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HistFactory
 

A �exible p.d.f. template to build statistical models from binned distributions
and data

Developed by Cranmer, Lewis, Moneta, Shibata, and Verkerke [1]

Widely used by the HEP community for standard model measurements and
BSM searches
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HistFactory Template

Use: Multiple disjoint channels (or regions) of binned distributions with multiple
samples contributing to each with additional (possibly shared) systematics
between sample estimates

Main pieces:

Main Poisson p.d.f. for simultaneous measurement of multiple channels

Event rates  from nominal rate  and rate modi�ers  and 

Constraint p.d.f. (+ data) for "auxiliary measurements"

encoding systematic uncertainties (normalization, shape, etc)
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HistFactory Template

 

This is a mathematical representation! Nowhere is any software spec de�ned

Until now, the only implementation of HistFactory has been in RooStats+RooFit

 

Preservation: Likelihood stored in the binary ROOT format

Challenge for long-term preservation (i.e. HEPData)

Why is a histogram needed for an array of numbers?

To start using HistFactory p.d.f.s �rst have to learn ROOT, RooFit, RooStats

Problem for our theory colleagues (generally don't want to)

Dif�cult to use for reinterpretation

f ,  ,  =   Pois n ν   ,  c  a  χ(n ⃗ a∣⃗η ⃗ χ)⃗
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∏
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First non-ROOT implementation
of the HistFactory p.d.f. template

pure-Python library as second
implementation of HistFactory

pip install pyhf

No dependence on ROOT!

Has a JSON spec that fully describes the HistFactory model

JSON: Industry standard, parsable by every language, human & machine readable, versionable
and easily preserved (HEPData is JSON)

Open source tool for all of HEP

Originated from a DIANA/HEP project fellowship and now an IRIS-HEP supported project

Used for reinterpretation in phenomenology paper [2]

Used internally in ATLAS for pMSSM SUSY large scale reinterpretation

pyhf: HistFactory in pure Python
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https://diana-hep.org/pyhf/installation.html#install-from-pypi
https://diana-hep.org/pyhf/
https://diana-hep.org/
https://iris-hep.org/projects/pyhf.html
https://arxiv.org/pdf/1810.05648.pdf#page=21


 

All numerical operations implemented in tensor
backends through an API of -dimensional

array operations

Using deep learning frameworks as
computational backends allows for
exploitation of auto differentiation (autograd)
and GPU acceleration

As huge buy in from industry we bene�t for free
as these frameworks are continually improved
by professional software engineers

 

Machine Learning Frameworks for
Computational Backends

n
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Open industry standard �le
formats
JSON de�ning a single channel, two bin counting experiment with systematics
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https://carbon.now.sh/?bg=rgba(255%2C255%2C255%2C1)&t=seti&wt=none&l=application%2Fjson&ds=false&dsyoff=20px&dsblur=68px&wc=true&wa=true&pv=3px&ph=1px&ln=false&fl=1&fm=Hack&fs=14px&lh=133%25&si=false&es=4x&wm=false&code=%257B%250A%2520%2520%2520%2520%2522channels%2522%253A%2520%255B%2520%2523%2520List%2520of%2520regions%250A%2520%2520%2520%2520%2520%2520%2520%2520%257B%2520%2522name%2522%253A%2520%2522singlechannel%2522%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2522samples%2522%253A%2520%255B%2520%2523%2520List%2520of%2520samples%2520in%2520region%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%257B%2520%2522name%2522%253A%2520%2522signal%2522%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2522data%2522%253A%2520%255B5.0%252C%252010.0%255D%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2523%2520List%2520of%2520rate%2520factors%2520and%252For%2520systematic%2520uncertainties%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2522modifiers%2522%253A%2520%255B%2520%257B%2520%2522name%2522%253A%2520%2522mu%2522%252C%2520%2522type%2522%253A%2520%2522normfactor%2522%252C%2520%2522data%2522%253A%2520null%257D%2520%255D%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%257D%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%257B%2520%2522name%2522%253A%2520%2522background%2522%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2522data%2522%253A%2520%255B50.0%252C%252060.0%255D%252C%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2522modifiers%2522%253A%2520%255B%2520%257B%2522name%2522%253A%2520%2522uncorr_bkguncrt%2522%252C%2520%2522type%2522%253A%2520%2522shapesys%2522%252C%2520%2522data%2522%253A%2520%255B5.0%252C%252012.0%255D%257D%2520%255D%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%257D%250A%2520%2520%2520%2520%2520%2520%2520%2520%2520%2520%255D%250A%2520%2520%2520%2520%2520%2520%2520%2520%257D%250A%2520%2520%2520%2520%255D%252C%250A%2520%2520%2520%2520%2522observations%2522%253A%2520%255B%2520%2523%2520Observed%2520data%250A%2520%2520%2520%2520%2520%2520%2520%2520%257B%2520%2522name%2522%253A%2520%2522singlechannel%2522%252C%2520%2522data%2522%253A%2520%255B50.0%252C%252060.0%255D%2520%257D%250A%2520%2520%2520%2520%255D%252C%250A%2520%2520%2520%2520%2522measurements%2522%253A%2520%255B%2520%2523%2520Parameter%2520of%2520interest%250A%2520%2520%2520%2520%2520%2520%2520%2520%257B%2520%2522name%2522%253A%2520%2522Measurement%2522%252C%2520%2522config%2522%253A%2520%257B%2522poi%2522%253A%2520%2522mu%2522%252C%2520%2522parameters%2522%253A%2520%255B%255D%257D%2520%257D%250A%2520%2520%2520%2520%255D%252C%250A%2520%2520%2520%2520%2522version%2522%253A%2520%25221.0.0%2522%2520%2523%2520Version%2520of%2520spec%2520standard%250A%257D


 Example using pyhf CLICL  s
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Original analysis (model A) Recast analysis (model B)

JSON Patch for new signal models
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Likelihood serialization and
reproduction

ATLAS PUB note on the JSON schema for serialization and reproduction of
results (ATL-PHYS-PUB-2019-029)

Contours: █ original ROOT+XML, █ pyhf JSON, █ JSON converted back to ROOT+XML
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https://cds.cern.ch/record/2684863


Likelihood serialization and
reproduction

ATLAS PUB note on the JSON schema for serialization and reproduction of
results (ATL-PHYS-PUB-2019-029)

Contours: █ original ROOT+XML, █ pyhf JSON, █ JSON converted back to ROOT+XML

Overlay of contours nice visualization of near perfect agreement

Serialized likelihood and reproduced results of ATLAS Run-2 search for sbottom quarks (CERN-
EP-2019-142) and published to HEPData

Shown to reproduce results but faster! ROOT: 10+ hours pyhf: < 30 minutes
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https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
http://inspirehep.net/record/1748602


Summary
Through pyhf are able to provide:

First non-ROOT implementation of the HistFactory p.d.f. template in pure
Python

JSON speci�cation of likelihoods that fully describes the model

human/machine readable, versionable, HEPData friendly, orders of magnitude smaller

long long term support

Fast and �exible analysis

Analysis groups in ATLAS looking to use now

Part of IRIS-HEP Analysis Systems pipeline — "reducing time to insight"

Publication for the �rst time of the full likelihood of a search for new physics

Transparent open development on GitHub
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Backup
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High information-density
summary of analysis

Almost everything we do in the
analysis ultimately affects the
likelihood and is encapsulated
in it

Trigger

Detector

Systematic Uncertainties

Event Selection

Unique representation of the
analysis to preserve

 
 
 

Why is the likelihood important?
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https://indico.cern.ch/event/839382/contributions/3521168/


Likelihood serialization...
...making good on 19 year old agreement to publish likelihoods

 

(1st Workshop on Con�dence Limits, CERN, 2000)

This hadn't been done in HEP until now

In an "open world" of statistics this is a dif�cult problem to solve

What to preserve and how? All of ROOT?

Idea: Focus on a single more tractable binned model �rst
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https://indico.cern.ch/event/746178/contributions/3396797/
https://cds.cern.ch/record/411537
http://inspirehep.net/record/534129


 

Original model New Signal (JSON Patch �le)

Reinterpretation

JSON Patch for new signal models
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Gain this through the frameworks
creating computational directed
acyclic graphs and then applying the
chain rule (to the operations)

Simple example graph (full likelihood too
big to show here)

Automatic differentiation
With tensor library backends gain access to exact (higher order) derivatives —
accuracy is only limited by �oating point precision

 ,  

∂μ
∂L

∂θ  i

∂L

―――
Image credit: Alan Du 17 / 20

http://www.columbia.edu/~ahd2125/post/2015/12/5/


Best-�t parameter values
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Upcoming Release v0.1.3

Pseudoexperiment generation (toys!)

In just a few lines of code are able to reproduce Figure 5b of arXiv:1007.1727! �
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https://mybinder.org/v2/gh/matthewfeickert/talk-IRIS-HEP-Institute-Retreat-2019/master?filepath=notebooks%2Ftoys-example.ipynb
https://inspirehep.net/record/860907
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http://inspirehep.net/record/1236448
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The end.

20 / 20


