
DRAFT LOGO…  Very important 

that we have one :p …..
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The F.A.S.T. approach
Using modern tools for HEP analyses

What we’ve built, some 
examples, and lessons learnt
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● Founded in May 2017
● A group of HEP scientists / researchers

● All primarily working on CMS so far
● All primarily working in UK institutions

● Regular hack-days for prototyping, experimenting
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fast [făst, fahst]

adjective, fast·er, fast·est.

1. moving or able to move, operate, function, or take effect quickly; quick; swift; rapid: a fast 
horse; a fast pain reliever; a fast thinker.

2. done in comparatively little time; taking a comparatively short time: a fast race; fast work.
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● Searching for SUSY in 
tails of distributions
● eg. missing transverse 

energy

● The analysis is 
technically demanding:
● A complex event selection
● Signal region: 253 bins 

over 4 variables 
● 19 sources of systematic 

error considered
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JHEP 1805 (2018) 025
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https://doi.org/10.1007/JHEP05(2018)025
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● The code has evolved organically
● Many heterogeneous internal formats
● Complicated data-reduction sequence over many packages

● Very steep learning curve
● Ad-hoc documentation
● High “bus factor”: only one person knows how to run each step

● Difficult to extend or adapt
● Few weeks to process all datasets start to finish

● Improved by CMS new central NanoAOD format
5
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● No skimmed tree stage
● Single, internal data format
● Use Pandas as a generalisation of multi-dimensional histograms:

● Feature-rich toolkit to manipulate, combine, and visualise
● Could largely be run in Python notebooks
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● A python package for 
handling tabular data
● A Pandas dataframe == a 

programmatic table

● Feature rich:
● Input / output in many formats 

(csv, hdf, excel, etc)
● Table manipulations
● Plotting

● https://pandas.pydata.org/

“Pandas is an open source, 
BSD-licensed library providing 
high-performance, easy-to-use 

data structures and data 
analysis tools for the Python 

programming language.”

https://pandas.pydata.org/
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1. Newcomers should produce useful research 
output within a week (i.e. fast)

2. Analysis code should allow for fast prototyping

3. Code accompanied by good documentation 
with code examples for fast lookup

4. Automated physics validation for fast bug 
detection on code changes
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Learn how to use modern tools 
so physicists can ask more:

“What do I want to study” 
and less: “how do I have to do this”

(similar to HSF CWP sentiment)
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https://arxiv.org/abs/1712.06982
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Based on the open-access CMS HEP Tutorial:
http://ippog.org/resources/2012/cms-hep-tutorial 
Data and 8 MC components for 50 pb-1 from 2011.  
Builds up to a tt-bar analysis

http://ippog.org/resources/2012/cms-hep-tutorial
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● AlphaTwirl
● See detailed poster on AlphaTwirl

https://indico.cern.ch/event/587955/contributions/2937634/ 
● Summarizes event-level data to binned data
● Highly general, but our use:

○ Input: ROOT Trees
○ Output: Pandas dataframes, 1 row per bin

● FAST adds a YAML control interface
● Condense analysis decisions (eg. what variable to cut on, 

binning widths) away from code
● Easier to share, simpler to read, harder to make bugs
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https://github.com/alphatwirl/alphatwirl
https://indico.cern.ch/event/587955/contributions/2937634/
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1. stages:
2. - NumberMuons: {type: BinnedDataframe}
3. - selection: {type: CutFlow}
4. - DiMuon: {type: BinnedDataframe}
5.
6. NumberMuons:
7. binning:
8.     - {in: comp_name, out: component}
9.     - {in: NMuon_Iso, out: nMuons}
10. weights: {weighted: EventWeight, unweighted: 1}
11.
12. selection:
13. selection:
14.     All:
15.         - len(ev.Muon_Iso_Idx) >= 2
16.         - ev.triggerIsoMu24[0]
17.         - ev.Muon_Pt[0] > 25
18.
19. DiMuon:
20. binning:
21.     - {in: comp_name, out: component}
22.     - {in: DiIsoMuon_Mass, out: dimu_mass, bins: {low: 60, high: 120, nbins: 60}}
23. weights: {weighted: EventWeight, unweighted: 1}

1. # Control the processing order
2. stages:
3.     - selection: {type: CutFlow}
4.     - DiMuon: {type: BinnedDataframe}
5.
6. # Apply an event selection
7. selection:
8.     selection:
9.         All:

10.             - len(ev.Muon_Iso_Idx) >= 2
11.             - ev.triggerIsoMu24[0]
12.             - ev.Muon_Pt[0] > 25
13.
14. # Define a binned dataframe: one discrete, one continuous variable which we bin
15. DiMuon:
16.     binning:
17.         - {in: comp_name, out: component}
18.         - {in: DiIsoMuon_Mass, out: dimu_mass, bins: {low: 60, high: 120, nbins: 60}}
19.     weights: {weighted: EventWeight, unweighted: 1}
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# Apply an event selection
Selection:
    Selection:
        All:
            - len(ev.Muon_Iso_Idx) >= 2
            - ev.triggerIsoMu24[0]
            - ev.Muon_Pt[0] > 25
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# Define a binned dataframe: one discrete, one continuous variable which we bin
DiMuon:
    Binning:
        - {in: comp_name, out: component}
        - {in: DiIsoMuon_Mass, out: dimu_mass, bins: {low: 60, high: 120, nbins: 
60}}
    weights: {weighted: EventWeight, unweighted: 1}

● Only show first 5 bins of 
each data / MC component

● Columns:
● Component, dimu_mass 

= bin labels
● n = bin content
● nvar = variance on bin

● n != nvar for MC due to 
event weighting
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Calculate the total predicted 
background by summing over 
all components
● Note: in this order the total errors are wrong
● This is why we store the variance instead

Convert the variance to 
the error
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Depending 
on task, 
“wide-form” 
tables can 
be easier to 
work with
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Our version

Few lines of pure Pandas code: Dataframe → plot

Tutorial’s 
version
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● Includes full event selection, and all event 
weighting routines

● https://cms-results.web.cern.ch/cms-results/public-results/publications
/SUS-16-038/index.html

● Aux material for JHEP 1805 (2018) 025

https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-038/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-038/index.html
https://doi.org/10.1007/JHEP05(2018)025
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● Final step of many 
analyses: extract signal 
strength via a fit

● Working on interface to 
fitting routines:
● Starting with CMS Higgs 

Combine tool
● Validate against limit from 

JHEP 1805 (2018) 025
● Can reproduce expected 

limit from left plot

https://doi.org/10.1007/JHEP05(2018)025
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● Use CERN GitLab
● Runners for Continuous Integration 
● Access to EOS

● Run sections of analysis chain in CI
● Unit testing of analysis code
● Integration tests running full analysis 

chains on real data (stored on EOS)

● Auto-documentation-ing
● Published to a CERN-hosted webpage
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Book-keeping of dataframes
● Stored inside the 

persisted Dataframes 
● Dictionary of software 

versions, command-line 
options, important 
environment variables, 
provenance info

● If persisted as text: stored 
as YAML comment header

● If persisted as HD5: extra 
key in file (in development)

#% ===== HEADER (lines = 18)
# ancestors:
# - outputs/tbl_n.component.jet_pt.txt
# - outputs/tbl_cfg_component_phasespace_process.txt
# command_line:
# - t2df_combine_mc_components
# - outputs/backgrounds/
# filename: /home/ben/CMS/FAST/CMS_HEP_tutorial/outputs/tbl_n.proc
# project_dir: /home/ben/CMS/FAST/FAST-RA1/fast_ra1
# software:
#   ROOT_version: v6-08-06
#   pandas_version: 0.23.0
#   python_version: 2.7.13
#   rootpy_version: 1.0.1
#   yaml_version: '3.12'
# version: 0.1.0
# working_dir: /home/ben/CMS/FAST/180701_CMS_HEP_tutorial/
#
#% ===== dataframe (lines = 416)
component   dimu_mass        n      nvar
 data    -inf   993.000000  9.930000e+02

#% ===== HEADER (lines = 18)
# ancestors:
# - outputs/tbl_n.component.jet_pt.txt
# - outputs/tbl_cfg_component_phasespace_process.txt
# command_line:
# - t2df_combine_mc_components
# - outputs/backgrounds/
# filename: /home/ben/CMS/FAST/CMS_HEP_tutorial/outputs/tbl_n.process.jet_pt.txt
# project_dir: /home/ben/CMS/FAST/FAST-RA1/fast_ra1
# software:
#   ROOT_version: v6-08-06
#   pandas_version: 0.23.0
#   python_version: 2.7.13
#   rootpy_version: 1.0.1
#   yaml_version: '3.12'
# version: 0.1.0
# working_dir: /home/ben/CMS/FAST/180701_CMS_HEP_tutorial/
#
#% ===== dataframe (lines = 416)
component   dimu_mass        n      nvar
 data    -inf   993.000000  9.930000e+02
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● Introduced you to F.A.S.T.
● Presented a case-study of reimplementing 

an analysis with a modern approach
● Big improvement over current approach
● Being adopted by several CMS analyses, 

interest from members of DUNE
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● A full analysis has many aspects
● Some shortcomings in pure-python world: 

○ Statistics that ROOT provides (eg TEfficiency)
○ Fitting routines
○ Plotting binned dataframes

● Power of Continuous Integration for analyses
● Essentially free PhD students!
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● Produce set of benchmarks and comparisons
● Code and performance metrics

● Release code as an example or template for others
● Develop generic routines for manipulating binned 

dataframes
● Help plug identified shortcomings

● Eg. Contributions to Pandas, Histbook, Seaborn, etc
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Our version

Tutorial’s 
version

Few more lines:
ROOT style plot


