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MSSM	
  Structure	
  
•  The MSSM is a straightforward supersymmetrization of the SM with 

minimal  number of new parameters. 

•  The particle content of MSSM = Two Higgs doublet SM + scalar SUSY 
partners and fermionic SUSY partners 

§  Two Higgs doublets are necessary for fermion Yukawa couplings. 
  H1: down-type-quark and lepton Yukawa couplings 
  H2: up-type-quark Yukawa couplings 

 
•   Different assumptions about SUSY breaking are often made. This leads 

to quite different phenomenological predictions. 

•  A new symmetry, called R-symmetry is introduced to rule out the terms 
violate baryon & lepton number explicitly and lead to proton decay at 
unacceptable rates. 



SUSY	
  Par<cle	
  Spectrum	
  



MSSM	
  Lagraganian	
  	
  
•  The	
  MSSM	
  Lagrangian	
  can	
  be	
  wriAen	
  as	
  	
  

	
  
•  The	
  gauge	
  Lagrangian	
  is	
  given	
  by	
  	
  

•  The	
  maAer	
  Lagrangian	
  is	
  given	
  by	
  

•  Where	
  	
  



MSSM	
  Superpoten<al	
  
•  MSSM	
  superpoten<al	
  describes	
  the	
  interac<ons	
  between	
  Higgs	
  

bosons	
  and	
  maAer	
  Superfields	
  	
  

•  Need	
  of	
  two	
  Higgs	
  doublets	
  

	
  	
  	
  	
  
	
  
	
  
	
  	
  	
  in	
  the	
  SM	
  Hu	
  =	
  H	
  and	
  Hd	
  =	
  H*.	
  However,	
  	
  a	
  Superpoten<al	
  
	
  	
  	
  containing	
  H*	
  would	
  be	
  non-­‐supersymmetric.	
  
	
  	
  	
  A	
  second	
  doublet	
  also	
  required	
  to	
  cancel	
  the	
  triangle	
  anomaly.	
  



6	
  

Example:	
  top	
  Yukawa	
  

From	
  here	
  the	
  Feynman	
  rules,	
  



R-­‐Parity	
  



R-­‐parity	
  conserva<on	
  implies	
  that:	
  

1.   SUSY	
  par<cles	
  are	
  produced	
  or	
  destroyed	
  only	
  in	
  pairs	
  
2.   The	
  LSP	
  is	
  absolutely	
  stable	
  and	
  it	
  is	
  a	
  candidate	
  for	
  Dark	
  MaAer.	
  

•  A	
  major	
  signature	
  for	
  R-­‐parity	
  conserving	
  models	
  is	
  represented	
  by	
  
events	
  with	
  missing	
  	
  Energy:	
  	
  

	
  	
  	
  	
  	
  	
  For	
  instance	
  e+	
  e-­‐	
  à	
  jet	
  +	
  missing	
  energy	
  	
  



SoY	
  SUSY	
  Breaking	
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•  	
  In	
  CMSSM	
  (mSUGRA),	
  universality	
  of	
  soY	
  SUSY	
  breaking	
  terms	
  is	
  
assumed	
  at	
  GUT	
  scale.	
  

•  	
  The	
  RGE	
  are	
  used	
  to	
  calculate	
  	
  the	
  parameters	
  at	
  the	
  electroweak	
  
scale.	
  



Electroweak	
  Symmetry	
  Breaking	
  
•  The	
  poten<al	
  for	
  the	
  neutral	
  Higgs	
  fields	
  

•  Using	
  gauge	
  invariance	
  	
  to	
  rotate	
  the	
  VEVs	
  from	
  charged	
  components:	
  

•  We	
  minimize	
  the	
  poten<al	
  with	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  
	
  
•  	
  Electroweak	
  Breaking	
  Condi<ons:	
  

	
  
•  CMSSM	
  is	
  completely	
  determined	
  by	
  m0,	
  M1/2,	
  A0,	
  and	
  tanβ	
  plus	
  sign	
  μ	
  
	
  



Higgs	
  mass	
  in	
  SUSY	
  models	
  
•  SUSY	
  models	
  include	
  at	
  least	
  two	
  Higgs	
  doublets.	
  
•  This	
  means:	
  8	
  degrees	
  of	
  freedom,	
  3	
  eaten	
  up	
  by	
  the	
  W±	
  and	
  Z	
  è	
  5	
  

Higgs	
  fields:	
  h0,A0,H0,H±	
  

•  Connec<on	
  between	
  Higgs	
  masses	
  and	
  gauge	
  boson	
  masses:	
  

•  Possible vacuum instability is saved by supersymmetry 



Squarks	
  &	
  Sleptons	
  
The	
  squark	
  mass	
  matrices	
  



Charginios	
  
q 	
  	
  The	
  mixing	
  of	
  the	
  	
  charged	
  gauginos	
  and	
  charged	
  Higgsinos	
  is	
  described	
  by:	
  	
  

q 	
  	
  The	
  chargino	
  masses	
  are	
  given	
  by	
  

q 	
  	
  Within	
  the	
  mSUGRA	
  scenario	
  we	
  have	
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Neutralinos	
  
•  The	
  neutralinos	
  χi	
  (i=1,2,3,4)	
  are	
  the	
  physical	
  (mass)	
  superposi<ons	
  of	
  

fermionic	
  partners	
  of	
  Bino,	
  Wino	
  and	
  Higgsinos.	
  

•  The	
  lightest	
  neutralino	
  will	
  be	
  a	
  linear	
  combina<on	
  of	
  the	
  original	
  fields:	
  

	
  
•  The	
  lightest	
  neutralino	
  can	
  be	
  the	
  lightest	
  supersymmetric	
  par<cle	
  (LSP).	
  

•  Stable	
  Weakly	
  Interac<ng	
  Massive	
  Par<cle	
  (WIMP).	
  Interes<ng	
  candidate	
  for	
  
DM.	
  



mSUGRA	
  Mass	
  Spectrum	
  	
  



SUSY	
  Higgs	
  Prospects	
  at	
  the	
  LHC	
  

•  In	
   July	
   2012	
   the	
   ATLAS	
   and	
   CMS	
  
collabora<ons	
   announced	
   the	
   detec<on	
  
of	
   a	
   new	
   par<cle	
   with	
   125	
   GeV	
   mass	
  
consistent	
  with	
  a	
  Higgs	
  boson.	
  	
  

•  Although	
  a	
  Higgs	
  discovery	
  is	
  not	
  a	
  priori	
  
an	
   indica<on	
   for	
   SUSY,	
   s<ll,	
   the	
  
confirmed	
  existence	
  of	
  the	
   lightest	
  Higgs	
  
boson	
  is	
  in	
  favor	
  of	
  it	
  

•  Higgs	
  mass	
  of	
  order	
  125	
  GeV	
  requires	
  a	
  
gaugino	
  mass	
  m1/2	
  of	
  order	
  1.5	
  TeV.	
  	
  

•  The	
  smaller	
  A0	
  is,	
  the	
  larger	
  m1/2	
  is	
  
needed	
  to	
  sa<sfy	
  this	
  value	
  of	
  Higgs	
  
mass.	
  	
  

•  It	
  is	
  also	
  remarkable	
  that	
  the	
  scalar	
  mass	
  
m0	
  remains	
  essen<ally	
  unconstrained.	
  

•  Such	
  large	
  values	
  of	
  m1/2	
  and	
  A0	
  seem	
  to	
  
imply	
  a	
  heavy	
  SUSY	
  spectrum.	
  



SUSY	
  signature	
  

•  At	
   LHC	
   the	
   total	
   SUSY	
   par<cle	
   produc<on	
   cross	
   sec<on	
   are	
   largely	
  
dominated	
  by	
  strongly	
  interac<ng	
  spar<cles.	
  

•  Typical	
   high	
   mass	
   SUSY	
   signal	
   has	
   squarks	
   and	
   gluinos	
   which	
   decay	
  
through	
  a	
  number	
  of	
  steps	
  to	
  quarks,	
  gluons,	
  charginos,	
  neutralinos,	
  W,	
  
Z,	
  Higgses	
  and	
  finally	
  to	
  a	
  stable	
  χ01.	
  



LHC	
  Constraints	
  on	
  (m0-­‐m1/2)	
  

ATLAS exclusion limits, at 95% C.L. for constrained MSSM model with tanβ = 30, A0= 
−2m0 

and µ > 0, on (left) (m0 
−m1/2). CMS limits are the same. 


