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Outline

1 Towards hybrid models of Supersymmetry breaking

2 The rise of a light neutralino

This talk is based on 0808.0562[hep-ph], to appear in Nucl.
Phys. B.
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SQCD and SUSY breaking

Duality

quarks Q and anti-quarks Q̃
with Nc colors, Nf flavors
For Nc < Nf < 3/2Nc

m

Nf flavors, N= Nf − Nc colors
quarks q, antiquarks q̃ and
meson X

Superpotential

W = hqXq̃ − hµ2 TrX

Intriligator, Seiberg and Shih,
hep-th/0602239

Why SUSY is broken

FX i
j

= hqa
i q̃j

a−hµ21I
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Mediation of SUSY breaking : General Scheme

Gravity Mediation
Natural µ, Bµ
Generates Flavor
Changing Neutral Currents
LSP neutralino

Gauge Mediation

Have to find a mechanism
to generate µ, Bµ
Flavor Blind process
LSP gravitino
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Having both mediations

Order of magnitude

Gauge mediation
ΛGM ∼ α

4π
F
M

Gravity mediation
m32 ∼

F
MPl

Heavy messengers

m3/2 ∼ (0.01− 0.1)ΛGM

→ M ∼ 1013 − 1014 GeV

Do messengers interact with the GUT sector ?
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Model : coupling messengers to the GUT sector

Our Model
Lets consider

ISS as a hidden sector
Messengers coupled to the other fields by φ(λX X + λΣΣ)φ̃,
with Σ = diag(2,2,2,-3,-3)v that breaks SU(5)

Model bulding characteristics

Why studying this coupling ?
Gravitational effects : m3/2 ∼ (0.1− 0.01)ΛGM

One free parameter λΣ

Doublet and triplet messengers have different masses
M = λΣ6vY
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Shape of potentials

Quantum Corrections at one loop for ISS + messengers

<X>

V
We can explicitely compute the
Coleman-Weinberg potential
and we find

Metastability for λX < 10−2

< X >6= 0

Mass term for the Higgs
Non-renormalisable term ... but non negligeable !
W1 = λ1

qq̃
MPl

HuHd → µ

W2 = λ2
X 2

MPl
HuHd → Bµ
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UV spectrum

5-5̄

M3 = 1
2 Nm

α3
4π

λX FX
λΣv

M2 = − 1
3 Nm

α2
4π

λX FX
λΣv

m2
Q : m2

Uc : m2
Dc : m2

L : m2
Ec

≈ 0.79 : 0.70 : 0.68 : 0.14 : 0.08

10-1̄0

M3 = 7
4 Nm

α3
4π

λX FX
λΣv

M2 = 3 Nm
α2
4π

λX FX
λΣv

m2
Q : m2

Uc : m2
Dc : m2

L : m2
Ec

≈ 8.8 : 5.6 : 5.5 : 3.3 : 0.17

Commun feature

M1,1−loop,GM ∼ Tr(Y 2/M)
M1,1−loop,GM ∼ Tr(Y ) = 0 !
M1 ∼ m3/2

6=
Universality for gauginos
M1 : M2 : M3 = α1 : α2 : α3

How far can we go in the
hierarchy ?
Limits come from

Heavy masses for the
messengers
Gravitational effects
interesting
Neutralino LSP
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IR spectrum

Constraint by Dark Matter
What are the bounds on mχ0

1
?

No bound from colliders !
bound from dark matter constraint (relic density)

What is the ligthest neutralino that we can build in this model ?
mχ0

1
≤ 40 GeV would need R-parity violation

mχ0
1
∼ 40 GeV with light sleptons

mχ0
1
≥ 40 GeV but less interesting for the moment...

FCNC
Light Sleptons→ FCNC in the lepton sector
Difficult to avoid because of the very few parameters of the
model
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GMSB vs hybrid mediation

From B.C. Allanach et al., hep-ph/0202233
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GMSB vs hybrid mediation
From B.C. Allanach et al., hep-ph/0202233
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Conclusions

From the model building point of view
Explicit models of supersymmetry breaking
Quite constrained model
Correct EWSB
Correct relic abundance
Still FCNC

Even if gauge mediation, light neutralino as a signature
Waiting for the LHC ...
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Datas
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mSUGRA vs hybrid mediation

From B.C. Allanach et al., hep-ph/0202233
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Comparisons
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