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Constrained Minimal Supersymmetric 
Standard Model

G. L. Kane, C. F. Kolda, L. Roszkowski and 
J. D. Wells, Phys. Rev. D 49 (1994) 6173

figure from hep-ph/9709356



Comparison of experimental data and 
model prediction

Traditional chi-square method: 

As long as experimental central value and error are 
given, one can use chi-square method to 
compare the experimental data and model predictions.
 
 Alternatively...



Bayesian Statistics...

●  Likelihood: the probability of obtaining data if hypothesis is true.
 

●  Prior: what we know about hypothesis BEFORE seeing the data.
 

●  Evidence:  normalization constant, crucial for model comparison.

●  Posterior: the probability about hypothesis AFTER seeing the data.

Bayes theorem:



There is no single, ``right'' statistics...

Bayesian statistics is very popular in many branches of science (astronomy, 
cosmology, etc.).
 
For example, The Wilkinson Microwave Anisotropy Probe (WMAP) 
analysis of cosmic microwave background (CMB) spectrum:
 



Prior dependence 

Prior dependence is two-fold:
○  Prior range. 

○  Prior distribution. 

● If the Likelihood is well-peaked, the posterior follows the Likelihood
● Otherwise, it follows the prior.



Gaussian Likelihood



Likelihood from limits
 Upper/lower limit for null result: exclusion.

● Use error function to smear the bound! 
● Can add theory error as well.

 



SUSY search at CMS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS



How do we include 
information from 
CMS alphaT (1.1
/fb) analysis into 
our likelihood? 

How could we go 
beyond the CMS 
published alphaT 
m_0 and m_1/2 
range?



Poisson Likelihood

Poisson distribution to characterize counting experiments. 



Our approximate Efficiency maps

Fowlie, Kalinowski, Kazana, Roszkowski, Tsai (arXiv:
1111.6098)
 

Our Efficiency map  

More selected events at 
large m_1/2 !



Limit from CMS alphaT 1.1/fb
 

VERY GOOD AGREEMENT WITH 
CMS 95% LIMIT!

Fowlie, Kalinowski, Kazana, Roszkowski, Tsai (arXiv:1111.6098)
 

CMS alphaT 1.1/fb 
95% lower limit.

We can extend the range of m_0 
and m_1/2 to whatever we want.



SUSY: Summary of constraints 
Dark Matter relic density 

Favour physics

anomalous magnetic 
moment of the muon

We include all important 
constraints.

Dark matter search



Including all the constraints 
into likelihood, 

we can conduct a random 
scan with prior range:



Impact of the alphaT limit on CMSSM

 
 

Before LHC After LHC
er

General trend: 
● favoured ranges are now pushed up.
● poorer fit, but
● best fit point remains just above the CMS 95% CL limit



Direct searches of dark matter 
  currently best limit from XENON100

XENON100 limit not applied here



Impact on CMSSM

● DM XENON100 limit has small additional effect
           LHC limits on CMSSM are stronger

Also: large theoretical uncertainties (~ factor of 10) in evaluating sigma_p

Before XENON100 After XENON100



Impact of Xenon100 detection 

● The Xenon100 limit shows that DM searches are still marred by 
large  (~ factor of 10) theoretical uncertainties.

● Even if reduce them to ~1 will make little difference.
● Current LHC limits are much stronger.

Roszkowski, Sessolo, Tsai (arXiv:1202.1503)
 



LHC: Posterior 68% and 95% C.L. ranges 
of sparticles and Higgs masses

Some examples: 



Summary
● With 1.1/fb at LHC: improved limits on SUSY particle masses.

● The CMSSM has become severely constrained but not 
excluded.

 
● Constraints from direct detection of dark matter are currently 

weaker. One reason: still large theoretical uncertainties.
 
● Our method is completely general. It can be applied to other 

models (SUSY or not). 

● We have developed a framework based on Bayesian approach 
to include limits and future signals from the LHC.

 
● Work in progress: updated limits including Razor 5/fb and 

impact of possible Higgs signal.

 



The End.
Thank you for your 

attention.


