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Main interests/activity

SUSY and heavy quark flavor (general flavor mixing, beyond LO
calculation ⇒ new (focusing) effect)

axino and gravitino dark matter (bounds from BBN and on TR, and
tests at the LHC)

dark matter and Fermi

low-energy SUSY models and signatures (DM, LHC), Bayesian
approach

SUSY parameter reconstruction from LHC data
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MCMC + Bayesian Statistics
(MCMC=Markov Chain Monte Carlo)

Advantages

PS: constraints applied with weights and errors (expt and theor)

easy to deal with additional parameters

efficient, nr of scan points ∝ N

‘allowed’ regions of PS: function of probability

Powerful method of exploring multi–parameter models;

allows one to make global statements, expose correlations, etc.

huge improvement over “traditional” fixed-grid scans
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residual errors in SM parameters ⇒ strong impact on favoured SUSY
ranges

effect of varyingA0, tanβ also substantial
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Apply to the CMSSM: new development, led by 2 groups

m = (θ, ψ) – model’s all relevant parameters

CMSSM parameters θ = m1/2, m0, A0, tanβ

relevant SM param’s ψ = Mt,mb(mb)
MS, αMS

s , αem(MZ)MS

ξ = (ξ1, ξ2, . . . , ξm): set of derived variables (observables): ξ(m)

d: data (ΩCDMh
2, b → sγ, mh, etc)

Bayes’ theorem: posterior pdf

p(θ, ψ|d) = p(d|ξ)π(θ,ψ)
p(d)

posterior = likelihood × prior

normalization factor

p(d|ξ) = L: likelihood

π(θ, ψ): prior pdf

p(d): evidence (normalization factor)

usually marginalize over SM (nuisance) parameters ψ ⇒ p(θ|d)
L. Roszkowski, LHC Institute, August ’09 – p.5



Probability maps of the CMSSM

Bayesian posterior pdf

L. Roszkowski, LHC Institute, August ’09 – p.6



Probability maps of the CMSSM

Bayesian posterior pdfarXiv:0705.2012

m
1/2

 (TeV) 

m
0 (

T
eV

)

CMSSM
µ>0

Roszkowski, Ruiz & Trotta (2007)

0.5 1 1.5 2

0.5

1

1.5

2

2.5

3

3.5

4

Relative probability density
0 0.2 0.4 0.6 0.8 1

MCMC scan (4 CMSSM + 4 SM
param’s)

50 GeV <m1/2,m0 < 4TeV,
|A0| < 7TeV, 2 < tanβ < 62

relative probability density fn (pdf)

flat priors

68% total prob. – inner contours

95% total prob. – outer contours

2-dim pdf p(m0,m1/2|d)

favored: m0 ≫m1/2 (FP region)

L. Roszkowski, LHC Institute, August ’09 – p.6



Probability maps of the CMSSM

Bayesian posterior pdfarXiv:0705.2012

m
1/2

 (TeV) 

m
0 (

T
eV

)

CMSSM
µ>0

Roszkowski, Ruiz & Trotta (2007)

0.5 1 1.5 2

0.5

1

1.5

2

2.5

3

3.5

4

Relative probability density
0 0.2 0.4 0.6 0.8 1

MCMC scan (4 CMSSM + 4 SM
param’s)

50 GeV <m1/2,m0 < 4TeV,
|A0| < 7TeV, 2 < tanβ < 62

relative probability density fn (pdf)

flat priors

68% total prob. – inner contours

95% total prob. – outer contours

2-dim pdf p(m0,m1/2|d)

favored: m0 ≫m1/2 (FP region)

similar study by Allanach+Lester et al.
see also, Ellis et al (EHOW, χ2 approach )
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Probability maps of the CMSSM

Bayesian posterior pdfarXiv:0705.2012
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favored: m0 ≫m1/2 (FP region)

important to vary also SM parameters
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Probability maps of the CMSSM

Bayesian posterior pdfarXiv:0705.2012
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⇒ Constrained MSSM is currently under-constrained
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Future: CMSSM Point SU3
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Future: CMSSM Point SU3
Atlas SU3 benchmark point, arXiv:0901.0512

Parameter SU3 benchmark value

m0 100 GeV

m1/2 300 GeV

tanβ 6.0

A0 −300 GeV

Ωχh2 0.23319 ⇐

SUSY mass spectrum

χ = χ0
1 117.9 GeV

χ0
2 223.4 GeV

fmel
152.2 GeV

meq 652.4 GeV

fmel
- lightest slepton mass

meq - average light squark
mass
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Future: CMSSM Point SU3
Atlas SU3 benchmark point, arXiv:0901.0512

Parameter SU3 benchmark value

m0 100 GeV

m1/2 300 GeV

tanβ 6.0

A0 −300 GeV

Ωχh2 0.23319 ⇐

SUSY mass spectrum

χ = χ0
1 117.9 GeV

χ0
2 223.4 GeV

fmel
152.2 GeV

meq 652.4 GeV

fmel
- lightest slepton mass

meq - average light squark
mass

study endpoint measurements

dileptons + lepton+jets

χ2 minimization

int. lum. 1 fb−1

1st errors: parabolic

2nd errors: jet energy scale
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Atlas: reconstruction of SU3 point
Aad, et al., arXiv:0901.0512

2D likelihood maps (int. lum. 1 fb−1)

theory errors neglected

neglect effect of SM parameters

ranges around the true value found
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Case study: Atlas SU3 benchmark point
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50 GeV ≤m1/2,m0 ≤ 500 GeV, µ > 0

−2 TeV ≤A0 ≤ 2 TeV, 2 ≤ tanβ ≤ 62

follow Atlas input + covariance matrix

fix SM (nuisance) parameters

NO exptal constraints applied (b → sγ,

Ωχh2, etc)

similar for flat prior and profile like
(akin to χ2)

determination similar to that claimed
by Atlas
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ReconstructingA0, tanβ with SB
Atlas SU3 benchmark point

L. Roszkowski, LHC Institute, August ’09 – p.11
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ReconstructingA0, tanβ with SB
Atlas SU3 benchmark point
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50 GeV ≤m1/2,m0 ≤ 500 GeV, µ > 0

−2 TeV ≤A0 ≤ 2 TeV, 2 ≤ tanβ ≤ 62

follow Atlas input + covariance matrix

fix SM (nuisance) parameters

NO exptal constraints applied (b → sγ,
Ωχh2, etc)

similar result for flat prior and profile like (akin
to χ2)

determination a bit poorer than claimed by
Atlas?

cannot resolve sign ofA0
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Add info on dark matter
WMAP error 0.0062

internal (external) contours: 68% (95%) total prob.

red diamond: SU3 point

similar result for log prior and profile likelihood
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⇒ easy to add relevant extra constraints
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Summary
MCMC + Bayesian statistics: powerful tool for LHC/Planck era to properly analyze
multi-dim. “new physics” models like SUSY

new tool: SuperBayes package, available from www.superbayes.org

easily adaptable to other models, frameworks,...

Constrained MSSM

currently underconstrained

CMSSM SU3 benchmark point with 1 fb−1 (+WMAP error on DM Ωχh2):

SB: reconstruction of CMSSM parameters less optimistic than claimed in Atlas
analysis

+ additional smearing due to neglected theory errors + SM parameter errors

adding WMAP and Planck error on Ωχh2:

determination ofm1/2,m0 very good (for SU3)

tanβ resolved reasonably well

still cannot resolveA0 well, not even its sign

SuperBayes tool: easily applicable to other multi-parameter models (NUHM, NMSSM, add
your own...)
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