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• Predicts right-handed neutrino (νc ) → natural see-saw mechanism
• Restores left-right symmetry
• R-Parity is automatically conserved (in some models)
• Viable leptogenesis scenarios...
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Models:
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• DR3 models (DT+RHN+3GS):
All D-terms
Right handed neutrino effect on the RGEs (for Q & MN = 1013 GeV)
Allows m16(3) 6= m16(1, 2) (achieved through MP → MGUT running)
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Yukawa Unified models at the Weak Scale

R = max[ft , fb, fτ ]/ min[ft , fb, fτ ]

General features:

• mq̃(1, 2), mℓ̃ ∼ 10 TeV

• µ ∼ 2-15 TeV

• eZ1 ∼ bino

• eZ2 ∼ wino

• mq̃(3) ∼ 1 − 5 TeV

• mg̃ ∼ 300 − 500 GeV

• m eW1,eZ2
∼ 100 − 180 GeV

• meZ1
∼ 50 − 90 GeV
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Yukawa Unified models at the Weak Scale

R = max[ft , fb, fτ ]/ min[ft , fb, fτ ]

General features:

• mq̃(1, 2), mℓ̃ ∼ 10 TeV

• µ ∼ 2-15 TeV

• eZ1 ∼ bino

• eZ2 ∼ wino

• mq̃(3) ∼ 1 − 5 TeV

• mg̃ ∼ 300 − 500 GeV

• m eW1,eZ2
∼ 100 − 180 GeV

• meZ1
∼ 50 − 90 GeV

⇒ Low energy
effective theory
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HS Model: DR3 Model:
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Yukawa Unified models at the Weak Scale

HS Model:
• mt̃1

< mb̃1

• b̃1 ∼ b̃L, b̃2 ∼ b̃R

g̃ b̃L

eZ2

b

b

eZ1

Z , h

• 2-step cascade decay

• OS/SF dileptons

• Multi-b’s

• ”Soft” 6ET

DR3 Model:
• mt̃1

> mb̃1

• b̃1 ∼ b̃R , b̃2 ∼ b̃L

g̃ b̃R

eZ1

b

b

• 1-step cascade decay

• No leptons

• Multi-b’s

• ”Hard” 6ET
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Benchmark Points

HSb:
m16 = 10 TeV, m10 = 12 TeV,
MD = 3.3 TeV, m1/2 = 44 GeV,

A0 = −2 TeV, tan β = 50

DR3b:
m16 = 12 TeV, m16(3) = 11 TeV, m10 = 14 TeV
MD = 1.9 TeV, m1/2 = 27 GeV,

A0 = −2.3 TeV, tan β = 50
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Tevatron Searches - HS

Cuts:
• 1 jet with |η| < 0.8 and
• n(l) = 0, n(j) ≥ 4, ∆φ(j1, j2) < 160◦

6ET HT ET (j1) ET (j2) ET (j3) ET (j4)
BMPT ≥ 75 GeV – 15 15 15 15
CDF ≥ 90 GeV 280 95 55 55 25
D0 ≥ 100 GeV 400 35 35 35 20
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⇒ Multi-b signal should probe up to mg̃ ∼ 400 (440) GeV for 5 (10) fb −1!
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⇒ Multi-b signal should probe up to mg̃ ∼ 400 (440) GeV for 5 (10) fb −1!
⇒ R . 1.04 (1.05)
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LHC7 Searches

Cuts:
• Jet cuts: n(j) ≥ 4 with ET (j) ≥ 50 GeV, η(j) ≤ 3, ET (j1) ≥ 100 GeV
• Lepton cuts: ET (ℓ) ≥ 10 GeV and η(ℓ) ≤ 2
• ST ≥ 0.2, 6ET > 100 GeV
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LHC7 Searches

Cuts:
• Jet cuts: n(j) ≥ 4 with ET (j) ≥ 50 GeV, η(j) ≤ 3, ET (j1) ≥ 100 GeV
• Lepton cuts: ET (ℓ) ≥ 10 GeV and η(ℓ) ≤ 2
• ST ≥ 0.2, 6ET > 100 GeV
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LHC7 Searches

Dilepton Signal

• HSb: g̃ → eZ2 + bb̄ (63 %)
• DR3b: g̃ → eZ2 + bb̄ (11%) l−
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Complementary Dilepton Signal:
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Conclusions

Summary

Requiring Yukawa unification significantly constraints the low energy
SUSY spectrum

Yukawa unified models have very distinct signatures

At the Tevatron:

• models with mg̃ . 400 GeV can be probed
• unification up to 5% can be tested

At the LHC7:
• models with mg̃ . 650 GeV can be probed
• unification can be tested up to 10-14 % !
• this class of models can be excluded
• different channels can provide additional evidence for Yukawa unification
• Meff , m(b, b) and m(l+l−) could provide the first clues for the low energy

sparticle masses
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• • 1-loop RGEs:

d(Mi /αi )
dt = 0 ⇒ α1

M1
= α2

M2
= α3

M3
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• 2-loop RGEs:

d(Mi /αi )
dt =

∑
a=t,b,τ Ca

i f 2
a Aa + O(M)
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• 2-loop RGEs:

d(Mi /αi )
dt =

∑
a=t,b,τ Ca

i f 2
a Aa + O(M)

⇒ α1
M1

6= α2
M2

6= α3
M3

(A0 ≫ m1/2)
→ lower gluino masses are allowed!

• LEP2 limit: mg̃ & 320 GeV
(mg̃ & 425 GeV in mSUGRA)
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HS Model

(Baer et al., JHEP0803 (2008), 056)

⇒ R =
max[ft ,fb,fτ ]
min[ft ,fb,fτ ]

< 1.1, 1.05
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HS Model

(Baer et al., JHEP0803 (2008), 056)

⇒ R =
max[ft ,fb,fτ ]
min[ft ,fb,fτ ]

< 1.1, 1.05

Unification is obtained at the . 5% level, if:

• m16 ∼ 3-15 TeV
• A0 ∼ −2m16
• m10 ∼ 1.2m16
• m1/2 ≪ m16
• tan β ∼ 50
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DR3 vs HS

Parameter space: m16, m16(3), m10, m1/2, A0, tan β, sign(µ), MD

(Baer et al., JHEP0909 (2009), 005)

• m16 ∼ 8-15 TeV

• m16(1, 2) & m16(3)
(consistent with MP → MGUT running)

• MD is more constrained
(tachyonic scalars)
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DR3 vs HS

Parameter space: m16, m16(3), m10, m1/2, A0, tan β, sign(µ), MD

(Baer et al., JHEP0909 (2009), 005)

• m16 ∼ 8-15 TeV

• m16(1, 2) & m16(3)
(consistent with MP → MGUT running)

• MD is more constrained
(tachyonic scalars)

• R ≥ 1.025
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Phenomenology of Yukawa Unified models

Masses:

(Baer et al., JHEP0909 (2009), 005)

• TeV scale 3rd generation

• mg̃ . 500 GeV
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Phenomenology of Yukawa Unified models

Masses:

(Baer et al., JHEP0909 (2009), 005)

• TeV scale 3rd generation

• mg̃ . 500 GeV

• D-Term in DR3:
m2

b̃R
= m2

16 − 3M2
D

m2
t̃,b̃L

= m2
16 + M2

D

⇒ mb̃R
is the lightest squark state
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Tevatron Searches - HS

Heavy squarks → large cross-sections!
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LHC7 Searches

Gluon-gluon production
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LHC7 Searches

Gluon-gluon production → no enhanced cross-sections
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LHC7 Searches

Gluon-gluon production → no enhanced cross-sections

Production cross-sections:
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