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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)
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when include theoretical error estimate τ (assumed Gaussian):

σ → s =
√
σ2 + τ2

TH error “smears out” the EXPTAL range
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Experimental Measurements
(assume Gaussian distributions)

SM (nuisance) parameter Mean Error

µ σ (expt)

Mt 172.6 GeV 1.4 GeV

mb(mb)
MS 4.20 GeV 0.07 GeV

αs 0.1176 0.0020

1/αem(MZ ) 127.955 0.030

new BR(B̄ → Xsγ) × 104:
SM: 3.15 ± 0.23 (Misiak &
Steinhauser, Sept 06) used here

Derived observable Mean Errors

µ σ (expt) τ (th)

MW 80.398 GeV 25 MeV 15 MeV

sin2 θ
eff

0.23153 16 × 10−5 15 × 10−5

δaSUSY
µ × 1010 29.5 8.8 1

BR(B̄ → Xsγ) × 104 3.55 0.26 0.21

∆MBs
17.33 0.12 4.8

Ωχh2 0.1099 0.0062 0.1 Ωχh2

take w/o error: MZ = 91.1876(21) GeV,GF = 1.16637(1) × 10−5 GeV−2
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Experimental Limits
Derived observable upper/lower Constraints

limit ξlim τ (theor.)

BR(Bs → µ+µ−) UL 1.5 × 10−7 14%

mh LL 114.4 GeV (91.0 GeV) 3 GeV

ζ2h ≡ g2ZZh/g
2
ZZHSM

UL f(mh) 3%

mχ LL 50 GeV 5%

m
χ

±
1

LL 103.5 GeV (92.4 GeV) 5%

mẽR
LL 100 GeV (73 GeV) 5%

mµ̃R
LL 95 GeV (73 GeV) 5%

mτ̃1 LL 87 GeV (73 GeV) 5%

mν̃ LL 94 GeV (43 GeV) 5%

mt̃1
LL 95 GeV (65 GeV) 5%

mb̃1
LL 95 GeV (59 GeV) 5%

mq̃ LL 318 GeV 5%

mg̃ LL 233 GeV 5%

(σSI
p UL WIMP mass dependent ∼ 100%)

Note: DM direct detection σSI
p not applied due to astroph’l uncertainties (eg, local DM density)
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reason: data not constraining enough (yet)
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Impact of Priors on Observables
Trotta et al, arXiv:0809.3792

light Higgs massmh gluino massmeg

thick solid: all data

dash: collider + CMB data, dots: no data imposed

⇒ impact of priors less strong on observables than on CMSSM
parameters
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Beyond the CMSSM...
Constrained Next-to-MSSM (CNMSSM)

Higgs: Hu ,Hd and singlet S; λS3

0906.4911light Higgs massmh gluino massmeg

⇒ impact of priors less strong on observables

but for example in NUHM it remains strong
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SUSY models and DM direct detection
Bayesian analysis, flat priors

Constrained MSSM (mSUGRA)
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Parameter reconstruction
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Parameter reconstruction

...once positive measurements are made...
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Parameter reconstruction

...once positive measurements are made...

task: reconstruct underlying SUSY parameters

model dependent program
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Case study: ATLAS SU3 Point
ATLAS SU3 benchmark point, arXiv:0901.0512
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Case study: ATLAS SU3 Point
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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Case study: ATLAS SU3 Point
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 analysis of
the decay chain
eqL → χ0

2(→ el±l∓)q → χ0
1l

+l−q
and

the high-pT and large missing
energy analysis of the decay chain
eqR → χ0

1q

χ2 minimization

int. lum. 1 fb−1
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ATLAS SU3 measurements
Aad, et al., arXiv:0901.0512

1st errors: parabolic

2nd errors: jet energy scale

The covariance matrix (ATLAS):

mχ0
1

mχ0
2

−mχ0
1

fmel
−mχ0

1

meq −mχ0
1

mχ0
1

3.72 × 103 53.40 1.92 × 103 10.75 × 102

mχ0
2

−mχ0
1

3.6 29.0 −1.3

fmel
−mχ0

1

1.12 × 103 4.65

meq −mχ0
1

14.1
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ATLAS: SU3 parameter reconstruction
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
LR, CERN, 10 February 2011 – p.17



Reconstruction ofm1/2,m0 with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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Reconstruction ofm1/2,m0 with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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ATLAS analysis

θ = {mχ0
1

,mχ0
2

−mχ0
1

,fmel
−mχ0

1

,meq−mχ0
1

}
−2 ln LATLAS = χ2

ATLAS
= (θ −

θML)tC−1(θ− θML)

red diamond: SU3 point

green cross in circle: best-fit value

big dot: posterior mean

dark blue: 68% total prob. region

light blue: 95% total prob. region
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Reconstruction ofm1/2,m0 with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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ATLAS analysis

Nested Sampling (NS) scan

50 GeV ≤m1/2,m0 ≤ 500 GeV, µ > 0

−2 TeV ≤A0 ≤ 2 TeV, 2 ≤ tanβ ≤ 62

follow ATLAS input

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

similar for flat prior and profile likelihood (akin
to χ2)
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Reconstruction ofA0, tanβ with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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Reconstruction ofA0, tanβ with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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−2 ln LATLAS = χ2
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red diamond: SU3 point
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dark blue: 68% total prob. region
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Reconstruction ofA0, tanβ with SB
ATLAS SU3 benchmark point

Bayesian analysis, use Gaussian approx. with publicly available info
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ATLAS analysis

NS scan

50 GeV ≤m1/2,m0 ≤ 500 GeV, µ > 0

−2 TeV ≤A0 ≤ 2 TeV, 2 ≤ tanβ ≤ 62

follow ATLAS input

fix SM (nuisance) parameters

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

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

cannot resolve sign ofA0
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1dim posterior pdfs
ATLAS SU3 benchmark point
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SU3: CMSSM vs MSSM
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SU3: CMSSM vs MSSM
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SU3: CMSSM vs MSSM
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green points: allowed by CMSSM

red ellipses: ATLAS likelihood

blue ellipses: posterior constraints

theory advantage:

⇒ using posterior allows much better determination of mχ0
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Add info about Ωχh
2

take WMAP error on Ωχh
2: 0.0062
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Add info about Ωχh
2

take WMAP error on Ωχh
2: 0.0062
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Add info about Ωχh
2

take WMAP error on Ωχh
2: 0.0062
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similar result for flat prior and profile likelihood

determination of m1/2,m0 spot on!

tanβ resolved reasonably well

determination of A0 remains poor

still cannot resolve sign of A0
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Posterior pdf vs. profile likelihood
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Posterior pdf vs. profile likelihood
ATLAS data only
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Posterior pdf vs. profile likelihood
ATLAS data only
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Posterior pdf vs. profile likelihood
ATLAS data only
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good agreement but residual prior dependence in PL
some improvement via MultiNest proposed in arXiv:1101.3296LR, CERN, 10 February 2011 – p.23



Determination of Ωχh
2

ATLAS SU3 point

LR, CERN, 10 February 2011 – p.24



Determination of Ωχh
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Determination of Ωχh
2

ATLAS SU3 point
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use only ATLAS data

similar result for log prior and pro-
file likelihood

red diamond: SU3 point

green cross in circle: best-fit value

dark blue dot: posterior mean

LR, CERN, 10 February 2011 – p.24



Determination of Ωχh
2

ATLAS SU3 point
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use only ATLAS data

similar result for log prior and pro-
file likelihood

red diamond: SU3 point

green cross in circle: best-fit value

dark blue dot: posterior mean

⇒ Ωχh
2

= 0.253 ± 0.034
relative accuracy of ∼ 10%
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Determination of σSI

p
assume Planck-like error: reduce WMAP error on Ωχh2 by ∼ 5 (∼< 0.0016)
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Determination of σSI
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Determination of σSI
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similar result for flat prior and profile likelihood

determination of σSI
p much improved by adding WMAP error on Ωχh

2

Planck: limited impact
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The LHC is on...

CMS, arXiv:1101.1628
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Prepare!
Include LHC results on SUSY searches in the likelihood f’n

analysis SUSY model dependent

CMSSM, CNMSSM, NUHM, general MSSM, ...

need to evaluate the likelihood f’n

depends on what CMS and ATLAS will publish

need (model-dependent) datasets and pdfs

CMSSM of general interest: obvious start, but need to go beyond

adopt Les Houches accord?

can expts publish data with and and w/o detector unfolding?

employ workspace of RooFit/RooStats?

???
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Summary
MCMC + Bayesian statistics: powerful tool for LHC/Planck era to
properly analyze multi-dim. “new physics” models like SUSY

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

CMSSM, CNSSM, NUHM, ... – currently underconstrained

ATLAS CMSSM SU3 benchmark point with 1 fb−1

Bayesian reconstruction of CMSSM parameters with simple
Gaussian approximation and public info (except covariance
matrix) comparable to that claimed in ATLAS analysis

almost no prior dependence left

theory extras: adding WMAP or Planck info on Ωχh
2, etc: strong

impact on further reducing CMSSM parameter errors

need to discuss/agree on the form/amount of info to be released by
ATLAS and CMS
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