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Outline

I Standard Model

I MSSM

I CMSSM and NUHM, GMSB

I Non-Universality
Flavor symmetry based MSSM (sMSSM)

Non-universal Gauginos (NUGM)

I Non-Minimality
B-L extended MSSM with inverse seesaw (BLSSM-IS)



Standard Model

I Spontaneous Symmetry
Breaking
∗ Higgs Boson, Particle masses
∗ Gauge Hierarchy Problem

δm2
h ∝ Λ2

I Rare B-meson Decays
Bs → µ+µ−:

Exp : 3.2+1.5
−1.2 × 10−9

SM : (3.2± 0.2)× 10−9

b → sγ:

Exp : (3.43± 0.22)× 10−4

SM : (3.15± 0.23)× 10−4

I Muon Anomalous Magnetic
Moment (muon g − 2)

−→µ = gµ
( q

2m

)−→
S , gµ = 2

aµ =
1

2
(gµ − 2)⇒ aµ = 0

aexpµ = 11659208.9(6.3)× 10−10

∆aµ ≡ aexpµ − aSMµ

∆aµ = (28.7± 8.0)× 10−10
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Muon g − 2 in the SM

aQED
µ ≈ 11658471.895× 10−10

aEWµ ≈ 15.36× 10−10

ahadµ ≈ 10.5× 10−10

aSMµ = aQED
µ + aEWµ + aHadµ

aSMµ ≈ 11659182× 10−10



MSSM

I Gauge hierarchy
problem

I Gauge coupling
unification

I R−parity R = (−1)2S+3B−L
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Muon g − 2 in MSSM

∆aµ =
αm2

µµM2 tanβ

4π sin2 θWm2
µ̃L

[
fχ(M2

2/m
2
µ̃L

)− fχ(µ2/m2
µ̃L

)

M2
2 − µ2

]

+
αm2

µµM1 tanβ

4π cos2 θW (m2
µ̃R
−m2

µ̃R
)

[
fN(M1/m

2
µ̃R

)

m2
µ̃R

−
fN(M2

1/m
2
µ̃L

)

m2
µ̃L

]

{M1,M2, µ, tanβ,mµ̃L ,mµ̃R}



CMSSM and NUHM

CMSSM: {m16 = m10 = m0, M1/2, A0, tanβ, sgn(µ)}

NUHM : {m16, m10, M1/2, A0, tanβ, sgn(µ)}

∆mK/mK = (7.01± 0.01)× 10−5 ∆mK ∼ ∆mq̃1q̃2

mq̃1 ≈ mq̃2

Vtd ,Vts � Vds
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CMSSM and NUHM

m0 = 2671 GeV, M1/2 = 754 GeV, A0 = −5800 GeV, tanβ = 46.1



CMSSM and NUHM

Demir, D. and Un, C.S., Phys. Rev. D90, 095015 (2014)



Minimal GMSB1

1Ajaib, Gogoladze, Nasir, Shafi, Phys. Lett. B 713, 462 (2012)



Minimal GMSB



Non-Universality

I SU(2), SO(3), SU(3)2

I D-term Contribution = 0 :

I SU(2) : φ↔ φ̄

I SO(3) : Real VEV or Z2 × Z2

I SU(2): (q1, q2, q3) ≡ 2 + 1, mq1 = mq2 6= mq3

I SO(3) : (q1, q2, q3) ≡ 3
Heavy top−−−−−→ 2 + 1

mq1 ≈ mq2 6= mq3

2Babu, Gogoladze, Shafi, Un, Phys. Rev. D 90, 116002 (2014)
Babu, Gogoladze, Raza, Shafi, Phys. Rev. D 90, 056001 (2014)



Non-Universality

3. Family SSB Mass Term m3 0 −→ 3 TeV

1. ve 2. Family SSB Mass Term m1,2 0 −→ 3 TeV

CP− odd Higgs Mass mA 0 −→ 3 TeV

Bilineer Higgs Mixing µ 0 −→ 3 TeV

Gaugino SSB Mass M1/2 0 −→ 2 TeV

SSB Trilinear Scalar Term A0/m3 −3 −→ 3 TeV

Higgs VEV Ratio tanβ 2 −→ 60



Non-Universality

Experimental Constraints

mχ̃±
1

(chargino) ≥ 103.5 GeV,

123 ≤ mh (lightest Higgs boson) ≤ 127 GeV,

mτ̃ (stau) ≥ 105 GeV,

mg̃ (gluino) ≥ 1000 GeV,

mt̃1 (light stop) ≥ 175 GeV,

0.8× 10−9 ≤ BR(Bs → µ+µ−) ≤ 6.2× 10−9(2σ),

2.99× 10−4 ≤ BR(b → sγ) ≤ 3.87× 10−4(2σ),

0.15 <
BR(Bu → τντ )MSSM

BR(Bu → τντ )SM
< 2.41 (3σ),

,

0.0913 ≤ ΩCDMh2 ≤ 0.1363

REWSB, LSP neutralino



Non-Universality

All points are consistent with REWSB and Neutralino LSP. Green points satisfy mass bounds and B-Physics constraints, yellow

points form a subset of green, and they are compatible with muon g − 2. Brown points are a subset of yellow and they are

consistent with the WMAP bound.



Non-Universality
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Non-Universality

Black dashed (solid) lines represents the current (future) CDMS results, while red dashed (solid) displays the current (future)

XENON results



Non-Universality



GMSB3

Mi = N5Λ
αi

4π
, m2 = 2N5Λ2

∑
i

Ci

(αi

4π

)2
C1 =

4

3
, C2 =

3

4
,C3 =

3

5

Y

2
, C4 = 0, η2

3Gogoladze, Shafi, Un, arXiv:1509.07906 [hep-ph]







Non-Minimality: BLSSM4

I Gauged B − L symmetry

SU(3)× SU(2)L × U(1)Y × U(1)B−L

I R-parity connection

I Spontaneous symmetry breaking

SM singlet Higgs fields: X1,2

I Right-handed neutrinos

Seesaw, Inverse Seesaw

4Khalil and Un, arXiv:1509.05391 [hep-ph]





Conclusion

I The tension between muon g − 2 and the Higgs boson
mass:

Minimality, Universality!

I Non-universality in scalars and gauginos

I sMSSM, BLSSM, . . .


