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Evaluating the expectation
• Constraints on 

Supersymmetry already exist:

‣ Low energy (precision) data

■ Flavour Physics (in particular B Physics), 
g-2

‣High energy (precision) data

■ Precision electroweak observables (e.g., 
mtop, MW)

‣Cosmology/astrophysical data

■ in particular: relic density 
Ωh2 = 0.1099±0.0062 (exp) 

‣ Exploit it to set “expectation”

■within a SUSY model
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A famous example of expectation:
Standard Model Higgs mass prediction

from LEP/TeV EW precision observables
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Global fits
• How to exploit this information?

‣ a consistent set of experimental measurements

■ including astrophysical measurements

‣ state-of-the-art theoretical predictions (“tools”)

■ including astrophysical predictions...

‣ a “framework” to consistently combine predictions and measurements

• The MasterCode collaboration

‣ a collaboration between theory and experiment

■ from High-energy and flavour Physics, and Cosmology

‣ an effort to combine and interpret today’s constraints

■ other efforts exist (see R. Trotta’s talk this morning)
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Legend 2
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The “framework”
• Consistency

‣ SLHA interface

• Modularity

‣Compare calculations

‣Add/remove predictions

• State-of-the-art “tools”

‣Directly from experts

• Flexibility

‣ Minuit fit 

‣Markov Chain MC

‣ input to external tool
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Building the χ2

• Multi-parameter χ2 variable

‣Ci – experimental constraints

‣Pi – predicted value for a given parameter set

• Fitting for all model parameters

‣CMSSM: M0, M1/2, A0, tanβ (sign(µ)=1)

‣NUHM1: CMSSM parameters + one free Higgs mass parameter (e.g., MA)

• including relevant SM uncertainties 

‣mtop, mZ, ΓZ, Δαhad
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List of observables
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List of observables
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Fit methods & “data” samples
• Fit methods

‣Markov Chain Monte Carlo (MCMC)

■ actually used as a mere sampling method (sampling density not used)

• success and failure of the steps are defined by the χ2

‣ χ2 fit: Minuit minimisation

■ used for “scans” or in conjunction with MCMCs to get the overall best minimum

• Data samples for MCMCs

‣ about 25 million points for each model (CMSSM & NUHM1)
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CMSSM spectrum at best fit point

CMSSM – Best fit point:
M0=60 , M1/2=310, A0=130, tanβ=11
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CMSSM spectrum at best fit point

CMSSM – Best fit point:
M0=60 , M1/2=310, A0=130, tanβ=11
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Higgs funnel! 
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CMSSM spectrum at best fit point

CMSSM – Best fit point:
M0=60 , M1/2=310, A0=130, tanβ=11
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Higgs funnel! 
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NUHM1 spectrum at best fit point

NUHM1 – Best fit point:
M0=170 , M1/2=260, A0=-1330, tanβ=12
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NUHM1 spectrum at best fit point

NUHM1 – Best fit point:
M0=170 , M1/2=260, A0=-1330, tanβ=12
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➠ Present data favours 
low mass SUSY
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The key players (CMSSM)
• Percent change of 95% C.L. contour area 

as a function of relative uncertainty
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The key players (CMSSM)
• Percent change of 95% C.L. contour area 

as a function of relative uncertainty
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‣ in general, parameter 
space weakly constrained

‣ g-2 still the strongest
constraint
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• 95% CL contours with and without relic density (CMSSM)

Same, M1/2 – M0 plane
Variation of 95% CL contours

with and without WMAP constraint
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• 95% CL contours with and without relic density (CMSSM)

Same, M1/2 – M0 plane
Variation of 95% CL contours

with and without WMAP constraint
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• Likelihood functions with and without relic density

NUHM1CMSSM
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• Likelihood functions with and without relic density

NUHM1CMSSM
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• Likelihood functions (with and without LEP Higgs limit)

LSP mass – NUHM1LSP mass – CMSSM
(relic density constraint included)
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• Likelihood functions (with and without LEP Higgs limit)

LSP mass – NUHM1LSP mass – CMSSM
(relic density constraint included)
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• Likelihood functions for spin-independent 
WIMP scattering cross-section

NUHM1CMSSM
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• Likelihood functions for spin-independent 
WIMP scattering cross-section

NUHM1CMSSM
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➠ Strong constraints on detection cross-section
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• “Expectation” for dark matter searches

Spin-independent cross-section vs. LSP mass
NUHM1

Spin-independent cross-section vs. LSP mass
CMSSM

1-
CL

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

]2 [GeV/c0
1χ

m
210 310

]2
 [c

m
SI p

σ

-4810

-4710

-4610

-4510

-4410

-4310

-4210

-4110

-4010

~

SuperCDMS (Projected) 25kg (7-ST@Snolab)
XENON10 2007 (Net 136 kg-d)
CDMS: 2004+2005 (reanalysis) +2008 Ge

1-
CL

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

]2 [GeV/c0
1χ

m
210 310

]2
 [c

m
SI p

σ

-4810

-4710

-4610

-4510

-4410

-4310

-4210

-4110

-4010

~

~

Putting it all together...
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• “Expectation” for dark matter searches

Spin-independent cross-section vs. LSP mass
NUHM1

Spin-independent cross-section vs. LSP mass
CMSSM
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➠ We expect news very soon!
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• Where we stand now

‣ SUSY searches at CMS

‣ preferred CMSSM 
parameter space
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• Where we stand now

‣ SUSY searches at CMS

‣ preferred CMSSM 
parameter space
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• Tomorrow?

‣Dilepton edge 
measurement at 
CMS

‣ 1/fb integrated 
luminosity at 14 TeV

• LHC-DM interplay!
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Conclusions & Outlook

17

• Experimental constraints already exist

‣ powerful tool to set “expectation” in a given model

‣ expectation within CMSSM and NUHM1 shown

■ already strong constraints on LSP mass and scattering cross-section, in this context

■DM searches will be able to discover LSP (or exclude these models) soon

‣more interplay to come with the rise of the LHC

■ first glance at interplay here: how about expectation at LHC from DM searches?...

• Future plans

‣ other models: mSUGRA, VCMSSM (more sensitive to Ωh2)

‣more limits from DM related experiments in the fit

‣more measurements!


