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The MSSM has many nice features, e.g., Dark Matter candidates, 
but is very difficult to study in any detailed, model-independent 
manner due to the very large number of soft SUSY breaking
parameters (~ 120).

To circumvent this issue, authors generally limit their analyses
to a specific SUSY breaking scenario(s) such as mSUGRA, 
GMSB, AMSB,… which determines the sparticle (e.g., the LSP’s) 
couplings & signatures in terms of a few parameters. 

But how well do any or all of these reflect the true breadth of 
the MSSM?? Do we really know the MSSM as well as we think??

Is there another way to approach this problem & yet remain 
more general ? Some set of assumptions are necessary to make 
any such study practical. But what? There are many possibilities.
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mSUGRA ≠ MSSM !!!
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FEATURE Analysis Assumptions : 

• The most general, CP-conserving MSSM with R-parity
• Minimal Flavor Violation
• The lightest neutralino is the LSP.
• The first two sfermion generations are degenerate 

(sfermion type by sfermion type).
• The first two generations have negligible Yukawa’s. 
• No assumptions about SUSY-breaking or GUT

This leaves us with the pMSSM:

the MSSM with 19 real, weak-scale parameters…

What are they??
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sfermion masses: mQ1
, mQ3

, mu1
, md1

, mu3
, md3

, mL1
, 

mL3
, me1

, me3  

gaugino masses: M1, M2, M3
tri-linear couplings: Ab, At, Aτ
Higgs/Higgsino:  µ, MA, tanβ

Note: These are TeV-scale Lagrangian parameters

19 pMSSM Parameters



6

What are the Goals of this Study???

• Prepare a large sample, ~50k, of MSSM models (= parameter 
space points) satisfying ‘all’ of the experimental constraints. 
A large sample is necessary to get a good feeling for the
variety of possibilities.  (Done)

• Examine the properties of the models that survive. Do they 
look like the model points that have been studied up to 
now???? What are the differences?  

• Do physics analyses with these models for LHC, ILC/CLIC, 
Fermi/GLAST, PAMELA/ATIC, etc. etc. – all your favorites!

→ Such a general analysis allows us to study the MSSM at 
the electroweak/TeV scale without any reference to the 
nature of the UV completion: GUTs? New intermediate 
mass scales? Messenger scales? 
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How? Perform 2 Random Scans
Linear Priors

107 points – emphasize 
moderate masses

100 GeV ≤ msfermions ≤ 1 TeV
50 GeV ≤ |M1, M2, µ| ≤ 1 TeV  

100 GeV ≤ M3 ≤ 1 TeV
~0.5 MZ ≤ MA ≤ 1 TeV 

1 ≤ tanβ ≤ 50
|At,b,τ| ≤ 1 TeV

Log Priors
2x106 points – emphasize lower 
masses but extend to higher 
masses

100 GeV ≤ msfermions ≤ 3 TeV
10 GeV ≤ |M1, M2, µ| ≤ 3 TeV

100 GeV ≤ M3 ≤ 3 TeV
~0.5 MZ ≤ MA ≤ 3 TeV 

1 ≤ tanβ ≤ 60
10 GeV ≤|A t,b,τ| ≤ 3 TeV

→Comparison of these two scans will show the prior sensitivity.
→This analysis required ~ 1 processor-century of CPU time...
this is the real limitation of this study.
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Successful models

WMAP & Direct 
Detection  

Direct searches at 
LEP & Tevatron

g-2 Precision data

Spectrum 
requirements

Rare decays 
and flavor 
constraints
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Constraints 

• -0.0007 < ∆ρ < 0.0026     (PDG’08)

• b →s γ : B = (2.5 – 4.1) x 10-4 ;   (HFAG) + Misiak etal. & 
Becher & Neubert 

•∆(g-2)µ ??? (30.2 ± 8.8) x 10-10 (0809.4062)
(29.5 ± 7.9) x 10-10 (0809.3085)

[~14.0 ± 8.4] x 10-10 [Davier/BaBar-Tau08] 

→ (-10 to 40) x 10-10 to be conservative..

• Γ(Z→ invisible) < 2.0 MeV           (LEPEWWG)
This removes  Z decays to LSPs w/ large Higgsino content

• Meson-Antimeson Mixing : Constrains 1st/3rd sfermion mass 
ratios to be in the range 0.2 < R < 5 in MFV context  
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Isidori & Paradisi, hep-ph/0605012 & 
Erikson etal., 0808.3551 for loop correctionsB→τν

B = (55 to 227) x 10-6 



11D. Toback, Split LHC Meeting 09/08 



12

Dark Matter: Direct Searches for WIMPs
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• CDMS, XENON10, DAMA, CRESST-I,… → We find a factor 
of ~ 4 uncertainty in the nuclear matrix elements.  This factor 
was obtained from studying several benchmark points in 
detail & so we allow cross sections 4x larger than the usually 
quoted limits.  Spin-independent limits are completely 
dominant here.  

• Dark Matter density:  Ωh2  < 0.1210  → 5yr  WMAP data +
We treat this only as an upper bound on the LSP DM density 
to allow for multi-component DM, e.g., axions, etc. Recall 
the lightest neutralino is the LSP and is a thermal relic here. 

• LEP and Tevatron Direct Higgs & SUSY searches : there 
are many of these searches but they are very complicated 
with many caveats…. CAREFUL! 
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Zh, h-> bb, ττ
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LEP II: Associated Higgs Production

Z→ hA →4b,2b2τ,4τ
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Note the holes
where the leptons 
are too soft…

We need to allow 
for a mass gap w/ 
the LSP & also in 
the squark case 
when soft jets are 
possible..light guys 
may slip through

RH Sleptons
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Large mass gap 
chargino search

Depends on the 
sneutrino mass in 
the t-channel if less 
than ~ 160 GeV due 
to interference if 
large wino content 

Some ‘light’ charginos
may slip through as 
search reach is 
degraded

This sensitivity is relevant 
for wino-like charginos
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Tevatron Constraints : I    Squark & Gluino Search

• This is the first SUSY analysis to include these constraints

• 2,3,4 Jets + Missing Energy (D0)
Multiple analyses keyed to 
look for:

Squarks-> jet +MET
Gluinos -> 2 j + MET

The search is based on 
mSUGRA type sparticle 
spectrum assumptions 
which can be VERY far 
from our model points..
the pMSSM easily survives!
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D0 benchmarks

Combos of the 3 analyses

→ Feldman-Cousins 95% CL Signal limit: 8.34 events 

SuSpect -> SUSY-Hit -> PROSPINO -> PYTHIA -> D0-tuned 
PGS4 fast simulation (to reproduce the benchmark points)…
redo this analysis ~ 105   times !  
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This D0 search provides strong constraints in mSUGRA..
squarks & gluinos > 330-400 GeV…our limits can be much 
weaker on both these sparticles as we’ll see !!



Tevatron II: CDF Tri-lepton Analysis 

We perform this analysis using CDF-tuned PGS4, PYTHIA 
in LO plus a PROSPINO K-factor 

We need to 
perform the 3 
tight lepton 
analysis ~ 105 

times

→ Feldman-Cousins 95% CL Signal limit: 4.65 events 

• This is the first SUSY analysis to include these constraints

The non-‘3-tight’ analyses are not reproducible w/o a 
better detector simulation 21



22

Tevatron III: D0 Stable Particle (= Chargino) Search

Interpolation: Mχ > 206 |U1w|2 + 171 |U1h|2 GeV

sleptons winos higgsinos

This is an incredibly powerful constraint on our model set as 
we will have many close mass chargino-neutralino pairs. This 
search cuts out a huge parameter region as you will see later. 
• No applicable bounds on charged sleptons..the cross sections
are too small.
• This is the first SUSY analysis to include these constraints
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Summary…so far..

• This is the first large scale study of the 19 parameter pMSSM 
studying millions of points in parameter space…this is far 
more general than any other study yet performed 

• We have made a conservative set of  assumptions within a 
fixed framework  

• Essentially the entire spectrum of experimental constraints 
have been employed--including for the first time those from 
the Tevatron which required fast detector simulation 

• And so…
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RESULTS ???

See JoAnne’s Talk



25Happy Birthday, Galileo!   Feb. 15, 1564
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