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Introduction
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Overview

Search for a heavy neutral higgs,

Which decays to 𝜏𝜏

1. Simple Counting Experiment

2. Shape Based Analysis

3. Adding Control Regions

4. Physics models – beyond a single

 Signal strength parameter
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Overview

Search for a heavy neutral higgs,
Which decays to 𝜏𝜏
● Limit Setting
● Significance  Testing
● Asymptotic Calculations
● Toy-based Calculations
● Parameter Extraction
● Fit Debugging
● Fit Plotting
● Nuisance Parameter Checks
● Multi-Dimensional Likelhood Scans
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Part 1 – Counting Experiment
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Counting Experiment

Count number 
of events in high 
m

T
  region

backgrounds

Systematic uncertainties

signal

observation
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Computing limits

Use a modified version of the 

likelihood ratio test statistic

We use:

(And use CL
s
 criterion)

Values up 
here are 
rejected

Values down here 
are not rejected
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Asymptotic vs Using Toys

Under some conditions the 

distribution of the test statistic is 

known analytically:

→ Use asymptotic approximation

Otherwise:

Generate many sets of pseudodata 

to get an empirical distribution of 

the test statistic
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Expected

Asymptotic Approximation

Empirical Distribution

2.5%
16.0%
50.0%
84.0%
97.5%
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Empirical test statistic distributions

Can directly look at the distributions of the test statistics under the background-only and 
signal_background hypothesis
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This point ( r=10.6554) is (just barely) not rejected



Part 2 - Shape Experiment
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Use the full histogram!

Input histograms
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Shape-based analysis improved limits over simple counting 

experiment

Shape-based Counting
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Fit diagnostics

In this case we do have explicit formulas for the pdf, we 

constructed it with combine!

BUT we want to make sure the model we’ve constructed is 

sensible and the fits are running well!
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Fit Parameter Values
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Part 3
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Rate Parameters

Can add rate parameters which scale certain processes

To allow the rates of the ttbar and Z->ll process in the control regions to influence those in the signal region,
Connect them to each other via a rate parameter
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Impacts

20



Visualizing fits

Prefit background -only fit
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Significance

We calculate the p-value of 
the modified Likelihood 
Ratio test-statistic q

0
 and 

quote a significance
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Significance

Simple Asymptotic Calculation – assume known distribution of test-statistic

Can also instruct combine to give the 
p-value directly with the --pvalue 
flag
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Significance

Can also check expected significance for various signal strengths, 

e.g. with -t -1 --expectSignal 1.5

Can also use fit model after a first fit to the data to get model parameters with
--toysFrequentist
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Signal Strength measurement

With a 
sign flip
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Uncertainty Breakdowns
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Channel Masks

Can also mask particular channels to investigate the fit, e.g. 

masking the control regions:
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Part 4
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Two Parameters of Interest

2-Dimensional NLL map

r_bbH
r_

gg
H
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Prep for tomorrow
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Tomorrow – Parametric Models
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If you’re not very familiar with ROOT and RooFit You might want 

to check this pre-tutorial: 
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part5/roofit/

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part5/roofi

