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●   Neutrino mass  : Weinberg's dim-5 operator
  

●   Dark Matter

●   Dark Energy

●   Cosmic baryon-antibaryon asymmetry

●

●

●   Some Anomalies in particle physics: 
                       
                                       top quark FB asymmetry,  (g-2) of muon ......

but none of these -- except the last -- require new physics at TeV energies

Why do we need to go beyond the Standard Model : 
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                                          Three solutions known

1. Shift symmetry:

The entire Higgs multiplet are Goldstone bosons of a symmetry broken
spontaneously at high energy.

2. Rotation into a gauge boson:

The Higgs fields are the 5th component of gauge fields in a model with
extra space dimensions.

3. Rotation into a fermion: 

  The symmetry is supersymmetry.

“hierarchy” or “naturalness” problem
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Higgs sector in the MSSM

Need (at least) two SU(2)
L 
higgs doublets :

● Cancel the U(1)3
Y 
and U(1)

Y
 × SU(2)

L
 gauge anomalies due to new contribution 

from the higgsinos.

● Need an even number of (weyl) fermion doublets to avoid the Witten anomaly 
for SU(2)

L

● Yukawa couplings for both the up and down type fermions in a SUSY(holomorphy 
of the Superpotential) invariant way

Five physical higgs bosons after EWSB : 

Only two free parameters at the tree level : 
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mSUGRA:

1) Writing down microscopic models 
     Which give rise to mSUGRA boundary
     conditions is an extremely difficult 
     enterprise.

2) Phenomenologically interesting : 
     Large A terms are allowed

A.Djouadi et.al., 2012
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ATLAS, 8 TeV, 
5.8 fb-1 , A

0 
= 0

tan β = 10

CMS, 7 TeV, 
4.98 fb-1 , A

0 
= 0

tan β = 10

Higgs
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Present data does not resolve between SM and mSUGRA

A Dighe, DG, K Patel, S Raychaudhuri, 1303.0721
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 Title:stop_pair_cs.eps
 Creator:gnuplot 4.6 patchlevel 0
 CreationDate:Sun May 12 08:37:57 2013
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 Title:alphaT.eps
 Creator:HIGZ Version 1.29/04
 CreationDate:2013/05/09   08.16

QCD

Signal

top pair

Z + 2 jets

QCD

DG, R Godbole, M Guchait, D Sengupta, in preparation
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C. G. Lester and D. J. Summers, 1999
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j j

Z

DG, R Godbole, M Guchait, D Sengupta, in preparation

Some attempts : 
1201.5714
1211.2997
1212.4856
1304.3068

PRELIM
IN

ARY

Not sensitive to the mass 
range beyond 250 GeV
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t

Leptons, jets

b
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Leptons, jets
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 Title:Jaxo_tmp.dvi
 Creator:dvips(k) 5.992 Copyright 2012 Ra
 CreationDate:Mon May 13 08:11:20 2013
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Correlated with the stop mass 
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JHToptagger

A Chakraborty, D K Ghosh, DG, D Sengupta, 1303.5776

with b-tag

without b-tag

No b-tag
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 Title:stop_scan.eps: TC
 Creator:ROOT Version 5.34/01
 CreationDate:Fri Mar  8 07:30:28 2013

50 GeV

A Chakraborty, D K Ghosh, DG, D Sengupta, 1303.5776
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 Title:sbottom_scan.eps: TC
 Creator:ROOT Version 5.34/01
 CreationDate:Fri Mar  8 07:28:34 2013

50 GeV

A Chakraborty, D K Ghosh, DG, D Sengupta, 1303.5776
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Summary
ATLAS and CMS took a good bite out of the
SUSY parameter space

Higgs mass has made it even worse

Light third generation squarks could be the culprit  behind the 
relatively heavy higgs mass

The stop NLSP region is very poorly constrained by ATLAS 
and CMS and dedicated searches are necessary to probe this region

A very light NLSP stop squark is allowed even in some of the 
minimal models

The use of MT2 and effective mass seem to be extremely effective 
To suppress SM background, for heavier stops the use of jet 
Substructure techniques to reconstruct the hadronically decaying 
tops might be an additional handle

Heavier stops will allow quite a large number of decay topologies, 
hence dedicated searches  for various final states should be carried out
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