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The Standard Model

The SM is a gauge theory of fields of spin 0, 1/2 and 1 based on
5U(3)C X 5U(2)L X U(].)y

SU(3). — QCD, confinement

SU(2); x U(1)y — electroweak interactions, chiral, spontaneous

symmetry breaking

5U(2)L X U(l)y — U(l)em

The SM is one of the most successful theories in physics. It has
been tested rigorously.

W=, Z bosons
Rare B-meson decays: Bs — uu~, b — svy

The Higgs Boson



Standard Model

SM is not a fundamental theory!

Gauge Hierarchy problem: 6m? oc A2

The gauge symmetry

The Higgs vacuum stability: A < 0 for A > 100 GeV
Stability Condition!: mj;, > (129.6 + 1.5) GeV

Neutrino masses and mixings

Dark matter



SUSY and MSSM

SUSY is a symmetry that relates fermions and bosons

Q |fermion) = |boson) , Q |boson) = |fermion)

Holomorphy Condition
Two Higgs doublets H,, Hy = h, H, A, H*

h ~ Hsy when my < my ~ my (Decoupling Limit)



SUSY and MSSM

Resolution to the gauge hierarchy problem.
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SUSY and MSSM

R-Parity: R = (—1)38+L+25 = Stable LSP

sneutrino, gravitino, neutralino

Radiative Electroweak Symmetry Breaking

= (Iul? + mp ) [HG1? + (Iul? + mp, ) HG? = (bBHGHG + c.c.)

1
+5(g+ g )(IHOP — [H3I)?
2b < (uf? + miy) + (uf? + m,) my, # mi

my, < 0, my, < my,
b2 > (| + miy, )(|pl + mi,) ’



SUSY and MSSM

Unification of gauge couplings
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SUSY GUT - SU(5)

df 0 us§  —us

ds —uz 0 ug

5=| d§ |, 10= us  —uy 0
€ —up —UuUx —u3
-V —di —dr —ds

MSSM Higgs doublets: H,, Hy € 54,54 = yb = v~
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SUSY GUT - SU(5)

df 0 u§  —us  up dp

ds —u§ 0 ui  u s
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MSSM Higgs doublets: H,, Hy € 51,54 = yb = ¥+
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Green points are allowed
by the mass bounds and
— rare decays of B—meson.
Brown points are also
compatible  with  the
% ’ Planck bound on the relic

abundance of neutralino

LSP within 50.

1><1016 T L | L |
1014 1015 1016 1017

]V[HC (GGV)
Perturbativity + Gravitational Smearing? + £* — My, ~ 7 x 106 GeVPb.
2 T. Dasgupta, P. Mamales, P. Nath; Phys. Rev. D52 (1995), 5366.

bKs. Babu, llia Gogoladze, Cem Salih Un, “Proton Decay in sMSSM Framework”, in preparation.



SUSY SU(5) with Mirage Mediation!

Mirage Mediated SUSY Breaking = Gravity Mediation + Anomaly
Mediation

2
gs bia Mp,
Mi=11 I M
< * 1672 Og<m3/2)> 1/2

by =33/5 by =1, bg = —1

mio, Ms, de7 my,, Af7 Ab = ATatan/Bv m3/27 «




SUSY SU(5) with Mirage Mediation

my = 123 — 127 GeV
mg > 2.1 TeV(800 GeV if mg < 1.1myo)

0.8x 1072 <BR(Bs — utp™) <6.2x107° (2
2.99 x 107* < BR(b — s7) <3.87 x 1074
BR(B, — V- )MssM
BR(B — TZ/T)SM
0.0913 < Qcpmh*(WMAPY) < 0.1363 (50

0.15 <

o)
(20)
< 2.41 (30)
(50)

Max(ys, yr)

RbT = . )
Min(yp, yr)



Higgs boson mass excluded the region with tan 8 < 20, when the gaugino masses are

universal®.
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Masses of neutralinos. The color coding is the same as those used in the previous plot
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Spin-independent (left) and spin-dependent (right) scattering cross-sections versus the LSP neutralino mass. In the og) — m)_cfl,
plane, the dashed (solid) blue line represents the current (future) results from the SuperCDMS experiment. The dashed (solid)
line indicates the current (future) results from the LUX-Zeplin experiment. In the ogp — m).((lj plane, the solid black line
represents the currrent bound from Super-K , while the orange solid line is set by the LUX results. The purple line is obtained

from the collider analyses . The dashed (solid) blue line shows the current (future) results from IceCube DeepCore.
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Conclusion

SUSY SU(5) still survive under the proton decay: heavy squarks
Consistent with the Higgs boson mass constraint for tan 5 < 20,

Favors Stop, stau, gluino coannihilation scenarios as well as
A—resonance solutions,

Higgsino DM, Wino DM or bino-wino mixture

Stop signal through decay mode involving chargino is not available at
the current experiments,

Stop can be probed up to about 5-6 TeV in future collider
experiments.



