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Resources

• Documentation: https://cms-analysis.github.io/HiggsAnalysis-
CombinedLimit/ 

• Everything in this tutorial is also covered here 

• Your first stop for any combine questions 

• cms-talk: https://cms-talk.web.cern.ch/c/physics/cat/cat-stats/279 

• Ask for help, submit bug reports, get notifications of updates 

• Official paper (new!) 

• In final reading, to be submitted to CSBS 

• Cite this if you use combine in your analysis
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https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
https://cms-talk.web.cern.ch/c/physics/cat/cat-stats/279
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=CAT-23-001
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Installing combine
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cmssw-el7
cmsrel CMSSW_11_3_4
cd CMSSW_11_3_4/src
cmsenv
git clone https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit.git HiggsAnalysis/CombinedLimit
cd HiggsAnalysis/CombinedLimit
git checkout v9.2.0
scramv1 b

To install current recommended version of combine:

• If you already have combine installed, it is probably ok for this tutorial … 
but no guarantees  

• combine not yet transitioned to EL9 CMSSW —> run with singularity
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Simple Counting Experiment
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Datacard: data/tutorials/counting/realistic_counting_experiment.txt

# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Single bin, with observation 0

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Four processes contributing to bin1



S. Dittmer                                     CMS Topical Workshop on Off-shell Higgs Boson Production at LPC, 3/26/24

Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

1 signal (process # ≤ 1) + 3 backgrounds

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Expected yields of each process in bin 1

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Systematic uncertainties affecting each process
‘-‘ means no effect

Datacard: data/tutorials/counting/realistic_counting_experiment.txt



S. Dittmer                                     CMS Topical Workshop on Off-shell Higgs Boson Production at LPC, 3/26/24

Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Lognormal rate uncertainties

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Gamma uncertainty on yield extrapolated 
from CR

4 events in CR x 0.16 transfer factor = 
0.64

This lets us account for the statistical 
uncertainty on a CR measurement (4) 

which does not directly enter the fit
Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax 1  number of channels 
jmax 3  number of backgrounds 
kmax 5  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Note that this can be inferred from rest of 
data card

Primarily a sanity check that you haven’t 
missed anything elsewhere

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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Simple Counting Experiment
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# Simple counting experiment, with one signal and a few background processes  
# Simplified version of the 35/pb H->WW analysis for mH = 160 GeV 
imax *  number of channels 
jmax *  number of backgrounds 
kmax *  number of nuisance parameters (sources of systematical uncertainties) 
------------ 
bin bin1 
observation 0 
------------ 
bin             bin1 bin1  bin1  bin1 
process         ggH  qqWW  ggWW  others 
process          0     1     2     3 
rate           1.47  0.64  0.06  0.22 
------------ 
lumi    lnN    1.11    -   1.11    -     
xs_ggH  lnN    1.16    -     -     -    
WW_norm gmN 4    -   0.16    -     -    
xs_ggWW lnN      -     -   1.50    -     
bg_others lnN    -     -     -   1.30  

Can replace with * and let combine infer 
correct values

Datacard: data/tutorials/counting/realistic_counting_experiment.txt
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What does likelihood look like?
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<latexit sha1_base64="GzINML0vTHp36guZoxnpQa6f6zY=">AAACInicbZDLSsNAFIYnXmu9VV26GSxCdRESKVYXQtFNlxXsBdoaJtNpOnQyCTMTsYQ8ixtfxY0LRV0JPoyTtIK2Hhj4+f5zOHN+N2RUKsv6NBYWl5ZXVnNr+fWNza3tws5uUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6Cr1W3dESBrwGzUOSc9HHqcDipHSyCmccyf2vFoCL6BtlivHJdu0T49u4y6PnPhedp3UTDJs/2AW+TRJnELRMq2s4Lywp6IIplV3Cu/dfoAjn3CFGZKyY1uh6sVIKIoZSfLdSJIQ4RHySEdLjnwie3F2YgIPNenDQSD04wpm9PdEjHwpx76rO32khnLWS+F/XidSg7NeTHkYKcLxZNEgYlAFMM0L9qkgWLGxFggLqv8K8RAJhJVONa9DsGdPnhfNEx2qWb4uF6uX0zhyYB8cgBKwQQVUQQ3UQQNg8ACewAt4NR6NZ+PN+Ji0LhjTmT3wp4yvb2ktodg=</latexit>

nggH = 1.47 ⇤ (1.16)⌫xs ggH ⇤ (1.11)⌫lumi

<latexit sha1_base64="FUuY9unBTr6+u6phunR3UhuLrSU=">AAACI3icbVDLSsNAFJ34rPUVdelmsAjVRUikVhGEohuXFewD2hom00k7dDIJMxOxhPyLG3/FjQuluHHhvzhpK2jrgYHDOfdw5x4vYlQq2/40FhaXlldWc2v59Y3NrW1zZ7cuw1hgUsMhC0XTQ5IwyklNUcVIMxIEBR4jDW9wnfmNByIkDfmdGkakE6Aepz7FSGnJNS+4m/R6jUYKL6Ft2eXjomOdHt0nbR67yaNsu2MzzWTH+dFZHNA0dc2CTowB54kzJQUwRdU1R+1uiOOAcIUZkrLl2JHqJEgoihlJ8+1YkgjhAeqRlqYcBUR2kvGNKTzUShf6odCPKzhWfycSFEg5DDw9GSDVl7NeJv7ntWLln3cSyqNYEY4ni/yYQRXCrDDYpYJgxYaaICyo/ivEfSQQVrrWvC7BmT15ntRPLKdslW5LhcrVtI4c2AcHoAgccAYq4AZUQQ1g8ARewBt4N56NV2NkfExGF4xpZg/8gfH1DYwponY=</latexit>

nggWW = 0.06 ⇤ (1.5)⌫xs ggWW ⇤ (1.11)⌫lumi

<latexit sha1_base64="oxpA8dVvwQwLX/R0gfR18pv0XE0=">AAACE3icbVDLSsNAFJ34rPUVdelmsAi1i5DUom6EohuXFewDmhgm00k7dDIJMxOhhP6DG3/FjQtF3Lpx5984bbPQ1gMDh3PO5c49QcKoVLb9bSwtr6yurRc2iptb2zu75t5+S8apwKSJYxaLToAkYZSTpqKKkU4iCIoCRtrB8Hritx+IkDTmd2qUEC9CfU5DipHSkm9WuJ/FaqATY3gJbatarZQd6/TkPnN56mdB3/Vze+ybJduyp4CLxMlJCeRo+OaX24txGhGuMENSdh07UV6GhKKYkXHRTSVJEB6iPulqylFEpJdNbxrDY630YBgL/biCU/X3RIYiKUdRoJMRUgM5703E/7xuqsILL6M8SRXheLYoTBlUMZwUBHtUEKzYSBOEBdV/hXiABMJKt1DUJTjzJy+SVtVyzqzaba1Uv8rrKIBDcATKwAHnoA5uQAM0AQaP4Bm8gjfjyXgx3o2PWXTJyGcOwB8Ynz/4QJ0D</latexit>

nothers = 0.22 ⇤ (1.3)⌫bg others

<latexit sha1_base64="sERUoyvZEknAmC36G7ggx1FRxnc=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECyCeCiJFPUiFL14rGCbQhPCZrtpl+5u0t2NUEIuXvwrXjwo4tX/4M1/47bNQVsfDDzem2FmXphQIpVtfxulpeWV1bXyemVjc2t7x9zda8s4FQi3UExj0QmhxJRw3FJEUdxJBIYspNgNhzcT333AQpKY36txgn0G+5xEBEGlpcA85EE2GrlufmXXnPNTj6dB5rpewGPB8sCs2jV7CmuROAWpggLNwPzyejFKGeYKUShl17ET5WdQKIIoziteKnEC0RD2cVdTDhmWfjb9IreOtdKzoljo4sqaqr8nMsikHLNQdzKoBnLem4j/ed1URZd+RniSKszRbFGUUkvF1iQSq0cERoqONYFIEH2rhQZQQKR0cBUdgjP/8iJpn+n4avW7erVxXcRRBgfgCJwAB1yABrgFTdACCDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gCdqZgI</latexit>

nqqWW = 0.16 ⇤ ⌫WW norm
<latexit sha1_base64="SIEcv+DXestRt437iMgLO1hIDv4=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARxEKZKUXdCEU3XVawF2hLyaRpG5pJpklGLMO8hxtfxY0LRVwJLnwb0+kstPWHwMd/zklyfi9gVGnH+bYyK6tr6xvZzdzW9s7unr1/0FAilJjUsWBCtjykCKOc1DXVjLQCSZDvMdL0xjezevOeSEUFv9PTgHR9NOR0QDHSxurZJd6LyEMQwysozwwPh9UYFmBCzWZcMDCZpCD0yNwU9+y8U3QSwWVwU8iDVLWe/dnpCxz6hGvMkFJt1wl0N0JSU8xInOuEigQIj9GQtA1y5BPVjZLdYnhinD4cCGkO1zBxf09EyFdq6num00d6pBZrM/O/WjvUg8tuRHkQasLx/KFByKAWcBYU7FNJsGZTAwhLav4K8QhJhLUJIWdCcBdXXoZGqeieF8u35XzlOo0jC47AMTgFLrgAFVAFNVAHGDyCZ/AK3qwn68V6tz7mrRkrnTkEf2R9/QDidqFf</latexit>

nexp = r ⇤ nggH + nggWW + nqqWW + nothers

<latexit sha1_base64="+ONaP8A2AX7fxkGj+SfSqFrfep8=">AAACFXicbVDLSgMxFM34rPVVdekmWIQKUmakqCBC0Y0LFxXsA9o6ZNLbNjSTGZKMWIb5CTf+ihsXirgV3Pk3pu0stPXAhZNz7iX3Hi/kTGnb/rbm5hcWl5YzK9nVtfWNzdzWdk0FkaRQpQEPZMMjCjgTUNVMc2iEEojvcah7g8uRX78HqVggbvUwhLZPeoJ1GSXaSG7u8NqNQ8l8IocJPseVgClVsM+EG8NDmBwYCe7i9JW4ubxdtMfAs8RJSR6lqLi5r1YnoJEPQlNOlGo6dqjbMZGaUQ5JthUpCAkdkB40DRXEB9WOx1cleN8oHdwNpCmh8Vj9PRETX6mh75lOn+i+mvZG4n9eM9Ld03bMRBhpEHTyUTfiWAd4FBHuMAlU86EhhEpmdsW0TySh2gSZNSE40yfPktpR0Tkulm5K+fJFGkcG7aI9VEAOOkFldIUqqIooekTP6BW9WU/Wi/VufUxa56x0Zgf9gfX5A/MnnrY=</latexit>

Lprimary = Poiss(0;nexp) = enexp

<latexit sha1_base64="XR75K/Y80smaXXrwyOWi6MC/c6k="></latexit>

Lauxiliary =
1

(2⇡)2
⇤ e�⌫2

xs ggH
/2 ⇤ e�⌫2

xs ggWW
/2 ⇤ e�⌫2

bg others
/2 ⇤ e�⌫2

lumi
/2

⇤ ⌫4WW norm ⇤ e�⌫WW norm

4!
<latexit sha1_base64="SgGB9WIFIJT6d/HmRZ4mN2i1x8Y=">AAACBnicbZDLSgMxFIYzXmu9jboUIVgEcVFmpKgboejGRRcV7AXaYcikmTY0yQxJRhyGrtz4Km5cKOLWZ3Dn25hpu9DWHwJf/nMOyfmDmFGlHefbWlhcWl5ZLawV1zc2t7btnd2mihKJSQNHLJLtACnCqCANTTUj7VgSxANGWsHwOq+37olUNBJ3Oo2Jx1Ff0JBipI3l2wc1eAlrfhZLypFMRyeGUfJAGc1vvl1yys5YcB7cKZTAVHXf/ur2IpxwIjRmSKmO68Tay5DUFDMyKnYTRWKEh6hPOgYF4kR52XiNETwyTg+GkTRHaDh2f09kiCuV8sB0cqQHaraWm//VOokOL7yMijjRRODJQ2HCoI5gngnsUUmwZqkBhCU1f4V4gCTC2iRXNCG4syvPQ/O07J6VK7eVUvVqGkcB7INDcAxccA6q4AbUQQNg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnDxOcmOs=</latexit>

L = Lprimary ⇤ Lauxiliary
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Converting Datacard to Workspace

• What is a combine datacard? 

• 1) Description of a likelihood 

• 2) Instructions to construct a RooWorkspace 

• Combine always does this conversion ‘under the hood’, but can do so 
explicitly with text2workspace.py 

• Can then inspect workspace produced

15

text2workspace.py data/tutorials/counting/realistic-counting-experiment.txt \ 
                  -o simple_counting.root

root -l simple_counting.root  
… 
root [1] .ls 
TFile**  simple_counting.root  
 TFile*  simple_counting.root  
  KEY: RooWorkspace w;1 w 
  KEY: TProcessID ProcessID0;1 17771710-eb46-11ee-b4f6-660db9bcbeef 
root [2] w->Print()
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Inspecting the workspace
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)
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Inspecting the workspace
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

Workspace will contain s+b and b-only 
models
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Inspecting the workspace
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

Dataset contains one observation
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

Model parameters — *_In are initial values
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

All inputs and parameters
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

Inputs and parameters for s+b model
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generic objects 
--------------- 
RooStats::ModelConfig::ModelConfig 
RooStats::ModelConfig::ModelConfig_bonly 
RooArgSet::discreteParams 

datasets 
-------- 
RooDataSet::data_obs(n_obs_binbin1) 

named sets 
---------- 
ModelConfig_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_Observables:(n_obs_binbin1) 
ModelConfig_POI:(r) 
ModelConfig_bonly_GlobalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
ModelConfig_bonly_NuisParams:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
ModelConfig_bonly_Observables:(n_obs_binbin1) 
ModelConfig_bonly_POI:(r) 
POI:(r) 
globalObservables:(lumi_In,xs_ggH_In,WW_norm_In,xs_ggWW_In,bg_others_In) 
nuisances:(lumi,xs_ggH,WW_norm,xs_ggWW,bg_others) 
observables:(n_obs_binbin1) 

variables 
--------- 
(WW_norm,WW_norm_In,bg_others,bg_others_In,lumi,lumi_In,n_obs_binbin1,r,xs_ggH,xs_ggH_In,xs_ggWW,
xs_ggWW_In)

Inputs and parameters for b-only model
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

N_exp for each process
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

Total n_exp under s+b and b-only models
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

poisson part of likelihood for bin 1
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

poisson part of likelihood for all bins



S. Dittmer                                     CMS Topical Workshop on Off-shell Higgs Boson Production at LPC, 3/26/24

Inspecting the workspace

28

functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

constraint terms on lnN nuisances
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

constraint term on gamma nuisance
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Inspecting the workspace

30

functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

constraint term for all nuisances
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Inspecting the workspace
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functions 
-------- 
RooAddition::n_exp_binbin1[ n_exp_binbin1_proc_ggH + n_exp_binbin1_proc_qqWW + 
n_exp_binbin1_proc_ggWW + n_exp_binbin1_proc_others ] = 2.55 
RooAddition::n_exp_binbin1_bonly[ n_exp_binbin1_proc_qqWW + n_exp_binbin1_proc_ggWW + 
n_exp_binbin1_proc_others ] = 1.08 
ProcessNormalization::n_exp_binbin1_proc_ggH[ thetaList=(lumi,xs_ggH) asymmThetaList=() 
otherFactorList=(r) ] = 1.47 
ProcessNormalization::n_exp_binbin1_proc_ggWW[ thetaList=(lumi,xs_ggWW) asymmThetaList=() 
otherFactorList=() ] = 0.06 
ProcessNormalization::n_exp_binbin1_proc_others[ thetaList=(bg_others) asymmThetaList=() 
otherFactorList=() ] = 0.22 
ProcessNormalization::n_exp_binbin1_proc_qqWW[ thetaList=() asymmThetaList=() 
otherFactorList=(WW_norm) ] = 0.8 

p.d.f.s 
------- 
RooPoisson::WW_norm_Pdf[ x=WW_norm_In mean=WW_norm ] = 0.175467 
SimpleGaussianConstraint::bg_others_Pdf[ x=bg_others mean=bg_others_In sigma=1 ] = 1 
SimpleGaussianConstraint::lumi_Pdf[ x=lumi mean=lumi_In sigma=1 ] = 1 
RooProdPdf::modelObs_b[ pdf_binbin1_bonly ] = 0.339596 
RooProdPdf::modelObs_s[ pdf_binbin1 ] = 0.0780817 
RooProdPdf::model_b[ modelObs_b * nuisancePdf ] = 0.0595879 
RooProdPdf::model_s[ modelObs_s * nuisancePdf ] = 0.0137008 
RooProdPdf::nuisancePdf[ xs_ggH_Pdf * bg_others_Pdf * WW_norm_Pdf * lumi_Pdf * xs_ggWW_Pdf ] = 
0.175467 
RooPoisson::pdf_binbin1[ x=n_obs_binbin1 mean=n_exp_binbin1 ] = 0.0780817 
RooPoisson::pdf_binbin1_bonly[ x=n_obs_binbin1 mean=n_exp_binbin1_bonly ] = 0.339596 
SimpleGaussianConstraint::xs_ggH_Pdf[ x=xs_ggH mean=xs_ggH_In sigma=1 ] = 1 
SimpleGaussianConstraint::xs_ggWW_Pdf[ x=xs_ggWW mean=xs_ggWW_In sigma=1 ] = 1

full likelihood for s+b and b-only models
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Workspaces vs. datacards

• This is a very simple model, but workspace is already 
complicated! 

• Realistic analyses will have multiple bins, many 
nuisance parameters, more complicated physics 
models… 

• Benefit of datacards — simple / human-readable 
description of complicated likelihood 

• Could build workspace by hand if you wanted, but not 
necessary save in very particular scenarios

32
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Full combine likelihood

33
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Running fits

• What measurements could we do with this model? 

1. Best fit value of r

34

What do we expect?

combine -M MultiDimFit --algo singles simple_counting.root 
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Running fits

• What measurements could we do with this model? 

1. Best fit value of r

35

<<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is MultiDimFit 
Doing initial fit:  
Error in <ROOT::Math::Fitter::CalculateMinosErrors>: Minos error calculation 
failed for all the selected parameters 

 --- MultiDimFit --- 
best fit parameter values and profile-likelihood uncertainties:  
 Warning - No valid low-error found, will report difference to minimum of 
range for : r 
   r :    +0.000   -0.000/+0.335 (68%) 
Done in 0.00 min (cpu), 0.00 min (real) 

combine -M MultiDimFit --algo singles simple_counting.root 
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Running fits

• What measurements could we do with this model? 

1. Best fit value of r

36

<<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is MultiDimFit 
Doing initial fit:  
Error in <ROOT::Math::Fitter::CalculateMinosErrors>: Minos error calculation 
failed for all the selected parameters 

 --- MultiDimFit --- 
best fit parameter values and profile-likelihood uncertainties:  
 Warning - No valid low-error found, will report difference to minimum of 
range for : r 
   r :    +0.000   -0.000/+0.335 (68%) 
Done in 0.00 min (cpu), 0.00 min (real) 

These are Minos errors — fit is walking along r until it hits the 68% CI 
bound (from log profile likelihood ratio) 
Require r ≥ 0 due to physics constraints 

Best fit value of r is 0 —> cannot ‘walk’ lower without hitting wall

combine -M MultiDimFit --algo singles simple_counting.root 
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Running fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Limit on r

37

combine -M AsymptoticLimits simple_counting.root
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Running fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Limit on r

38

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is AsymptoticLimits 

 -- AsymptoticLimits ( CLs ) -- 
Observed Limit: r < 1.6281 
Expected  2.5%: r < 0.9640 
Expected 16.0%: r < 1.4329 
Expected 50.0%: r < 2.3281 
Expected 84.0%: r < 3.9800 
Expected 97.5%: r < 6.6194 

Done in 0.00 min (cpu), 0.00 min (real)

combine -M AsymptoticLimits simple_counting.root

95% CL

Expected limit is weaker
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Shape Analysis

• Realistic physics analyses are not cut-and-count — 
instead comparing shapes of some discriminant for 
signal and background 

• Two types of shape analyses in combine: 

• Binned (histograms) —> likelihood is product of 
likelihoods per bin, e.g. multibin counting experiment 

• Unbinned (parametric) —> likelihood is product of pdf 
likelihoods per bin times overall poisson yield term 
(extended likelihood)

39
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Binned Shape Analysis

40

imax    1 number of bins 
jmax    4 number of processes minus 1 
kmax    * number of nuisance parameters 
-------------------------------------------------------------------------------- 
shapes *         signal_region datacard_part3.shapes.root signal_region/$PROCESS signal_region/$PROCESS_$SYSTEMATIC 
shapes bbHtautau signal_region datacard_part3.shapes.root signal_region/bbHtautau$MASS signal_region/
bbHtautau$MASS_$SYSTEMATIC 
-------------------------------------------------------------------------------- 
bin          signal_region    
observation  3416.0           
-------------------------------------------------------------------------------- 
bin                                  signal_region   signal_region   signal_region   signal_region   signal_region    
process                              ttbar           diboson         Ztautau         jetFakes        bbHtautau        
process                              1               2               3               4               0                
rate                                 683.017         96.5185         742.649         2048.94         198.521          
-------------------------------------------------------------------------------- 
CMS_eff_b                    lnN     1.02            1.02            1.02            -               1.02             
CMS_eff_t                    lnN     1.12            1.12            1.12            -               1.12             
CMS_eff_t_highpt             shape   1               1               1               -               1                
CMS_scale_t_1prong0pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_1prong1pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_3prong0pi0_13TeV shape   1               1               1               -               1                
acceptance_bbH               lnN     -               -               -               -               1.05             
lumi_13TeV                   lnN     1.025           1.025           1.025           -               1.025            
norm_jetFakes                lnN     -               -               -               1.2             -                
top_pt_ttbar_shape           shape   1               -               -               -               -                
xsec_diboson                 lnN     -               1.05            -               -               -                
* autoMCStats 0 

Datacard: data/tutorials/longexercise/datacard_part3.txt
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Binned Shape Analysis

41

imax    1 number of bins 
jmax    4 number of processes minus 1 
kmax    * number of nuisance parameters 
-------------------------------------------------------------------------------- 
shapes *         signal_region datacard_part3.shapes.root signal_region/$PROCESS signal_region/$PROCESS_$SYSTEMATIC 
shapes bbHtautau signal_region datacard_part3.shapes.root signal_region/bbHtautau$MASS signal_region/
bbHtautau$MASS_$SYSTEMATIC 
-------------------------------------------------------------------------------- 
bin          signal_region    
observation  3416.0           
-------------------------------------------------------------------------------- 
bin                                  signal_region   signal_region   signal_region   signal_region   signal_region    
process                              ttbar           diboson         Ztautau         jetFakes        bbHtautau        
process                              1               2               3               4               0                
rate                                 683.017         96.5185         742.649         2048.94         198.521          
-------------------------------------------------------------------------------- 
CMS_eff_b                    lnN     1.02            1.02            1.02            -               1.02             
CMS_eff_t                    lnN     1.12            1.12            1.12            -               1.12             
CMS_eff_t_highpt             shape   1               1               1               -               1                
CMS_scale_t_1prong0pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_1prong1pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_3prong0pi0_13TeV shape   1               1               1               -               1                
acceptance_bbH               lnN     -               -               -               -               1.05             
lumi_13TeV                   lnN     1.025           1.025           1.025           -               1.025            
norm_jetFakes                lnN     -               -               -               1.2             -                
top_pt_ttbar_shape           shape   1               -               -               -               -                
xsec_diboson                 lnN     -               1.05            -               -               -                
* autoMCStats 0 

Tells combine 1) root file containing shape histograms and 
2) names of histograms for specific processes
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Binned Shape Analysis

42

imax    1 number of bins 
jmax    4 number of processes minus 1 
kmax    * number of nuisance parameters 
-------------------------------------------------------------------------------- 
shapes *         signal_region datacard_part3.shapes.root signal_region/$PROCESS signal_region/$PROCESS_$SYSTEMATIC 
shapes bbHtautau signal_region datacard_part3.shapes.root signal_region/bbHtautau$MASS signal_region/
bbHtautau$MASS_$SYSTEMATIC 
-------------------------------------------------------------------------------- 
bin          signal_region    
observation  3416.0           
-------------------------------------------------------------------------------- 
bin                                  signal_region   signal_region   signal_region   signal_region   signal_region    
process                              ttbar           diboson         Ztautau         jetFakes        bbHtautau        
process                              1               2               3               4               0                
rate                                 683.017         96.5185         742.649         2048.94         198.521          
-------------------------------------------------------------------------------- 
CMS_eff_b                    lnN     1.02            1.02            1.02            -               1.02             
CMS_eff_t                    lnN     1.12            1.12            1.12            -               1.12             
CMS_eff_t_highpt             shape   1               1               1               -               1                
CMS_scale_t_1prong0pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_1prong1pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_3prong0pi0_13TeV shape   1               1               1               -               1                
acceptance_bbH               lnN     -               -               -               -               1.05             
lumi_13TeV                   lnN     1.025           1.025           1.025           -               1.025            
norm_jetFakes                lnN     -               -               -               1.2             -                
top_pt_ttbar_shape           shape   1               -               -               -               -                
xsec_diboson                 lnN     -               1.05            -               -               -                
* autoMCStats 0 

Variables $PROCESS and $SYSTEMATIC match process name and 
systematic name in data card 

Later commands override previous — we first define a naming pattern 
for all histograms, then override for bbHtautau
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Binned Shape Analysis

43

imax    1 number of bins 
jmax    4 number of processes minus 1 
kmax    * number of nuisance parameters 
-------------------------------------------------------------------------------- 
shapes *         signal_region datacard_part3.shapes.root signal_region/$PROCESS signal_region/$PROCESS_$SYSTEMATIC 
shapes bbHtautau signal_region datacard_part3.shapes.root signal_region/bbHtautau$MASS signal_region/
bbHtautau$MASS_$SYSTEMATIC 
-------------------------------------------------------------------------------- 
bin          signal_region    
observation  3416.0           
-------------------------------------------------------------------------------- 
bin                                  signal_region   signal_region   signal_region   signal_region   signal_region    
process                              ttbar           diboson         Ztautau         jetFakes        bbHtautau        
process                              1               2               3               4               0                
rate                                 683.017         96.5185         742.649         2048.94         198.521          
-------------------------------------------------------------------------------- 
CMS_eff_b                    lnN     1.02            1.02            1.02            -               1.02             
CMS_eff_t                    lnN     1.12            1.12            1.12            -               1.12             
CMS_eff_t_highpt             shape   1               1               1               -               1                
CMS_scale_t_1prong0pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_1prong1pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_3prong0pi0_13TeV shape   1               1               1               -               1                
acceptance_bbH               lnN     -               -               -               -               1.05             
lumi_13TeV                   lnN     1.025           1.025           1.025           -               1.025            
norm_jetFakes                lnN     -               -               -               1.2             -                
top_pt_ttbar_shape           shape   1               -               -               -               -                
xsec_diboson                 lnN     -               1.05            -               -               -                
* autoMCStats 0 

1 —> up and down shapes are ±1 sigma variations
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Binned Shape Analysis

44

Tells combine how to handle MC stat. unc. — full description here  
Syntax: 
In this case: assign single nuisance parameter per bin, corresponding to total 
MC stat. unc. of all bkg processes

[channel] autoMCStats [threshold] [include-signal = 0] [hist-mode = 1]

imax    1 number of bins 
jmax    4 number of processes minus 1 
kmax    * number of nuisance parameters 
-------------------------------------------------------------------------------- 
shapes *         signal_region datacard_part3.shapes.root signal_region/$PROCESS signal_region/$PROCESS_$SYSTEMATIC 
shapes bbHtautau signal_region datacard_part3.shapes.root signal_region/bbHtautau$MASS signal_region/
bbHtautau$MASS_$SYSTEMATIC 
-------------------------------------------------------------------------------- 
bin          signal_region    
observation  3416.0           
-------------------------------------------------------------------------------- 
bin                                  signal_region   signal_region   signal_region   signal_region   signal_region    
process                              ttbar           diboson         Ztautau         jetFakes        bbHtautau        
process                              1               2               3               4               0                
rate                                 683.017         96.5185         742.649         2048.94         198.521          
-------------------------------------------------------------------------------- 
CMS_eff_b                    lnN     1.02            1.02            1.02            -               1.02             
CMS_eff_t                    lnN     1.12            1.12            1.12            -               1.12             
CMS_eff_t_highpt             shape   1               1               1               -               1                
CMS_scale_t_1prong0pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_1prong1pi0_13TeV shape   1               1               1               -               1                
CMS_scale_t_3prong0pi0_13TeV shape   1               1               1               -               1                
acceptance_bbH               lnN     -               -               -               -               1.05             
lumi_13TeV                   lnN     1.025           1.025           1.025           -               1.025            
norm_jetFakes                lnN     -               -               -               1.2             -                
top_pt_ttbar_shape           shape   1               -               -               -               -                
xsec_diboson                 lnN     -               1.05            -               -               -                
* autoMCStats 0 

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part2/bin-wise-stats/#description-of-the-algorithm
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Binned Shape Analysis: Workspace

45

text2workspace.py data/tutorials/longexercise/datacard_part3.txt \ 
                  -o simple_shape.root \ 
                  --mass 200
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r

46

combine -M MultiDimFit --algo singles simple_shape.root 
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r

47

combine -M MultiDimFit --algo singles simple_shape.root 

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is MultiDimFit 
Doing initial fit:  

 --- MultiDimFit --- 
best fit parameter values and profile-likelihood uncertainties:  
   r :    +0.480   -0.431/+0.448 (68%) 
Done in 0.00 min (cpu), 0.00 min (real)
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Significance

48

combine -M Significance simple_shape.root 
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Significance

49

combine -M Significance simple_shape.root 

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is Significance 

 -- Significance --  
Significance: 1.11272 
Done in 0.00 min (cpu), 0.00 min (real) 
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Significance 

3. Best fit values of nuisance parameters

50

combine -M FitDiagnostics simple_shape.root 
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Binned Shape Analysis: Running Fits

• What measurements could we do with this model? 

1. Best fit value of r 

2. Significance 

3. Best fit values of nuisance parameters

51

combine -M FitDiagnostics simple_shape.root 

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is FitDiagnostics 

 --- FitDiagnostics --- 
Best fit r: 0.479467  -0.431232/+0.448341  (68% CL) 
Done in 0.00 min (cpu), 0.00 min (real) 
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Inspecting FitDiagnostics output

52

root -l fitDiagnosticsTest.root  
… 
root [1] .ls 
TFile**  fitDiagnosticsTest.root  
 TFile*  fitDiagnosticsTest.root  
  KEY: RooFitResult nuisances_prefit_res;1  
  KEY: TProcessID ProcessID0;1 9d2bbadc-eb64-11ee-9108-660db9bcbeef 
  KEY: RooArgSet nuisances_prefit;1 Set of RooAbsArg objects 
  KEY: RooFitResult fit_b;1  
  KEY: RooFitResult fit_s;1  
  KEY: TTree tree_fit_sb;1 tree_fit_sb 
  KEY: TTree tree_fit_b;1 tree_fit_b 
  KEY: TTree tree_prefit;1 tree_prefit 
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Inspecting FitDiagnostics output

53

root -l fitDiagnosticsTest.root  
… 
root [1] .ls 
TFile**  fitDiagnosticsTest.root  
 TFile*  fitDiagnosticsTest.root  
  KEY: RooFitResult nuisances_prefit_res;1  
  KEY: TProcessID ProcessID0;1 9d2bbadc-eb64-11ee-9108-660db9bcbeef 
  KEY: RooArgSet nuisances_prefit;1 Set of RooAbsArg objects 
  KEY: RooFitResult fit_b;1  
  KEY: RooFitResult fit_s;1  
  KEY: TTree tree_fit_sb;1 tree_fit_sb 
  KEY: TTree tree_fit_b;1 tree_fit_b 
  KEY: TTree tree_prefit;1 tree_prefit 

s+b and b-only fit results
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Inspecting FitDiagnostics output

54

root -l fitDiagnosticsTest.root  
… 
root [1] .ls 
TFile**  fitDiagnosticsTest.root  
 TFile*  fitDiagnosticsTest.root  
  KEY: RooFitResult nuisances_prefit_res;1  
  KEY: TProcessID ProcessID0;1 9d2bbadc-eb64-11ee-9108-660db9bcbeef 
  KEY: RooArgSet nuisances_prefit;1 Set of RooAbsArg objects 
  KEY: RooFitResult fit_b;1  
  KEY: RooFitResult fit_s;1  
  KEY: TTree tree_fit_sb;1 tree_fit_sb 
  KEY: TTree tree_fit_b;1 tree_fit_b 
  KEY: TTree tree_prefit;1 tree_prefit 

Prefit, s+b fit, and b-only fit values of nuisance parameters
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Inspecting FitDiagnostics output

55

root [2] fit_s->Print() 

  RooFitResult: minimized FCN value: -2.19244e-06, estimated distance to minimum: 3.12019e-06 
                covariance matrix quality: Full, accurate covariance matrix 
                Status : MINIMIZE=0 HESSE=0  

    Floating Parameter    FinalValue +/-  Error    
  --------------------  -------------------------- 
             CMS_eff_b   -5.0091e-02 +/-  9.93e-01 
             CMS_eff_t   -2.8360e-01 +/-  7.09e-01 
      CMS_eff_t_highpt   -5.5729e-01 +/-  9.41e-01 
  CMS_scale_t_1prong0pi0_13TeV   -1.3804e-01 +/-  6.36e-01 
  CMS_scale_t_1prong1pi0_13TeV   -1.1440e-01 +/-  5.31e-01 
  CMS_scale_t_3prong0pi0_13TeV   -2.4910e-01 +/-  6.81e-01 
        acceptance_bbH   -4.1198e-04 +/-  1.00e+00 
            lumi_13TeV   -6.1256e-02 +/-  9.88e-01 
         norm_jetFakes   -3.3203e-01 +/-  3.45e-01 
  prop_binsignal_region_bin0   -4.7165e-01 +/-  8.19e-01 
  prop_binsignal_region_bin1   -6.4677e-03 +/-  8.34e-01 
  prop_binsignal_region_bin10    5.6409e-01 +/-  8.89e-01 
  prop_binsignal_region_bin11   -9.4163e-01 +/-  8.98e-01 
  prop_binsignal_region_bin12    3.1562e-05 +/-  8.70e-01 
  prop_binsignal_region_bin13    4.1191e-01 +/-  8.45e-01 
  prop_binsignal_region_bin14    1.8375e-01 +/-  8.07e-01 
  prop_binsignal_region_bin15   -2.6847e-01 +/-  9.23e-01 
  prop_binsignal_region_bin16   -6.2880e-01 +/-  1.00e+00 
  prop_binsignal_region_bin17   -8.3528e-01 +/-  1.00e+00 
  prop_binsignal_region_bin2   -1.0385e+00 +/-  8.55e-01 
  prop_binsignal_region_bin3    1.2987e+00 +/-  8.48e-01 
  prop_binsignal_region_bin4   -5.7833e-01 +/-  8.76e-01 
  prop_binsignal_region_bin5   -7.3025e-02 +/-  9.01e-01 
  prop_binsignal_region_bin6    3.8000e-01 +/-  8.93e-01 
  prop_binsignal_region_bin7   -2.7112e-02 +/-  8.78e-01 
  prop_binsignal_region_bin8   -2.9982e-01 +/-  9.27e-01 
  prop_binsignal_region_bin9   -1.5786e-01 +/-  8.87e-01 
                     r    4.7947e-01 +/-  4.35e-01 
    top_pt_ttbar_shape    4.2553e-01 +/-  7.33e-01 
          xsec_diboson   -1.2748e-02 +/-  9.99e-01 
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root [2] fit_s->Print() 

  RooFitResult: minimized FCN value: -2.19244e-06, estimated distance to minimum: 3.12019e-06 
                covariance matrix quality: Full, accurate covariance matrix 
                Status : MINIMIZE=0 HESSE=0  

    Floating Parameter    FinalValue +/-  Error    
  --------------------  -------------------------- 
             CMS_eff_b   -5.0091e-02 +/-  9.93e-01 
             CMS_eff_t   -2.8360e-01 +/-  7.09e-01 
      CMS_eff_t_highpt   -5.5729e-01 +/-  9.41e-01 
  CMS_scale_t_1prong0pi0_13TeV   -1.3804e-01 +/-  6.36e-01 
  CMS_scale_t_1prong1pi0_13TeV   -1.1440e-01 +/-  5.31e-01 
  CMS_scale_t_3prong0pi0_13TeV   -2.4910e-01 +/-  6.81e-01 
        acceptance_bbH   -4.1198e-04 +/-  1.00e+00 
            lumi_13TeV   -6.1256e-02 +/-  9.88e-01 
         norm_jetFakes   -3.3203e-01 +/-  3.45e-01 
  prop_binsignal_region_bin0   -4.7165e-01 +/-  8.19e-01 
  prop_binsignal_region_bin1   -6.4677e-03 +/-  8.34e-01 
  prop_binsignal_region_bin10    5.6409e-01 +/-  8.89e-01 
  prop_binsignal_region_bin11   -9.4163e-01 +/-  8.98e-01 
  prop_binsignal_region_bin12    3.1562e-05 +/-  8.70e-01 
  prop_binsignal_region_bin13    4.1191e-01 +/-  8.45e-01 
  prop_binsignal_region_bin14    1.8375e-01 +/-  8.07e-01 
  prop_binsignal_region_bin15   -2.6847e-01 +/-  9.23e-01 
  prop_binsignal_region_bin16   -6.2880e-01 +/-  1.00e+00 
  prop_binsignal_region_bin17   -8.3528e-01 +/-  1.00e+00 
  prop_binsignal_region_bin2   -1.0385e+00 +/-  8.55e-01 
  prop_binsignal_region_bin3    1.2987e+00 +/-  8.48e-01 
  prop_binsignal_region_bin4   -5.7833e-01 +/-  8.76e-01 
  prop_binsignal_region_bin5   -7.3025e-02 +/-  9.01e-01 
  prop_binsignal_region_bin6    3.8000e-01 +/-  8.93e-01 
  prop_binsignal_region_bin7   -2.7112e-02 +/-  8.78e-01 
  prop_binsignal_region_bin8   -2.9982e-01 +/-  9.27e-01 
  prop_binsignal_region_bin9   -1.5786e-01 +/-  8.87e-01 
                     r    4.7947e-01 +/-  4.35e-01 
    top_pt_ttbar_shape    4.2553e-01 +/-  7.33e-01 
          xsec_diboson   -1.2748e-02 +/-  9.99e-01 

Fit converged and covariance matrix 
(e.g. nuisance parameter uncertainties) 

is valid
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root [2] fit_s->Print() 

  RooFitResult: minimized FCN value: -2.19244e-06, estimated distance to minimum: 3.12019e-06 
                covariance matrix quality: Full, accurate covariance matrix 
                Status : MINIMIZE=0 HESSE=0  

    Floating Parameter    FinalValue +/-  Error    
  --------------------  -------------------------- 
             CMS_eff_b   -5.0091e-02 +/-  9.93e-01 
             CMS_eff_t   -2.8360e-01 +/-  7.09e-01 
      CMS_eff_t_highpt   -5.5729e-01 +/-  9.41e-01 
  CMS_scale_t_1prong0pi0_13TeV   -1.3804e-01 +/-  6.36e-01 
  CMS_scale_t_1prong1pi0_13TeV   -1.1440e-01 +/-  5.31e-01 
  CMS_scale_t_3prong0pi0_13TeV   -2.4910e-01 +/-  6.81e-01 
        acceptance_bbH   -4.1198e-04 +/-  1.00e+00 
            lumi_13TeV   -6.1256e-02 +/-  9.88e-01 
         norm_jetFakes   -3.3203e-01 +/-  3.45e-01 
  prop_binsignal_region_bin0   -4.7165e-01 +/-  8.19e-01 
  prop_binsignal_region_bin1   -6.4677e-03 +/-  8.34e-01 
  prop_binsignal_region_bin10    5.6409e-01 +/-  8.89e-01 
  prop_binsignal_region_bin11   -9.4163e-01 +/-  8.98e-01 
  prop_binsignal_region_bin12    3.1562e-05 +/-  8.70e-01 
  prop_binsignal_region_bin13    4.1191e-01 +/-  8.45e-01 
  prop_binsignal_region_bin14    1.8375e-01 +/-  8.07e-01 
  prop_binsignal_region_bin15   -2.6847e-01 +/-  9.23e-01 
  prop_binsignal_region_bin16   -6.2880e-01 +/-  1.00e+00 
  prop_binsignal_region_bin17   -8.3528e-01 +/-  1.00e+00 
  prop_binsignal_region_bin2   -1.0385e+00 +/-  8.55e-01 
  prop_binsignal_region_bin3    1.2987e+00 +/-  8.48e-01 
  prop_binsignal_region_bin4   -5.7833e-01 +/-  8.76e-01 
  prop_binsignal_region_bin5   -7.3025e-02 +/-  9.01e-01 
  prop_binsignal_region_bin6    3.8000e-01 +/-  8.93e-01 
  prop_binsignal_region_bin7   -2.7112e-02 +/-  8.78e-01 
  prop_binsignal_region_bin8   -2.9982e-01 +/-  9.27e-01 
  prop_binsignal_region_bin9   -1.5786e-01 +/-  8.87e-01 
                     r    4.7947e-01 +/-  4.35e-01 
    top_pt_ttbar_shape    4.2553e-01 +/-  7.33e-01 
          xsec_diboson   -1.2748e-02 +/-  9.99e-01 

Postfit values for MC stat uncertainties (per-
bin nuisance generated by autoMCStat) 

Prefit values are 0 ± 1 
Shift in central value —> pull 

Uncertainty smaller than 1 —> constraint
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root [2] fit_s->Print() 

  RooFitResult: minimized FCN value: -2.19244e-06, estimated distance to minimum: 3.12019e-06 
                covariance matrix quality: Full, accurate covariance matrix 
                Status : MINIMIZE=0 HESSE=0  

    Floating Parameter    FinalValue +/-  Error    
  --------------------  -------------------------- 
             CMS_eff_b   -5.0091e-02 +/-  9.93e-01 
             CMS_eff_t   -2.8360e-01 +/-  7.09e-01 
      CMS_eff_t_highpt   -5.5729e-01 +/-  9.41e-01 
  CMS_scale_t_1prong0pi0_13TeV   -1.3804e-01 +/-  6.36e-01 
  CMS_scale_t_1prong1pi0_13TeV   -1.1440e-01 +/-  5.31e-01 
  CMS_scale_t_3prong0pi0_13TeV   -2.4910e-01 +/-  6.81e-01 
        acceptance_bbH   -4.1198e-04 +/-  1.00e+00 
            lumi_13TeV   -6.1256e-02 +/-  9.88e-01 
         norm_jetFakes   -3.3203e-01 +/-  3.45e-01 
  prop_binsignal_region_bin0   -4.7165e-01 +/-  8.19e-01 
  prop_binsignal_region_bin1   -6.4677e-03 +/-  8.34e-01 
  prop_binsignal_region_bin10    5.6409e-01 +/-  8.89e-01 
  prop_binsignal_region_bin11   -9.4163e-01 +/-  8.98e-01 
  prop_binsignal_region_bin12    3.1562e-05 +/-  8.70e-01 
  prop_binsignal_region_bin13    4.1191e-01 +/-  8.45e-01 
  prop_binsignal_region_bin14    1.8375e-01 +/-  8.07e-01 
  prop_binsignal_region_bin15   -2.6847e-01 +/-  9.23e-01 
  prop_binsignal_region_bin16   -6.2880e-01 +/-  1.00e+00 
  prop_binsignal_region_bin17   -8.3528e-01 +/-  1.00e+00 
  prop_binsignal_region_bin2   -1.0385e+00 +/-  8.55e-01 
  prop_binsignal_region_bin3    1.2987e+00 +/-  8.48e-01 
  prop_binsignal_region_bin4   -5.7833e-01 +/-  8.76e-01 
  prop_binsignal_region_bin5   -7.3025e-02 +/-  9.01e-01 
  prop_binsignal_region_bin6    3.8000e-01 +/-  8.93e-01 
  prop_binsignal_region_bin7   -2.7112e-02 +/-  8.78e-01 
  prop_binsignal_region_bin8   -2.9982e-01 +/-  9.27e-01 
  prop_binsignal_region_bin9   -1.5786e-01 +/-  8.87e-01 
                     r    4.7947e-01 +/-  4.35e-01 
    top_pt_ttbar_shape    4.2553e-01 +/-  7.33e-01 
          xsec_diboson   -1.2748e-02 +/-  9.99e-01 

Postfit values for log-normal and shape 
nuisances 

Prefit values are 0 ± 1 
Shift in central value —> pull 

Uncertainty smaller than 1 —> constraint
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Physics Models

• By default, combine assumes you have one POI (signal strength r) which 
uniformly scales all signals (processes with ID ≤ 0 in data card) 

• However, we often want to do something more complicated 

• Multiple signals with different signal strengths 

• Mass, width, etc. of resonance as POI 

• Interference 

• etc… 

• Solution: physics models 

• combine maintains a selection of commonly used physics models 

• See documentation and links here 

• Can also build your own

59

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part2/physicsmodels/#model-building
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Physics Models

• By default, combine assumes you have one POI (signal strength r) which 
uniformly scales all signals (processes with ID ≤ 0 in data card) 

• However, we often want to do something more complicated 

• Multiple signals with different signal strengths 

• Mass, width, etc. of resonance as POI 

• Interference 

• etc… 

• Solution: physics models 

• combine maintains a selection of commonly used physics models 

• See documentation and links here 

• Can also build your own

60

Let’s test out this one

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/part2/physicsmodels/#model-building
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Physics Models: Datacard
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Combination of htt_tt_0_8TeV=htt_tt_0_8TeV.txt  htt_tt_1_8TeV=htt_tt_1_8TeV.txt  htt_tt_2_8TeV=htt_tt_2_8TeV.txt 
imax 3 number of bins 
jmax 10 number of processes minus 1 
kmax 66 number of nuisance parameters 
---------------------------------------------------------------------------------------------------------------------------------
- 
shapes *              htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/$PROCESS htt_tt_0_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/WH$MASS htt_tt_0_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ZH$MASS htt_tt_0_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ggH$MASS htt_tt_0_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/qqH$MASS htt_tt_0_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/$PROCESS htt_tt_1_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/WH$MASS htt_tt_1_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ZH$MASS htt_tt_1_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ggH$MASS htt_tt_1_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/qqH$MASS htt_tt_1_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/$PROCESS htt_tt_2_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/WH$MASS htt_tt_2_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ZH$MASS htt_tt_2_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ggH$MASS htt_tt_2_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/qqH$MASS htt_tt_2_8TeV/qqH$MASS_$SYSTEMATIC 
---------------------------------------------------------------------------------------------------------------------------------
- 
bin          htt_tt_0_8TeV  htt_tt_1_8TeV  htt_tt_2_8TeV 
observation  1120.0         366.0          34.0          
---------------------------------------------------------------------------------------------------------------------------------
- 
bin                                                                          htt_tt_0_8TeV  htt_tt_0_8TeV  htt_tt_0_8TeV  … 
process                                                                      ZH             qqH            WH             … 
process                                                                      -3             -2             -1             … 
rate                                                                         0.6295         1.9520         0.2948         … 
---------------------------------------------------------------------------------------------------------------------------------
- 
CMS_eff_b_8TeV          lnN                                                  -              -              -              …            
CMS_eff_t_tt_8TeV       lnN                                                  1.19           1.19           1.19           … 
…
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Physics Models: Datacard
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Combination of htt_tt_0_8TeV=htt_tt_0_8TeV.txt  htt_tt_1_8TeV=htt_tt_1_8TeV.txt  htt_tt_2_8TeV=htt_tt_2_8TeV.txt 
imax 3 number of bins 
jmax 10 number of processes minus 1 
kmax 66 number of nuisance parameters 
---------------------------------------------------------------------------------------------------------------------------------
- 
shapes *              htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/$PROCESS htt_tt_0_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/WH$MASS htt_tt_0_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ZH$MASS htt_tt_0_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ggH$MASS htt_tt_0_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/qqH$MASS htt_tt_0_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/$PROCESS htt_tt_1_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/WH$MASS htt_tt_1_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ZH$MASS htt_tt_1_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ggH$MASS htt_tt_1_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/qqH$MASS htt_tt_1_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/$PROCESS htt_tt_2_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/WH$MASS htt_tt_2_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ZH$MASS htt_tt_2_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ggH$MASS htt_tt_2_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/qqH$MASS htt_tt_2_8TeV/qqH$MASS_$SYSTEMATIC 
---------------------------------------------------------------------------------------------------------------------------------
- 
bin          htt_tt_0_8TeV  htt_tt_1_8TeV  htt_tt_2_8TeV 
observation  1120.0         366.0          34.0          
---------------------------------------------------------------------------------------------------------------------------------
- 
bin                                                                          htt_tt_0_8TeV  htt_tt_0_8TeV  htt_tt_0_8TeV  … 
process                                                                      ZH             qqH            WH             … 
process                                                                      -3             -2             -1             … 
rate                                                                         0.6295         1.9520         0.2948         … 
---------------------------------------------------------------------------------------------------------------------------------
- 
CMS_eff_b_8TeV          lnN                                                  -              -              -              …            
CMS_eff_t_tt_8TeV       lnN                                                  1.19           1.19           1.19           … 
…

Multiple bins
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Physics Models: Datacard
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Combination of htt_tt_0_8TeV=htt_tt_0_8TeV.txt  htt_tt_1_8TeV=htt_tt_1_8TeV.txt  htt_tt_2_8TeV=htt_tt_2_8TeV.txt 
imax 3 number of bins 
jmax 10 number of processes minus 1 
kmax 66 number of nuisance parameters 
---------------------------------------------------------------------------------------------------------------------------------
- 
shapes *              htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/$PROCESS htt_tt_0_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/WH$MASS htt_tt_0_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ZH$MASS htt_tt_0_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/ggH$MASS htt_tt_0_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_0_8TeV  ../common/htt_tt.input.root htt_tt_0_8TeV/qqH$MASS htt_tt_0_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/$PROCESS htt_tt_1_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/WH$MASS htt_tt_1_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ZH$MASS htt_tt_1_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/ggH$MASS htt_tt_1_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_1_8TeV  ../common/htt_tt.input.root htt_tt_1_8TeV/qqH$MASS htt_tt_1_8TeV/qqH$MASS_$SYSTEMATIC 
shapes *              htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/$PROCESS htt_tt_2_8TeV/$PROCESS_$SYSTEMATIC 
shapes WH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/WH$MASS htt_tt_2_8TeV/WH$MASS_$SYSTEMATIC 
shapes ZH             htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ZH$MASS htt_tt_2_8TeV/ZH$MASS_$SYSTEMATIC 
shapes ggH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/ggH$MASS htt_tt_2_8TeV/ggH$MASS_$SYSTEMATIC 
shapes qqH            htt_tt_2_8TeV  ../common/htt_tt.input.root htt_tt_2_8TeV/qqH$MASS htt_tt_2_8TeV/qqH$MASS_$SYSTEMATIC 
---------------------------------------------------------------------------------------------------------------------------------
- 
bin          htt_tt_0_8TeV  htt_tt_1_8TeV  htt_tt_2_8TeV 
observation  1120.0         366.0          34.0          
---------------------------------------------------------------------------------------------------------------------------------
- 
bin                                                                          htt_tt_0_8TeV  htt_tt_0_8TeV  htt_tt_0_8TeV  … 
process                                                                      ZH             qqH            WH             … 
process                                                                      -3             -2             -1             … 
rate                                                                         0.6295         1.9520         0.2948         … 
---------------------------------------------------------------------------------------------------------------------------------
- 
CMS_eff_b_8TeV          lnN                                                  -              -              -              …            
CMS_eff_t_tt_8TeV       lnN                                                  1.19           1.19           1.19           … 
…

Multiple signals
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Physics Models: Making Workspace
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cd data/tutorials/htt/125 
text2workspace.py -P HiggsAnalysis.CombinedLimit.PhysicsModel:multiSignalModel \ 
                  --PO 'map=.*/ggH:r_ggH[1, -10, 10]' \ 
                  --PO 'map=.*/qqH:r_qqH[1, -10, 10]' \ 
                  --PO 'map=.*/WH:r_WH[1, -10, 10]' \ 
                  --PO 'map=.*/ZH:r_ZH[1, -10, 10]' \ 
                  --mass 125 \ 
                  htt_tt.txt -o ../../../../htt_tt.root 
cd ../../../../

-P loads physics model 
--P0 arguments map individual signal strengths to individual 
processes

Check the printout … are the signal strengths assigned correctly?
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Expected Fit Results

• Until now, we have done statistical tests against real data 
observation 

• However, we usually want to know how we expect a analysis to 
perform before we look at data 

• Blinding: develop analysis while agnostic to data, so as not to bias results 

• To do this, can compute expected signal strength, significance, etc. 

• Use Asimov toy dataset  

• ‘Representative dataset’ — single toy giving median expectation 

• Central values of observation will exactly match model

65
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Expected Signal Strength

66

combine -M MultiDimFit --algo singles htt_tt.root \ 
        -t -1 \ 
        --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1 \ 
        --mass 125

-t -1 : do a fit to the Asimov toy 
--setParameters : use these parameter values when 
generating the toy

What do you expect?
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Expected Signal Strength

67

combine -M MultiDimFit --algo singles htt_tt.root \ 
        -t -1 \ 
        --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1 \ 
        --mass 125

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is MultiDimFit 
ModelConfig 'ModelConfig' defines more than one parameter of interest. This is not supported in some 
statistical methods. 
Set Default Value of Parameter r_ggH To : 1 
Set Default Value of Parameter r_qqH To : 1 
Set Default Value of Parameter r_WH To : 1 
Set Default Value of Parameter r_ZH To : 1 
Doing initial fit:  

 --- MultiDimFit --- 
best fit parameter values and profile-likelihood uncertainties:  
   r_ggH :    +1.000   -3.126/+3.730 (68%) 
   r_qqH :    +1.000   -1.521/+1.797 (68%) 
    r_WH :    +1.000   -11.000/+9.000 (68%) 
    r_ZH :    +1.000   -11.000/+9.000 (68%) 
Done in 0.00 min (cpu), 0.01 min (real) 
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Expected Significance

68

combine -M Significance htt_tt.root --mass 125 \ 
        -t -1 --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1

What significance did you compute?

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is Significance 
ModelConfig 'ModelConfig' defines more than one parameter of interest. This is not supported in some 
statistical methods. 
Set Default Value of Parameter r_ggH To : 1 
Set Default Value of Parameter r_qqH To : 1 
Set Default Value of Parameter r_WH To : 1 
Set Default Value of Parameter r_ZH To : 1 

 -- Significance --  
Significance: 0.194094 
Done in 0.00 min (cpu), 0.00 min (real) 
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Expected Significance

69

combine -M Significance htt_tt.root --mass 125 \ 
        -t -1 --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1 --redefineSignalPOIs r_ggH

What significance do you get for other POIs?

 <<< Combine >>>  
 <<< v9.2.0 >>> 
>>> Random number generator seed is 123456 
>>> Method used is Significance 
ModelConfig 'ModelConfig' defines more than one parameter of interest. This is not supported in some 
statistical methods. 
Set Default Value of Parameter r_ggH To : 1 
Set Default Value of Parameter r_qqH To : 1 
Set Default Value of Parameter r_WH To : 1 
Set Default Value of Parameter r_ZH To : 1 

 -- Significance --  
Significance: 0.194094 
Done in 0.00 min (cpu), 0.00 min (real) 
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Expected Nuisance Parameter Uncertainties

70

combine -M FitDiagnostics htt_tt.root --mass 125 -n htt \ 
        -t -1 --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1

This produces a file name fitDiagnosticshtt.root 
Open and inspect the fit_s result — are the nuisance parameters as you expect?
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Expected Nuisance Parameter Uncertainties

71

combine -M FitDiagnostics htt_tt.root --mass 125 -n htt \ 
        -t -1 --setParameters r_ggH=1,r_qqH=1,r_WH=1,r_ZH=1

This produces a file name fitDiagnosticshtt.root 
Open and inspect the fit_s result — are the nuisance parameters as you expect?

  RooFitResult: minimized FCN value: 0, estimated distance to minimum: 7.07224e-12 
                covariance matrix quality: Full, accurate covariance matrix 
                Status : MINIMIZE=0 HESSE=0  

    Floating Parameter    FinalValue +/-  Error    
  --------------------  -------------------------- 
        CMS_eff_b_8TeV    0.0000e+00 +/-  9.98e-01 
     CMS_eff_t_tt_8TeV    0.0000e+00 +/-  3.37e-01 
       CMS_fake_b_8TeV    0.0000e+00 +/-  9.98e-01 
  CMS_htt_DiBosonNorm_8TeV                               0.0000e+00 +/-  9.99e-01 
  CMS_htt_DiBosonNorm_tauTau_1jet_high_highhiggs_8TeV    0.0000e+00 +/-  9.98e-01 
  CMS_htt_DiBosonNorm_tauTau_1jet_high_mediumhiggs_8TeV  0.0000e+00 +/-  9.99e-01 
  CMS_htt_DiBosonNorm_tauTau_vbf_8TeV                    0.0000e+00 +/-  1.00e+00 
  CMS_htt_QCDSyst_tauTau_1jet_high_highhiggs_8TeV        0.0000e+00 +/-  8.54e-01 
  CMS_htt_QCDSyst_tauTau_1jet_high_mediumhiggs_8TeV      0.0000e+00 +/-  2.33e-01 
  CMS_htt_QCDSyst_tauTau_vbf_8TeV                        0.0000e+00 +/-  8.32e-01 
  CMS_htt_WNorm_tauTau_1jet_high_highhiggs_8TeV          0.0000e+00 +/-  9.77e-01 
  CMS_htt_WNorm_tauTau_1jet_high_mediumhiggs_8TeV        0.0000e+00 +/-  9.68e-01 
  CMS_htt_WNorm_tauTau_vbf_8TeV                          0.0000e+00 +/-  9.98e-01


