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Basics of the MSSM



The SM isn’t perfect

(g-2)µ



How do we know where to go?

Precision measurements 
versus direct observation of 
new particles

Much easier if we see new particles



Standard Model isn’t Completely 
Satisfactory

22
PlH MM ≈δQuantum corrections drag 

weak scale to Planck scale

Tevatron/LHC Energies

Weak GUT Planck

103 GeV 1019 GeV1016



Quantum Corrections and 
Supersymmetry
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Quantum corrections cancel order by 
order in perturbation theory



What about fermion masses?

Fermion mass term:

Left-handed fermions are SU(2) doublets

Scalar couplings to fermions:

Effective Higgs-fermion coupling

Mass term for down quark:
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Forbidden by 
SU(2)xU(1) gauge 
invariance←



Fermion Masses, 2
Mu from Φc=iσ2Φ* (not allowed in SUSY):

Supersymmetric models always have at least two Higgs doublets
General 2 Higgs doublet potential has 6 couplings +  phase
5 physical Higgs particles: h, H, A, H±

VEVS described by tan β=v2/v1

MW gives vSM2=v12+v22

Supersymmetry restricts form of scalar potential: 2 parameters
(Usually taken to be tanβ and MA)
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Particle Content



Chiral Superfields



Unification



The Cynic



Scalar Interactions



Aside on R Parity



Consequences of R Parity



Add Gauge Fields



Gauge Multiplets of MSSM



Construct Gauge-Scalar Interactions



Construct Scalar Potential



Scalar Potential, #2



SUSY Breaking

Spontaneous SUSY doesn’t work

Generates bad mass relations



Spontaneously Broken SUSY = BAD



Softly Broken SUSY



Parameters of the MSSM



Soft SUSY Breaking Terms Allow SSB



Constrained Potential in MSSM
Tree level scalar potential has 2 free parameters

Typically pick MA, tan β as parameters
Predict Mh, MH, MH±,  all couplings (at tree level)
At tree level, Mh < MZ

Large corrections O(GFmt2) to predictions
Predominantly from stop squark loop
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Theoretical Upper bound on Mh



Limits on SUSY Higgs from LEP

Mt=169.3,174.3,

179.3, 183 GeV



Bound on Charged Higgs

Fairly model independent



Higgs Masses in MSSM
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Find Higgs Couplings



MSSM  Couplings

Φ gΦuu gΦdd gΦVV gΦZA
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Couplings given in terms of 
α, β

Can be very different from 
SM



Higgs Couplings very different from SM 
in SUSY Models

Ratio of h coupling to b’s in 
SUSY model to that of SM



Higgs Couplings different in MSSM

Couplings to d, 
s, b enhanced at 
large tan β

Couplings to u, 
c, t suppressed at 
large tan β

Lightest Neutral Higgs Heavier Neutral Higgs

SM

Decoupling limit



Higgs Decays affected at large tan β
SM:  Higgs branching rates to 
bb and τ+τ- turn off as rate to 
W+W- turns on (Mh > 160 GeV)

•MSSM: At large tan β, rates 
to bb and τ+τ- stay large

Heavy H0 MSSM BRs

Rate to bb and τ+τ-

almost constant in 
MSSM

A0 MSSM BRsSM



New Discovery Channels in SUSY



Gauge Coupling Constants

ghVV2+gHVV2=ghVV2(SM)
Vector boson fusion  and Wh production always 
suppressed in MSSM



LHC can find h or H in weak boson 
fusion

Decays to τ+τ- needed



Production of SUSY Higgs Bosons
For large tan β, dominant production mechanism is with b’s

bbh can be 10x’s SM Higgs rate in SUSY for large tan β

LHC



MSSM discovery
For large fraction of MA-
tanβ space, more than one 
Higgs boson is observable
For MA→∝, MSSM 
becomes SM-like
Plot shows regions where 
Higgs particles can be 
observed with > 5σ

Need to observe multiple Higgs 
bosons and measure their couplings



Add Scalars to MSSM
Add  Higgs singlet S, triplets T0,T±1

Superpotential,

At tree level, lightest Higgs mass bound becomes,

Higgs mass bound depends on particle content
Assume couplings perturbative to MGUT and SUSY scale 
≈1 Tev
Mh < 150 –200 GeV with singlet and triplet Higgs
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Looking For Gluinos



Search for Squark/Gluino Production
Generic squark/gluino production energetic jets & large 
missing ET

Difficult because of large QCD background

HT = scalar sum of ET of jets



Limits on Squark/Gluino Production

Mgluino < 380 excluded for Mg~ Mq

Mgluino < 230 excluded -- any Mq

Mgluino < 402 excluded for Mg~Mq

Mgluino < 309 excluded – any Mq



Charginos



Neutralinos



SUSY Particles 



Chargino-Neutralino Production

Trileptons from chargino-
neutralino production: 
Classic signature

Clear signature – 3 isolated leptons, missing ET



Tevatron Limits on Tri-leptons



Too Many Unknowns…



LHC/Tevatron will find SUSY

Discovery of many SUSY 
particles is straightforward
Untangling spectrum is difficult

⇒ all particles produced 
together

SUSY mass differences from 
complicated decay chains;eg

Mχ0 limits extraction of other 
masses 
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SM is incomplete

•23% of universe is cold dark matter:  
ΩCDMh2=.1126 +.0161-.0181

No dark matter candidate in SM

SUSY has dark 
matter candidate



MSSM has dark matter candidate

LSP: Lightest supersymmetric particle, χ0 is neutral and stable 
(in models with R parity)



Supersymmetry (MSSM version)

Many positive aspects
Gauge coupling unification
Dark Matter candidate (LSP)
Predicts light Higgs boson

MH < 140 GeV
Agrees with EW measurements
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