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gauge mediation

flux stabilisation

F-term uplifting 

ISS sourcing gauge mediation

high T

charged moduli
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• gauge mediation: natural suppression of flavour 
changing processes, works in the flat limit

• but: light gravitino, problematic c.c. cancellation, 
problems with correct electroweak breaking

• gauge and gravity mediation - can one mix them 
arbitrarily?

• or: to what extent the hidden sector needs to be 
separated from the observable one? 

• degree of cosmological tuning?
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condensation + retrofitting 

supersymetry breakdown

  in string models: 

 ❉ string instantons
 ❋ gauge instantons
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if f4 > 0 and dominant

if f4 < 0 and f6 > 0

if f4 ≈ 0

in all cases solutions exist if �X� � 10−3 MP

above this value of X the gravitational term
gives to large negative slope
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�D� ∼ f2 m3/2 ∼ f

Gauging the hidden sector - introducing moduli  
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Adding untwisted moduli





A way out: (Problematic, with S. de Alwis)
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Cosmological vacuum selection
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For	  all	  the	  cases	  we	  find	  that	  this	  second	  cri1cal	  temperatur	  is	  lower	  than	  the	  
first	  cri1cal	  	  temperature	  which	  drives	  the	  system	  to	  the	  susy	  minima.

The	  second	  cri*cal	  temperature	  at	  which	  the	  susy	  breaking	  minima	  are	  formed:

1) g4 > 0

2) g4 < 0 and g6 > 0

3) g4 ∼ 0

non-supersymmetric vacua disfavoured!
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Messengers:

• �σvn� ∼ αSMT

• Tup ∼ 1014 − 1015 GeV

• Tq ∼ mq/20

λ2|S|2�|q|2�T ∼ λ2|S|2T 2

δW = λSqq̄

Conditions for thermal equilibrium



Spurion:

• For T > mq the thermally averaged cross section for 2-2 processes with
two spurions is of the order of

Γint =< σvn >T∼
λ4α2

16π2
T

• equilibrium possible below

Teq ∼
λ4α2

16π2√g∗
= O(10−3)λ4α2

• for T < mq, the thermalization could also be achieved and the relevant
averaged cross section becomes �σvn�T ∼ α2λ4T 5/m4

q

This gives a lower bound for the equilibrium window

• For the case of mixed gauge/gravity mediation spurion doesn’t achieve
equilibrium



Conditions for the selection of the susy 
breaking vacuum

• Biased initial conditions:

Λ2
< Sinit < Λ

1) W = WI (1− ξQIS + ...) →
V � 3H
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(for instance QI = Ie − I0)
2) δK = −q

†
qI

†
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• and
Treheating < mq ∼ λ�S�

• or, for sufficiently small λ,

mq < Treheating < TS

→ S ∼ QI





Unstable S!direction

Unstable messenger!direction

gauge domination mixed gravity
domination
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W = µ2S − λSqq̄ ±Mqq̄ + c

In the global susy the theory has a susy minimum at

S = ∓M

λ
, qq̄ =

µ2

λ
,

and a susy breaking minimum at

S = q = q̄ = 0
In sugra

V0 ≈ −2cµ2(S + S†) + 4µ4 |S|2

Λ2

hence

S ≈ cΛ2/(2µ2)

Moving vacua around  



Finite temperature potential, assuming a temperature
higher than the messenger scale M is

V T =
T 2
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Note:

δW = D2(λS − Γ) leads to λS ≈ Γ if Γ�M

 Ellis, Llewellyn Smith and Ross ‘82
since δVT ∼ T 2(λS − Γ)2



Moduli at finite temperature

e.g. Tc = µ√
λ
→ µeK/4

√
λ eK/2

scaling by moduli dependent factors: 

all critical temperatures are moduli independent 

• λ→ λeK(T,T̄ )/2

• µ2 → µ2eK(T,T̄ )/2

• c→ c eK(T,T̄ )/2

• Λ→ Λ eK(T,T̄ )/2

where e.g. eK(T,T̄ )/2 = 1
(T+T̄ )3/2



Backreaction of the temperature effects on moduli

Vtot(t) = V0 + VTemp + F (T, g2 =
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conditions: V �
tot = 0 and |t− t0| ∼ t0

give new critical temperature T∗:

additional condition: TR < T∗
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Summary

Thermalization usually  makes metastable 
supersymmetry breaking cosmologically 
disfavoured

Biased initial conditions and low reheating 
temperature help to drive the system towards the 
susy breaking vacuum

Cosmological history of susy breakdown is 
rather sensitive to the nature of the hidden/
transmission sectors 



Backup



Vacua of microscopic O’R models



this assumes sugra

corrections null  



if:

the term linear in X, sourced by sugra, becomes important, and :

< X >� 10−3 MP


