3,1/2) | (1/3,2/3,0)
amilies come
from 5b + 10 of L | —5/18 4/9 \ (2/3,1/3,0)
SU) Ec | 7/18 2/3 (1,0,0)
g 2 (0,0,1
H +2 (0, 0,1\;\

N\

Discrete family
symmetry => modular
weights are the same!

Idea: SUSY breaking
dominated by T3. Other T
moauli have no-scale structure.

\- J
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Low Energy Observables

~ Gravity mediation contribution [ Mo 22 1 TeV J
set by gravitino mass... i

Gaugino masses given by M.~ 9
: dilaton F term... [ a 7 299 GeVJ

| ‘A, ~ 3830 GeV,
= A terms are noq—unlvefsal A, ~ 1788 GeV.
(some assumption req’d.) ,
A, =~ 1788 GeV.
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Low Energy Observables: Scalar Masses

>

M gd 247
Gen. 1,2 Gen. 3
Mg 762 1051
Mge 762 1050
m g 761 1051
m; 761 1050
Mee 762 1050

Gravity mediation contribution set by gravitino
mass, but also a D term contribution!
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Low Energy Observables:

Observable
. ms3 /2 1049
= tan 3 25
o,
= | sen(p) -
ni, N, N3 0,0,0
1 Mgysy) -1391
CUQ) M0 112.9
= M py0 1224
= M 40 1242
m g+ 1245
B myo 101
5 My 197
2 mg 1397
2 Mg -1398
5 Mgt 197
Mg 140

Observables

. Gen. 1,2 | Gen. 3

= May, 921 114

2 M, 914 782

) mg; 924 737

~ 1

%’ mg, 911 1052

< Me, 779 955

2 Mme, 766 1037

ms 774 1020

| 0p 6.4 x 107

A 0(g —2), —5.5x 10710

2 b— sv 2.5 x 1074

S| B, — utp 3.6 x 107"

5 myr vy 117
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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!

e Parameter space scans? Cosmology?
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