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* Moduli Stabilization met remarkable
progress in recent years (mainly type I)

* Uses Fluxes (Hs, F3, ...) as essential tool

However ...

* No string description of fluxes so far at any scale

* gauge coupling unification only “by hand” in type ll

In heterotic strings H-flux is often problematic ...

Go back to moduli stablization and SUSY breaking
in flux-less, perturbative heterotic strings
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® stabilization of the universal heterotic string moduli
S (dilaton) and T (Kahler volume modulus) in a non-
SUSY (near) Minkowksi vacuum such that

recall: S ~ 2 for o ~ 2
then 7' < 2 for g5 < 1

S~T2Z1

m3/2 z TeV

mg ~ mp 2 TeV
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Flux-less moduli stabilization - The Racetrack
K = — IH(S -+ S) : W = Ale_a’ls — A26_a2s [Krasnikov]

Vi = eK(ng\MF —3|W|*) has SUSY AdS minimum at

1 a9
So = In > 1 : :
Gy — a1 a ~ >>1, integrate out massive flavors

[Casas, de Carlos & Munoz]

Consider 2 classes of racetracks

[Dixon, Kaplunovski, Louis]
Were = Ase KEHDI_ 4o

WRTg — (AQG_QQS — A3€_a3s)6_7T — Ale_als

RT2: has a non-SUSY minimum, Fr # 0, but still AdS
RT3: has a SUSY AdS minimum in Sand T !
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SUSY breaking - add one more condensate: SU(N) with
Ny flavors @, @ such that N < Ny < 3N/2 - realizes ISS

[Intriligator, Seiberg & Shih]
case: Ny = N + 1, flat space analysis
Dynamics of baryons ¢ ~ QN , ¢ ~ QV & mesons ® ~ QQ below Ajss

det @

N -2
AISS

Wiss = Tr '@ — p*Tr @ A

® < < Ajgg: determinant piece negligible, SUSY-breaking vacuum at

_ e R
CI)o—(ON Ci>0>_0 7 900—900—<ON>

1 << ® < Ajgg: trilinear piece negligible, SUSY vacuum at

~ H
psusy = psusy =0, Pgusy = Gyt Gy = ——
(N—-2)/N f AISS

€1ss




embedding into heterotic supergravity - 4 and Ajsg S-dependent

the full system is now:

W=Wrr+Wiss , p*(S)=e" , Aigg=e 2N

K=-3In(T+T)—1In(S+95)+Kiss
D Y e ————
KRt

Kisg now essentially unknown, allow for S- and 7T-dependence, take

Tr o7  Tr(eTe + ¢'9)

NS = T TS+ 8y T T+ T)P(S 1 9)

Study of full Vi (S, T, ®, ¢, p) is hard. Expand in powers of y < 1

W = We —F Gy el e e T
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— results in a mass term ~ p?|®|?

2
Fs

Vs~ ut (1,7 =289,T) — we get

Vier= eKRT (KE{JTDiWRTDjWRT = B‘WRTIQ —|‘)

Requiring Minkowski vacuum determines size of Wgr

Wrr ~ pp = #°(So) = ms/2 = e™/2|Wo| ~ Mo

— stabilizes S and 1" very similarly to the racetrack alone.

Vi ~ 1O then shifts all fields by negligibly small amounts ~ u?

see also [Dudas, Papineau & Pokorski; Abe et al.]

The SUSY vacuum of ISS is still there - as it is
AdS, the non-SUSY vacuum is meta-stable
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Controlled by three seales

& The Planck scale M p; :sets the moduli VEVs

+ Intermediate scale Lo ~ €

: meson/baryon masses, F-term scale
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(Pseudo-) realistic wmodels

The racetrack and the “uplifting” ISS sector both come from a

strongly coupled hidden gauge sector of the heterotic string:
rank < |2

Assume no light charged matter ...
except for the ISS flavors

explained with dynamical mechanism
(retro-fitting) [Dine, Feng & Silverstein]




RT3 RT?2

Sp(4)? x SU(4)* x Gyis SU(4) x SU(5)? X Gyis
Aq 1/4 1/200
As 3 4
As 1/1000 S
(S) 1.20 1.69
(T 1.40 1.57
Lo 1.2-10 GeV 1.0 - 10 GeV
v 2.4-10" GeV 2.3-10" GeV
M 3500 TeV 2300 TeV
My 8.6 TeV 0.9 TeV
ms /2 1.1 TeV 0.6 TeV
C.C./3m3/2 —0.04 —0.03
€ISS 0.04 0.12
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bloser look at moduli stabilization in the perturbative
neterotie string ¢ rmmumf’ yity level

JJJ/J' VLY T DEr rf/u JJ'/J//J,muwbu oL b:’f modyli
stabiliza FU/ MY Jowy enzryy SUSY brzasdng In 2 (pneariy)
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ARG SIAT yuuum

wﬂ Juestions:
explicit heterotic ~-rm g embedding (Zs- JJ wlf IJJL {
- dynawics S 0T massive tlavors responsible tor the A
2 \UJII terms
- V-terms, anomalous Ul1)'s
- inflation driven by the moduli / mesons




