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SUSY and MSSM

SUSY GUT - SO(10)

Stop Signal 1: f — t{°

Stop Signal 2:  — by™, ¥ — WL
Stop Signal 2:  — b¥™, %% — qg'{°
Gluino Signal: g — tt
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SUSY and MSSM

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

sneutrino, gravitino, neutralino

Radiative Electroweak Symmetry Breaking

Gauge Coupling Unification — SUSY GUTs
Neutrino masses and mixing
Gauged B-L symmetry

Fewer free parameters



SUSY GUT - SO(10)

16-D Spinorial Representation for the matter fields
(15+vR)
Neutrino masses and oscillations
U(1)g—L € SO(10)
R-Parity, Proton decay ...

Non-Universality in SSB masses through
Symmetry breaking pattern: SO(10) — SU(4) x SU(2), x SU(2)r

(F) # 0 from different SO(10) representations

Multiple sectors breaking SUSY



Fundamental Parameters

mie < 5 TeV | Universal mass of matter fields

0< My, My, M3 <5 TeV | Gaugino masses

—-3< Ao/mis <3 Tri — linearscalar coupling

1.2< tan 3 <60 VEV of MSSM Higgs Doublets
SARAH: Generating the SPheno and MicrOmegas Interfaces
SPheno: Generating the low scale predictions

MicrOmegas: Calculating the Dark Matter predictions

MadGraph: Calculating the signal cross-sections



Experimental Constraints

123 < my, < 127 GeV

mg > 2100 GeV
08x107°< BR(Bs—utp~) <6.2x107°
29x107*<  BR(b—sy) <62x107°
0.0913 < Qh?(WMAP) < 0.1363
0.114 < Qh?(Planck) < 0.126
©w>0 my = 173.3 GeV



o(Signal 1) ~ o(pp — £ 1) x BR(f1 — t{?)?
o(Signal 2) = o(pp — £i#1) x BR(f1 — b%i)? x BR(XF — W*K))?
o(Signal 3) = o(pp — £if1) x BR(FL — b%i)? x BR(XF — q3'%3)?

Approximation
< 0.7%
Full Calculation ™ °

S S : number of signal processes
S+ B’ B :number of background processes

Signal Strength : SS =

0< S5 <1 escape blue
1<S85<2 68%CL red
2<S55<3 9% CL black



Stop Signal 1:  — t{°
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Stop Signal 2: t — by™, Y& — WP
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Stop Signal 2: t — bY*, {° — qg'{°

(a) 14, 27, 100 TeV, 36.1 fb~* (b) 100 TeV, 3000 fb~!
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Gluino Signal: g — tt
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Conclusion

ATLAS and CMS results mostly hold for SUSY GUT - MSSM
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14 TeV | my 2 1.2TeV | mp 2 1.2
27 TeV | mz 218 TeV | my 22 TeV
100 TeV | my 2 3 TeV my 2 2.4 TeV
<2 TeV, m; < 1.9 TeV is excluded at 14 TeV,
<3 TeV, m; < 2.3 TeV is excluded at 27 TeV;
<6 TeV, m; < 4.4 TeV is excluded at 100 TeV.



Back Up Slides
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(e) 100 TeV, 3000 fb~*

(f) 100 TeV, 3000 fb~*
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Non-Universal Gauginos

SO(10) | SU(B) [My: My: M| [ SO(10) | [SU(5) x U(L)]nipped SO(10) | SU(4) x SU(2)p
1 1 1:1:1 1 (1,0) 1 1)
54 24 | -1:-7:1 54 (24, 0) 54 a, 1
210 1 Te1:1 210 (1,0) 210 1,1)
24 | -3t (24, 0) (15,1)
5 “5:3:1 (75,0) (15, 3)
770 1 1:1:1 770 (1, 0) 770 (L1
24 | —4:-§:1 (24,0) {,5)
75 —5:3:1 (75, 0) (15, 3)
200 10:2:1 (200, 0) (84, 1)

S. P. Martin, Phys. Rev. D79,095019 (2009)

S50(10) — SU(4) x SU(2), x SU(2)g: (Pati-Salam Model)

Anomaly Mediation, Gauge Mediation, Mirage Mediation



Standard Model

SM is not a fundamental theory!
Gauge Hierarchy problem: 5m,27 %
The gauge symmetry

The Higgs vacuum stability: A < 0 for A > 1010 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)

Superpotential

W = y,QH.T + yg QHyd + yeLHy& + nH,Hg

SUSY Breaking

Lspsy = —3(MiBB + MWW + Msgg) + h.c.
—m3, hishy — m3, hihg — (bhuhg + h.c.)
—médTé — m2/T/ —m u,T?uR — mddT dr — mgé};éﬁ:
—(AulirGhy + Agdrdha + Acrlhq)
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