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Motivations

SUSY-SO(10) GUTs
Hierarchy problem of Standard Model
Existence of Dark Matter
Gauge coupling unification
ψL = (ui ν uc

i νc di e dc
i ec)T

L , i = {r ,g,b}
Observation of neutrino oscillation

Low intermediate symmetry breaking scale?
(MR/MX ∼ 10−2)√

δm2
atm & 0.04eV ⇒ MN . 1014GeV

E.g. threshold corrections, nonrenormalizable interactions
at MPlanck , additional light fields. [Majee.et.al.]
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Overview : Two-step Symmetry Breaking

New contributions from Yν ,YN to the RGEs.
⇒ Different SUSY spectra with those of mSUGRA.
⇒ How does it change the regions of the parameter space?
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"Survival of the Fittest" [C.S.Aulakh. et.al.]

∃ Light supermultiplets with mass suppressed by the cut-off
scale.

Example: The superpotential with U(1) symmetry:
Wren = mΦΦ.
To break symmetry:

W = mΦΦ + (ΦΦ)2

2M ,

with

VD = g2

2 (|Φ|2 − |Φ|2)2.

⇒ mΦ−Φ ∼< Φ >, mΦ+Φ ∼ <Φ>2

M .
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Model

Higgs representations:
S = 54, A = 45, Σ = 126, Σ = 126

Superpotential:
W = ms

2 TrS2 + λS
3 TrS3 + mA

2 TrA2 + λTrA2S

+ mΣΣΣ + ηSΣ2S + ηSΣ
2
S + ηAΣΣA

Symmetry breaking :

SO(10)
S−−→

MX

SU(4)C × SU(2)L × SU(2)R × DP
A−−→

MC

SU(3)C × U(1)B−L × SU(2)L × SU(2)R
Σ+Σ−−−→
MR

GSM

Masses of states that do not belong to the super-Higgs
multiplet are suppresed.
⇒ Much lighter than the symmetry breaking scale.
[C.S.Aulakh. et.al., Nucl. Phys. B597 (2001), 89]
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Mass spectrum
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We chose log(MX/GeV ) = 15.5,
log(MC/GeV ) = 14.72,
log(MR/GeV ) = 13.75
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Yukawa Structure

Q < M2

WY,MSSM = YuUcQHu + YdDcQHd + YeEcLHd

M2 < Q < MR

WY,gen =
∑2

i=1

(

Yu,iUcQHu,i + Yd ,iDcQHd ,i + Ye,iEcLHd ,i
)

+1
2YNEc δ̄−−Ec ,

where
Hu/d = cosϕu/dHu/d ,1 + sinϕu/dHu/d ,2

MR < Q < MC
WY,3122 =

∑2
i=1

(

Yq,iQcQΦi + Yl,iLcLΦi
)

+ 1
2YNLc δ̄Lc

MC < Q < MX

WY,422 =
∑2

i=1 YiF cFΦi + 1
2YN

(

F cΣRF c + FΣLF
)



Introduction Model Phenomenology Summary

Phenomenology

Mi(MSUSY ) = ciM1/2
c1 ≃ 0.23; c2 ≃ 0.46; c3 ≃ 1.4
mẽR

(1TeV )

|M1(1TeV )| ≥ 1.7
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Summary

Discrepancy between seesaw scale and GUT scale can be
explained with the enhanced symmetry (breaking).

The thermal χ̃0
1 Dark Matter remains viable, for different

regions of parameter space with mSUGRA.
The effects of implying the intermediate scale are:

Smaller gaugino masses due to the enhanced gauge
symmetries and the large dimensional Higgs used to break
them.
⇒ Focus point region for the large M1/2.
Lighter sfermions because of the Dirac and Majonara
Yukawa coupling.
⇒ Coannihilation region for the small neutrino mass.
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