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In case you are not aware, no Higgs 
nor SuSy particles were seen this 
summer… 

…But a lot of nice results 
were shown!  
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>1fb-1 
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Text 

This talk! 

Credit: H.Bachacou 
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Outline 

In 15 min, try to understand ONE 
“yellow/green” plot 

 
Then show the most important results 

about Higgs searches 
 

And about SuperSymmetry searches 
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Starting point:  Describing the data 
Before asking any statistical question, one must have a model for 
the data, i.e. the full structure P(data|Θ,ν) 

This is where physics knowledge/ understanding come in 
 

 Should be easy to compute (generation of pseudo-data) 

• Holding parameters fixed 
gives a PDF for data 

 
• Holding data fixed gives a 

“likelihood function” for 
parameters 

 

Credit: N.Berger 
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The test statistics and its distribution 

The “test statistic” q is a single number 
that quantifies the entire experiment 

It is built from the model in order to discriminate as 
well as possible different hypothesis 

(can be number of events, or likelihood ratios etc…) 

Observed data 

 

Distributions obtained from 
known form or pseudo-experiments 
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Discovery ? 
Discovery is a “Hypothesis test” in the Frequentist setup 

 One tests: a “null” hypothesis H0    against an “alternate” H1 

 Ex:  H0=background  H1=signal+background 
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=  test statistic 

Observed data 

 



Discovery ? 
Discovery is a “Hypothesis test” in the Frequentist setup 

 One tests: 

(typically referred as “Type I error”, α, CLb, p0 or b-only p-value)   

If p0 is < α, then reject H0 ! (5σ means α=2.9 10-7)  

a “null” hypothesis H0    against an “alternate” H1 

 Ex:  H0=background  H1=signal+background 
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=  test statistic 

Observed data 

 

 Blue area is the fraction of the time that, if H0 were true and the 
experiments were repeated many times, one would obtain data as far away 

(or further) from H0 as the observed data 



Discovery ? 

Do we see the Higgs? In practice: 

p0 here is ~0.18 

 We cannot exclude the 
SM(without Higgs) for 

mH=250GeV 
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Means that the probability 
to exclude the background-
only hypothesis while it is 

true is ~18% 



Discovery ? 
What about all the hypothetical Higgs masses ? 

Observed curve compatible with the background-only hypothesis over all 
the Higgs mass range (no more than a 2.1σ discrepancy) 

Expected curve here is what we would expect in the hypothesis of the SM 
Higgs boson production. How is it built?  
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Expected result band 

 Generate pseudo-experiments in the 
hypothesis of the SM Higgs production 
Compute the p-value for each 
Get median and quantiles of distribution 

Repeat for all mass points and interpolate  

How to compute expected results? 
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Limit-setting 

So far, from observed data test statistic we derived a probability (CL, or 
p-value) related to the compatibility of the data with a given hypothesis  

In some sense, the hypothesis was ‘fixed’ while CL was left ‘floating’  

E.g.: H0: b-only  vs alt. s+b with mH=250GeV    p0=18% 

 We can extract more information by reverting this situation: 
  

We would like to know  what is the hypothesis for which the compatibility 
with the observed data is lower than a given CL (typically 5%)? 

For this, one first defines:  
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Formally one tests: 

Limit-setting 
H0: B+μ0S  vs  H1: B+μS, μ<μ0 (“one-sided” alternative)  

more signal 

Goal: Find the signal strength μ0 that gives a p-value of 0.05  
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Formally one tests: 

Limit-setting 
H0: B+μ0S  vs  H1: B+μS, μ<μ0 (“one-sided” alternative)  

more signal 

By construction: 
  μ>μ0 is rejected because p<0.05 [0, μ0] is 95% confidence interval 

μ0 is a 95% CL upper limit on the signal strength 
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For practical determination of μ0 : c.f. back-up slides 

Goal: Find the signal strength μ0 that gives a p-value of 0.05  

Credit: K. Cranmer 



Higgs upper limits 

• The y axis is the signal strength μ (normalized to the SM one), not a CL! 
• This plot does not show the CL, but the values of μ that gives CL=95% 
•When limit curve goes below y=1: 
 the SM Higgs boson production (μ=1) is excluded at 95% CL 
•The yellow/green band is the expectation from MC in the background-only 
hypothesis , i.e. SM without Higgs (how to built it is detailed in back-up slides) 

 

Remarks: 
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95% CL upper limit on 
the signal strength μ 



Higgs upper limits 

ATLAS 

CMS 
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Individual channels 
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Biggest exclusions from:  
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Zoom at low Higgs mass 
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H bbar Tevatron combination 

@ mH=110-120 GeV 
Sensitivity is almost 
1xσ(SM) 
 
@ mH=130-140 GeV 
Sensitivity is ~2-3xσ(SM)  
 
  

Tevatron is seeking to achieve SM sensitivity for all 
interesting mass regions using full data set (~10fb-1) ! 



Upper limits in the framework of a 
heavy 4th generation of fermions 

 Exclude Higgs masses 
between 120 and 600 GeV 

Assumes mu4 and 
md4 ~600GeV 

In SM4, the Higgs production cross-section is strongly enhanced 

Possible interpretation: To find the Higgs in this range would kill 4th Gen. 
Important condition:  true only with perturbative couplings! 
Interesting implication:  If we don’t find the Higgs, 4G condensates could 
               play its role ! 
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Higgs upper limits 
Evolution with integrated luminosity 

N.B.: More channels were also added with time 
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Searches for SUSY particles 
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Searches for SUSY particles 
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Conclusions and perspectives 

Between 1 and ~2 fb-1 were analyzed during the summer 
conferences 

 

No Higgs significant excess found by ATLAS or CMS  
Almost all masses between 144 GeV and 466 GeV are 

excluded @95% CL 
 

With ~4-5fb-1 per experiment, could achieve 95% CL limit 
sensitivity for ~all mass range after combining ATLAS+CMS 

5σ combined discovery possible for ~10-15fb-1 per experiment, 
except maybe at low mass (~115GeV) 

 

SUSY as we expected it starts to be in trouble… 
Excluded @95% CL up to m~1TeV 
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Thanks for your attention! 
 

Questions? 
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Bonus slides 
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Searches for SUSY particles 
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Credit: N.Berger 
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Credit: N.Berger 
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Credit: N.Berger 
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Credit: N.Berger 
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Credit: G.Unal 
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Credit: Y.Nagai 
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Credit: H.Bachacou 


