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IntroductionIntroduction
 How can we best exploit the available experimental data to constrain

New Physics models?
 Combine as much experimental information as possible
 Famous example:

 Standard Model fit to electroweak precision data

 Extend it to include New Physics models
 Here: Minimal SuperSymmetic Standard Model (MSSM)

 Necessary tools:
 calculations for experimental observables in that model
and
 a common framework that interfaces between the different calculations

and combines the obtained information

 Objectives/Outcome:
 Fit model parameters in some MSSM scenarios
 Explore sensitivity of different observables to parameter space
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General IdeaGeneral Idea
 What observables can be used to constrain the model?

 Low energy (precision) data
 Flavour physics (many constraints from B physics)
 Other low energy observables, e.g. g-2

 High energy (precision) data
 Precision electroweak observables, e.g. MW, mtop, asymmetries

 Cosmology and Astroparticle data
 e.g. relic density

 How to exploit this information?
 State of the art theoretical predictions (tools)
 Development of a framework for combination of these tools

 Collaboration between experiment and theory

See O. Buchmüller et al., PLB 657/1-3 pp.87-94
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Common framework developmentCommon framework development
 General overview:

 Consistency
 Relies on SLHA

interface

 Modularity
 Compare calculations
 Add/remove predictions

 State-of-the-art
calculations
 Direct use of code from

experts
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Common framework applications (I)Common framework applications (I)
 Use case 1:

 Input to external
SUSY fitters
 Provide consistent

predictions (low-
energy, EW, etc.) to
LHC/ILC-oriented
fitters

 Work started in this
direction with the
Fittino collaboration
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Common framework applications (II)Common framework applications (II)
 Use case 2:

 Fit today’s data
(χ2-minimisation)
 Constrain SUSY

parameter space
 Will become even

more interesting
when combined with
discoveries

 Various modes:
 Overall best

minimum (MINUIT)
  χ2 scans
 Markov-Chain

Monte Carlo
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List of implemented ObservablesList of implemented Observables

→µ
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Example ApplicationExample Application
 Constraining the parameter space of the CMSSM

 multi-parameter χ2 fit

See O. Buchmüller et al., PLB 657/1-3 pp.87-94
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Observables used in the CMSSM fitObservables used in the CMSSM fit
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““Electroweak fitElectroweak fit”” in the CMSSM in the CMSSM

See O. Buchmüller et al., PLB 657/1-3 pp.87-94

SMCMSSM

χ2 /Ndof = 17.0/13 (20% prob.)

χ2 /Ndof = 18.2/13 (15% prob.)
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MMHH in the CMSSM in the CMSSM
 Scan of the Higgs mass

 fix MH to scan value
 minimize all model parameters in

each point
 determine uncertainty in MH

prediction

 SM fit:
  MH = 78 +33 -22 GeV
 12% probability at LEP exclusion

limit (including theoretical
uncertainty)
 LEPEWWG: arXiv:0712.0929

 CMSSM fit:
  MH = 110 +8 -10 ± 3 GeV
 20% probability at LEP exclusion

limit (including theoretical
uncertainty)

SM vs CMSSM

Direct dependence on MH in CMSSM as
compared to indirect dependence in SM
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Next stepsNext steps

 Use the developed framework to obtain predictions
for EW and low-energy observables
 study parameter space of CMSSM as an example
 other scenarios within MSSM possible

 What information can we obtain?
 Study not only effect on MH but also on the other model

parameters
 Study the importance of the individual constraints

 EW and B Observables, g-2, WMAP
 Use Markov-Chain type Monte Carlo to intelligently sample

4-dim parameter space
 Not only to find minimum but also to map CL regions

 Minima determined through MINUIT fits
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LHC discovery reachLHC discovery reach
 5 σ discovery reach for 1fb-1

 Very similar for ATLAS and CMS
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LHC discovery reachLHC discovery reach
 5 σ discovery reach for 1fb-1

 Very similar for ATLAS and CMS

If CMSSM is
realised in Nature a
signal will be seen

fairly early

Otherwise,
exclusion will be

possible

95% CL allowed
68% CL allowed
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Sensitivity to individual observables (I)Sensitivity to individual observables (I)
 WMAP

 How big is the influence of the cosmological data?
 Compare 95% CL contours with/without the WMAP

constraint
Note: minimum is different for the two scenarios

95% CL contours

preliminary

95% CL contours
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Sensitivity to individual observables (II)Sensitivity to individual observables (II)

 Influence of g-2
 Variation of uncertainty

in g-2 measurement
 How fine tuned is the

current scenario
(CMSSM)?

 Use contour area in
parameter space as
measure

 Determine differences
in sensitivity of the
various model
parameters

current g-2

95% CL
contours

pr
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ry
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How to quantify sensitivity?How to quantify sensitivity?
 Graphs showing percentage change in contour

content as a function of observable uncertainty

 Importance of g-2 and B→Xsγ evident
 In these projections, WMAP not so sensitive

Error scaling Error scaling

M0 - tanβ projection M0 - M12 projection
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Future PlansFuture Plans
 Continue sensitivity tests

 e.g. EW sector, MW
 quantify sensitivity of observables to model parameters

 Probing other models
 Non-universal Higgs mass (NUHM I+II)
 “phenomenological” MSSM (+additional constraints)

 Sharing the code
 Still needs polishing and some documentation
 Predictions for observables in  MSSM scenarios can be

provided
 Aim is to make it public
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ConclusionsConclusions
 For comprehensive interpretation of LHC data it is necessary to

check for consistency with all available experimental data

 Efforts to combine…
 various sets of experimental constraints
 in different models
 and in different ways

…are ongoing

 CMSSM as an example:
 provides Higgs mass compatible with LEP limit but much better

constraint
 would be discoverable at the early stages of the LHC (1fb-1)
 allows to explore sensitivity of individual constraints

 g-2, B→Xsγ quite “fine-tuned”

 Other models to be investigated

95% CL allowed
68% CL allowed


