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Estimation of signal
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 Give observed data with 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑜𝑜𝑜𝑜𝑜𝑜. events, and the expected backgrounds 
𝑁𝑁𝑜𝑜
𝑒𝑒𝑒𝑒𝑒𝑒., the measured number of signal would be
 �𝑁𝑁𝑜𝑜𝑠𝑠𝑠𝑠. = 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑜𝑜𝑜𝑜𝑜𝑜. − 𝑁𝑁𝑜𝑜

𝑒𝑒𝑒𝑒𝑒𝑒.

 Things are much more complex with real HEP data analysis

𝑁𝑁𝑜𝑜𝑠𝑠𝑠𝑠.𝑜𝑜𝑜𝑜 𝑜𝑜 = 𝜎𝜎 × 𝐿𝐿 × 𝜀𝜀 × 𝐴𝐴

 𝜎𝜎 ：cross section of physics process (signal or background)
 𝐿𝐿 ：integrated luminosity of our dataset
 𝜀𝜀： efficiency of event selection
 𝐴𝐴 ：detector acceptance

 Theoretical, experimental and statistical uncertainties
 More results desired rather than just number of events

 cross section, significance, upper limits etc..



Introduction of statistical analysis
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Likelihoods
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Nuisance parameters
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example:



Profile likelihood ratio
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Hypothesis testing: Significance and Upper Limits
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 Significance: exclude background only hypothesis
 With current observed data, the possibility of signal s=0

 Often relate significance with standard deviation of Gaussian “N sigma”

 3 sigma: evidence, 5 sigma: observation
 Approximation: s/sqrt(b), or                                  with observed n0 events

 Upper limits: exclude signal+background hypothesis with s>sx

 with current observed data, how much confidence we have that signal is 
with s<=sx
 Often use 95% Confidence Level (C.L.) upper limit

 With profiled likelihood ratio, we can determine the distribution of the 
test-statistics in the “Asymptotic limit”
 https://arxiv.org/pdf/1007.1727.pdf

More in Mingshui’s talk

https://arxiv.org/pdf/1007.1727.pdf
https://indico.ihep.ac.cn/event/9898/contribution/6


RooFit

Monday, December 20, 2021CMS数据分析统计拟合工具简介

8



Roostat and CMS Combine Tool
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 CMS Combine Tool: RooStats / RooFit - based software tools used for 
statistical analysis in CMS
 It provides a command line interface to many different statistical techniques 

available inside RooFit/RooStats

 Download and setup
 cp –r /data/pubfs/pku_visitor/wangjin/statistics/ .
 cd statistics
 source 00_downloadandsetup.sh

 #git clone https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit.git 
HiggsAnalysis/CombinedLimit

 cd HiggsAnalysis/CombinedLimit/ 
 #git fetch origin 
 #git checkout v8.1.0 
 . env_standalone.sh 
 make



Counting experiment fit with workspace
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 Construction likelihood for simple counting measurement
 w = RooWorkspace("w")
 w.factory('expr::n("mu*s +b", mu[1.0,0,4], s[5],b[8.1])')
 w.factory('Poisson::poisN(N[15],n)')
 w.factory('expr::NLL("-log(@0)",poisN)')

 nll = w.function("NLL")
 minim = RooMinimizer(nll)
 minim.setErrorLevel(0.5)
 minim.minimize("Minuit2","migrad")
 bestfitnll = nll.getVal()

 Perform fits for different values of mu
 profiling nuisance parameters
 get profiled likelihood ratio

 deltanll = tmpfitnll-bestfitnll

 example:
 01_workspace.py, 02_simpleFit.py

 Use python to run these examples

How to get uncertainty and 
significance from this?



Exercise with CMS combine tool
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Datacards
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 Wrap all the workspace ingredients in the datacards



The FitDiagnostics method
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Example: source 03_combineTool_simpleFit.sh

You can see the full set of supported options by doing “combine –h”



Datacard with shapes
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 For more complex analysis, you could have many bins and many 
systematics
 combine tool could read the histograms of multiple bins as inputs



The example shape datacards
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Create workspace from the datacards
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example: 
source 04_combineTool_shape.sh



Prefit and postfit shapes with uncertainties

Monday, December 20, 2021CMS数据分析统计拟合工具简介

17

 FitDiagnostics mode can help us visualise the distributions we are 
fitting, and the uncertainties on those distributions, both before the fit is 
performed ("pre-fit") and after ("post-fit"). 
 combine -M FitDiagnostics workspace_part3.root -m 200 --rMin -1 --rMax 2 

--saveShapes --saveWithUncertainties



Scale of signal with physics model
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Rescale events with parameterization
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Modify workspace with new models
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Extract limits
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 Combine has dedicated method for calculating upper limits
 exclude POI at a given confidence level
 most commonly use AsymptoticLimits

 implements the CLs criterion and uses the profile likelihood ratio as the test 
statistic

 the test statistic distributions are determined analytically in the asymptotic 
approximation



A lot more functions and outputs
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You can find more tutorials here:
https://github.com/FNALLPC/statistics-das/blob/master/README.md

exercise scripts: /data/pubfs/pku_visitor/wangjin/statistics/

https://github.com/FNALLPC/statistics-das/blob/master/README.md


Backup
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Profiling
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Confidence interval
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Significance and compatibility
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 P value for significance
 cout<<endl<<"Test statistic null qmu is "<<qmu<<", minpoi is 

"<<muhat<<endl;
 if(muhat<0) qmu=-qmu;
 int sign=int(qmu==0 ? 0 : fabs(qmu)/qmu);
 double Z=sign*sqrt(fabs(qmu));
 return 1-ROOT::Math::gaussian_cdf(Z);

 P value for 1D compatibility
 double pvalue_one =  ROOT::Math::chisquared_cdf_c(dnll_one,ndof_one);



Impact plots
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