
64

Lecture 3

The superpartner scalar masses are zero with respect to the
gaugino masses at a unification boundary scale.

Today we will take very seriously some simple approaches
to unification. However, the bigger picture of zero scalar
mass boundary conditions are illustrated well.

This goes under the name of ‘no-scale supersymmetry’,
‘gaugino mediation’ or ‘gauge mediation with logs’.

Today’s topic:
Second Extreme of Supersymmetry
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Flavor Changing Neutral Currents

Random superpartner masses and mixing angles 
would generate FCNC far beyond what is measured:

However: heavy or universal scalars would squash these FCNCs

Recall this earlier slide:

1st extreme 2nd extreme
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mSUGRA

M1/2 = Common Gaugino mass at GUT scale

M0 = Common scalar masses at GUT scale

A0 = Common tri-scalar interaction mass at GUT scale

Tanβ = Ratio of Hu to Hd vacuum expectation values

Sgn(µ) = Sign of the HuHd µ−term in the superpotential
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Renormalization Group Flow

KKRW, ‘93
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No-Scale Supersymmetry

The most unrealistic part of mSUGRA is that all scalar
masses should be the same value at some boundary
scale.

Supergravity has no built-in means to dictate that. In
fact, arbitrary couplings, and therefore arbitrary flavor
violations are to be expected.

Many studies of this scenario. Great benchmark for
studying collider capabilities. But from a theory point of
view, somewhat unrealistic.
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Random flavor angles

mSUGRA assumes this:

But it’s more realistic to assume this:

m0

Induces new super-KM flavor angles
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What do we do?
We either make the scalars so heavy that it doesn’t
matter that there are large flavor angles. That was the
first “extreme end” of supersymmetry (split, PeV scale
susy) that we’ve already discussed.

A second possibility is to make the scalar masses so
small at the boundary scale that their variability does not
matter (no scale, gaugino mediation, etc.).

The majority of the physical scalar masses come from
quantum corrections induced by gauginos, which are
gauge interactions and thus flavor preserving.
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Challenges of zero-mass boundary

There are two main challenges to this scenario:

1. Over much of parameter space the lightest superpartner
is charged, and thus not a good DM candidate.

2. When the LSP is neutral, the Higgs mass is too light,
and in conflict with experiment.
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Higgs mass in no scale SUSY

Renormalization group flow gives top squark its mass:

Zero at boundary scaleLifts mass in the IR

QMGUTMweak

Mass

0
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What’s wrong with no-scale supersymmetry?

H. Baer, ‘95

Charged LSP

No scale

Upper limit on
m1/2 which 
leads to upper limit
on superpartners, and
too light Higgs mass 
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Higgs-exempt No Scale

Goal is to increase the m1/2 which then can increase 
Superpartner masses, and can increase Higgs mass.

FCNC under control if slepton,squarks mass = 0

Exempt the Higgs bosons from the no-scale constraint.
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Some Relevant Equations
The scalar RGE equations with non-universal soft masses:

This induces a potentially significant shift in masses:

Extra factor
that is often
ignored or not
relevant.

S=Tr(Ym2)=0 in
mSUGRA & GMSB
but not here!
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Some numbers
Compare gaugino masses …

With slepton masses (negative S helps lift mE): 

Need SGUT < 0 so
that LSP is not
charged.
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LSP in Higgs-exempt No-Scale

tanβ=10
m1/2=300 GeV

Evans, Morrissey, JW
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LSP in HENS (higher m1/2)

tanβ=10
m1/2=500 GeV

Higgsino LSP here
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LSP with higher tanβ

tanβ=30
m1/2=500 GeV
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Dark Matter Relic Abundance

tanβ=10,  m1/2=300 GeV
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DM Abundance (higher m1/2)
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DM Abundance (higher tanβ)
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Muon g-2 Experiment
The anomalous magnetic moment of the muon

 has been measured, and shows signs of possible deviation
with respect to the Standard Model:

Domingo, Ellwanger, ‘08
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Muon g-2 and Supersymmetry
Light sleptons and charginos can have a large effect:

If all masses were the same, the result would be:

Cf.,

Moroi, ‘95
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Why large tanβ effect?
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 g-2 versus m1/2 in HENS
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Evans, Morrissey, Wells
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Tevatron 3l
Signal

3 leptons plus missing energy. After cuts, 0.49 fb background.
Marginal to find HENS scenario at Tevatron with 10 fb-1

tanβ=10
m1/2=300 GeV

Cuts and BG
match Baer et
al. ‘00 analysis:

pT(leptons) >
30, 15, 10 GeV.

|η(leptons)|<2.5

MET > 25 GeV

Etc.
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Sample Points in the
LHC Scatter Plots

These are four sample points
that are identified in subsequent
scatter plots.

For all points tanβ=10 and
m1/2=500 GeV. All masses are
in GeV.
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LHC 3l Signal

tanβ=10
M1/2=500 GeV

3 leptons plus missing energy. After cuts, 0.1 fb background.
For this value of M1/2 it is promising at LHC with 10 fb-1

Cuts and BG
match Baer et al.
‘00 analysis:

pT(leptons) >
20, 20, 10 GeV

|η(leptons)|<2.5

MET > 200 GeV

Etc.
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LHC 1l
Signal

Cuts and BG
match Baer et al.
‘00 analysis:

pT(l) > 20 GeV

|η(leptons)|<2.5

MET > 200 GeV

MT(l,MET) >
100 GeV

Etc.
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Multi-lepton Signatures

Evans, Morrissey, JW, `07

Background
0l : 400 fb
1l :  26 fb
2lOS : 9 fb
2lSS : 0.25 fb
3l : 0.1 fb
4l : 0.002 fb

M1/2=500 GeV tanβ=10
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Conclusions
Supersymmetry is a very rich field. Many more ideas
abound than I have been able to express here.

We have covered the “opposite ends” of susy: very heavy
scalars and zero-mass scalars (at a high-scale boundary).
Both ideas have different footprints at the LHC.

In some cases we may need to work hard to pull a signal
out (four top quarks plus missing energy), and in some
cases the expectations are easier (high multiplicity leptons).

The most generic, important message is that data is
discerning, and will lead us to understand nature’s choices.


