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Chapter 2: Supersymmetry

2.1 Introduction and Overview
- What is SUSY
- How can we find/measure it?

2.2 SUSY Theory/Phenomenology
- SUSY Lagrangian, MSSM
- SUSY interactions, masses, SUSY breaking

2.3 SUSY searches/measurements at experiments
- past and running experiments
- LHC / future linear collider

2.4 Searches for MSSM Higgs bosons
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MSSM Superpotential and B,L Violation
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Consequences of R-Parity Conservation
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SUSY Breaking
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Reminder: Soft SUSY-Breaking in the MSSM
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Reminder: A Comment on MSSM Parameters
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Experimental Constraints on Soft Terms
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Experimental Constraints on Soft Terms
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The Flavor-Preserving MSSM

“soft SUSY-breaking universality”
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The Flavor-Preserving MSSM
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The Flavor-Preserving MSSM
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Origins of SUSY Breaking
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Origins of SUSY Breaking
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Origins of SUSY Breaking

( wrong phenomenology)
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SUSY Breaking: Principles of Mechanism
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Common Models for SUSY Breaking

• mSUGRA: Minimal Supergravity

At GUT scale:
- Unify all scalar and all spin-1/2 masses
- Unify all trilinear couplings  At=Ab=Aτ=A0

m1/2 , m0 , tan β, sign(µ), A0

LSP = lightest neutralino

• GMSB: Gauge mediated SUSY breaking
M, Λ, N,  tan β, sign(µ)
LSP = Gravitino

• AMSB: Anomaly-mediated SUSY breaking 
m3/2 , m0 , tan β, sign(µ) 
LSP = lightest neutralino
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Sparticle Masses
and 

Mixing
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Evolution of SUSY masses: “Renormalization Group Equations (RGE)”

• Gaugino masses:

• Sfermion masses:

Reminder: Renormalization Group Equations

1/2
GUT

i
i m 

α
α M =

gluino

wino

bino
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Chargino and Neutralino Mixing

• Physical charginos/neutralinos are mixtures of Bino, Winos and 

higgsinos (due to electroweak symmetry breaking)

• The mass eigenstates depend on:

- EWSB parameters (mixing B0,W0 Z,γ) : mZ,  sin2θW

- SUSY masses and breaking parameters : M1, M2, tanβ, µ

M1, M2: Bino and wino mass terms in Lsoft

µ: Higgsino mass term in MSSM superpotential

tanβ: ratio of Hu and Hd vacuum expectation values, tanβ=vu/vd

+ …
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Chargino Mixing and Masses

• Diagonalization of the matrix (to get eigenvalues) gives 

the chargino mass values

• In the limit  mW, mZ << |µ ± M2| (“not unlikely”):  

χ1± is mostly wino with mass ≈ M2

χ2
± is mostly higgsino with mass ≈ |µ|
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Neutralino Mixing and Masses

• In the limit  mW, mZ << |µ ± M1|, |µ ± M2|:  

Bino-like χ1
0 with mass ~ M1, wino-like χ2

0 with mass ~ M2

Higgsino-like χ3
0, χ4

0 with masses ~ |µ|
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Neutralino and Chargino Masses

This is a plausibel and popular mass spectrum, 

but it is not guaranteed!
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Gluino Mass

• Gluinos do not have the right quantum numbers to mix with 

any other states (SU(3)C color-octet fermions)

at tree level the gluino mass is:

• But quantum corrections (e.g. from squarks) to the gluino mass 

are large! They increase the gluino mass by 5 – 25% compared

to tree level, depending on the squark masses.
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Squark and Slepton Mixing and Masses
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Squark and Slepton Mixing and Masses 

• For the 3rd generation, also (scalar)3 Yukawa couplings are important:

This leads to left-right mixing!
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Squark and Slepton Mixing: 3rd Generation

• Due to the large Yukawa couplings of the 3rd generation, there

is non-trivial mixing in the tau sector:

and analogously in the top and bottom sectors:
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MSSM Mass and Gauge Eigenstates
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MSSM Mass Spectrum – An Example
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(GeV)

Comparison of Typical Mass Spectra
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Sparticle Decays
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Sparticle Decays: Neutralinos
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Sparticle Decays: Charginos
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Sparticle Decays: Sleptons
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Sparticle Decays: Squarks
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Sparticle Decays: Gluinos
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Sparticle Decays
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Example mSUGRA Mass Spectra and Decays

General considerations for
SUSY searches: 

• Mass differences
- Msquark >> MLSP

Large ET

model-independent
- Mslepton close to  MLSP

leptons with low ET

model-dependent

• Decay patterns
- parameter-dependent
- Often long decay chains
- Missing LSP
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Previous and Current
SUSY searches

- some examples -
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Two Ways to Search for Supersymmetry

• Indirect Search:
- SUSY particles in loops 

MSUSY large small contribution to cross section
- Need precise experiments of processes with small cross sections

µ e γ ,   b s γ ,  …
- Advantage: Limit for observable MSUSY given by data statistics
- Disadvantage: If deviation from SM is found, what is it?

• Direct Search:

- Production of SUSY particles at colliders
Pair production,  cross section known as function of mass 
Life time of heavy SUSY particles ~ 10-23 s cannot be  
measured (exception: LSP = gravition NLSP long-lived
Look for peaks in invariant mass distributions of final-state
Standard-Model particles

- Upper limit on MSUSY from center-of-mass energy
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Indirect SUSY Searches: Rare Decays

• Search for forbidden decays or measure rare decays
• Branching fractions potentially enhanced by sparticles “in loops”

Example 1: µ e γ (already discussed)

Example 2: b s γ (“radiative penguin”, flavor-changing neutral current FCNC)

Branching fraction in SM ~ 3 x 10-4

Measured at B Factories (BaBar, Belle)
excluded by b→ sγ

SUSY contributions

Difficult background
situation, esp. at low E(γ)
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“The Origin of Penguins”

from Symmetry Magazin, Jan./Feb. 2007
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• Anomalous magnetic moment in Dirac theory

• Measurement (Brookhaven):

• Prediction Standard Model: PredictionSUSY:

• Observed deviation from Standard Model:  ~ 2.6 Sigma

Indirect SUSY Searches: Muon g–2 

Restriction of SUSY mass scale
(mS=120-400 GeV for tanβ=4…40)

… problem with the hadronic corrections?!


