
Indirect Constraints and SUSY

LHC New Physics Signatures Workshop

Albert De Roeck
CERN &

Antwerp University &
IPPP Durham, UK

Oliver Buchmuller
CERN



       2



25/07/2007 HPC 2007  O. Buchmueller

\

Common framework  

Buchmuller et al., PLB 657/1-3 pp 87-94
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Common framework  

First Exercise:
Look for regions in 

CMSSM Space
using the constraints
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“best CMSSM Fit”

Sparticle Spectrum 

 M0      M12    A0     tb
 49.2   232.3 -122.4  6.9
 Ma=372 GeV; mu=336 GeV; mh=111 GeV  

“LHC weather
forecast”
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Higgs Mass “Prediction”

LEP mH constrained not used in fit
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New Analyses

Markov Chain Monte Carlo (MCMC):
To ensure a comprehensive mapping of the parameter space we
have performed several MCMC’s with many different starting points.
The shown contour is the combined result of all of them.

Contours:
Contours are defined from all MCMC’s. So far, we have not
performed toys to validate and refine all the 68% (blue) and 95% (red)
contours but cross checks show that the contours are reliable.

χ2 Minima:
The overall χ2 minima is determined using Minuit. The chosen starting
values are determined from the results of the MCMC sampling of the
parameter space.
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Low energy observables
BR(b→sγ) MicrOMEGAs Isidori & Paradisi
BR(b→sll) Isidori & Paradisi
BR(Bs→µµ) MicrOMEGAs Isidori & Paradisi
BR(B→τν) Isidori & Paradisi
BR(K→τν) Isidori & Paradisi
BR(K→πνν) Isidori & Paradisi
Δms/ Δmd Isidori & Paradisi 
Δms Isidori & Paradisi
ΔmK Isidori & Paradisi
g−2 FeynHiggs

High energy EW observables
Rl A. Weber et al.
Rb  A. Weber et al.
Rc  A. Weber et al.
Afb  (b)  A. Weber et al.
Afb  (c)  A. Weber et al.
Ab  A. Weber et al.
Ac  A. Weber et al.
Al(SLD)  A. Weber et al.
sin2θeff  A. Weber et al.
mW  A. Weber et al.
ΓZ  A. Weber et al.

Higgs sector observables
mh

light FeynHiggs

Cosmology observable
Ωh2 MicrOMEGAs DarkSUSY

Extension of the Constraints 

Improved Heavy flavour code
(particularly for high tanβ) 
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Non-Universal Higgs Model (NUHM)

“NUHM = CMSSM but with decoupled Higgs sector at GUT scale”

m0:=  mSQ=mSL=mH

NUHM I Model (5 Parameter) 

m0 , m1/2 , A0 , tanβ , Mh [Mhu=Mhd]

NUHM II Model (6 Parameter)

m0 , m1/2 , A0 , tanβ , Mhu , Mhd 
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NUHM I Contours - Part I

m0[GeV] m0[GeV]

tanβ M1/2[GeV]

Preliminary Preliminary
95% CL
68% CL
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NUHM I Contours - Part II

m0[GeV]m0[GeV]

Mh
2[GeV2]] A0[GeV]

Preliminary Preliminary

95% CL
68% CL
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NUHM I Contours - Part III

MA[GeV]m0[GeV]

+-Mh[GeV]] µ[GeV]

Preliminary Preliminary
95% CL
68% CL
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Considered Models

NUMH I TODAY:  Use of indirect constraints only 

CMSSM TODAY:  Use of indirect constraints only 

CMSSM 2009:      Use of indirect constraints &
assumed kinematic edge measurements from LHC: 

Assume 5% measurement of the 

edge with leptons only  

Assume 10% measurements of the kinematic

Quantities involving jets  
[Conservative uncertainty estimates]
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MSSM Higgs -95% CL

MA[GeV]

tanβ

- NUMH1 TODAY (95% CL) Prel.
- CMSSM TODAY (95% CL)
- CMSSM 2009 (95% CL)
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MSSM Higgs - 68% CL

MA[GeV]

tanβ

- NUMH1 TODAY (68% CL) prel.
- CMSSM TODAY (68% CL)
- CMSSM 2009 (68% CL)

Preliminary
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Dark Matter
Direct detection of WIMP (LSP) Dark Matter

Sensitivity Plot:
WIMP(LSP) Mass vs. σp

SI

σp
SI: spin-independent dark matter WIMP

elastic scattering cross section on a free
proton.

A convenient way to illustrate direct
and indirect WIMP searches.
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WIMP Sensitivity Plot

- NUMH1 TODAY (95% CL) prel.
- CMSSM TODAY (95% CL)
- CMSSM 2009 (95% CL)

Contours:
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“best CMSSM Fit” “best NUHM Fit”

Spectrum Comparison

 M0      M12    A0     tb     Mhd2         Mhu2

 101.9   208.1 -523.1  6.7 -183000  -72300
 MA=220 GeV; mu=460 GeV; mh=113 GeV  

 M0      M12    A0     tb
 49.2   232.3 -122.4  6.9
 MA=372 GeV; mu=336 GeV; mh=111 GeV  
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Conclusions

. Modular framework for comparison (~) in place
 Allows to study “preference” of new physics phase space
 Allows to study consistency between new signals and precision data
 Expect to become important for the interpretation of potential

discoveries, eg dark matter and heavy Higgs constraints

. Early SUSY discovery@LHC “preferred”

. Higgs perhaps already seen by LEP 

. This is an open project. Collaborators welcome

. Next steps could/will include
 More systematic study of the individual effect of different variables
 More systematic study on the uncertainties (eg. sparticle spectrum)
 More general SUSY models
 Other than SUSY BSM
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Backup
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Dark Matter -WIMP(LSP) contours

- NUMH1 TODAY (95% CL)
- CMSSM TODAY (95% CL)
- CMSSM 2009 (95% CL)

WIMP Mass [GeV]
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CMSSM
Constrain soft-breaking parameters at the GUT scale

CMSSM - a very constraint model:

Free Parameters:
m0 , m1/2 , A0 , tanβ , sign(µ) 

All the soft SUSY breaking parameters at the weak 
scale are obtained through 

Renormalization Group Equations (RGE’s) 



       29



       30

New list of constraints
Flavour code SUSY-POPE

FeynHiggs
MicrOMEGAs

+ mh >(115±1.1±3) GeV from FeynHiggs


