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pyhf in the HEP analysis workflow: 

Overall Goal of an analysis: inference on some parameters of nature 
(masses, couplings, ...)... 

Statistical Analysis:  
• final step of analysis 
• you've collected all events, what do they tell you 

Stat. 
Analysis

Signal 
Generation

Det. Sim. +  
Reco

Event 
Selection

highly experiment 
dependent

relatively indep.
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Two broad categories 

Decision: aggregate in the events before statistical analysis or not? 

Statistical Analysis

Binned
Unbinned

yes no
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HistFactory is one of the most widely used families of stat. 
models used in HEP, esp. ATLAS: Majority binned template 
analyses formulated within this one model. 

SM SUSY Exotics
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pyhf 

• Simultaneous Fit to multiple channels, each with multiple 
samples. 

• Sample yields estimated function of nominal rate, scale factors 
and systematics. 

• Systematics imply constraint term on the pdf. 



!6

Straight forward math:  

but sofar only implementation in ROOT/RooStats/RooFit 

... but in principle implementable in other languages (of course)
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pyhf 

High Level Goals of pyhf: 

• Python-based implementation  
• unlock python / data science eco-system  

• (new systematic types 
Gaussian Processes) 

• differentiable formulation 
• performance 
• lower barrier of entry to use 

HistFactory (e.g. phenomenologists..) 

• Likelihood Preservation 
• side benefit: find language-independent spec 
• likelihoods more important data product of an analysis
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JSON Format: 

Idea: remove "split brain" from XML + ROOT and inline all data into 
a single JSON document. For binned data, this should be fine. 

(Should be find for very large binned likelihoods, but can use pointers into external storage if needed) 
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Fully vectorized  
computation 

Use shim to make backend agnostic 

• NumPy (default) 
• Tensorflow 
• PyTorch 
• (MXnet) 
• (jax) 
• (Dask) 

For reinterpretation of searches, the bulk of the likelihood is invariant. Only need 
to patch the likelihood. Use JSONPatch standard to inject the new signal. 

Due to efficient use of tensor computation pyhf is fast.
Competitive with ROOT implementation - often faster.

Hardware Acceleration

For ML-library tensor backends Computational graph can be transparently  
placed on hardware accelerators: GPUs and TPUs for order of magnitude  
speed-up in computation.

Implementation of HistFactory likelihood (1) as a computational graph of multi-
dimensional array operations. 

Use of array ("tensor") operations through a common API layer around high-
performance tensor libraries: e.g.

Installation:  

$> pip install pyhf
Example: simple number-counting experiment

Auto-Differentiation: 

Tensor libraries from ML communty provide exact gradients 
for use in minimization.

Optimizers

pyhf likeliehood are simple tensor-value python functions. It is possible to 
use multiple minimization algorithms, such as scipy.minimize or MINUIT.

JSON Format

The full likelihood can be expressed as a single JSON document

• easy archivability (HepData)
• easy sharing across network
• easy manipulation

pyhf: auto-differentiable binned HEP likelihoods
Kyle Cranmer (NYU) Matthew Feickert (SMU) 
Lukas Heinrich (CERN), Giordon Stark (UCSC) 
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HistFactory
declarative binned likelihoods
One of the most widely used statistical models in HEP for binned measuments and searches.

Mathematical Formulation:a parametrized p.d.f with
parameters or interest (POI) and nuisance parameters

Primary Measurment:
• multiple disjoint "channels"  (e.g. event observables), each with multiple bins
• Poisson with rate parameters as functions of poi and nuisance parameters

Auiliary Measurement
• constraint terms are modeled as "measurements" of auxiliary data

Standard Model SUSY Exotics

pyhf
pure python implementation of HistFactory

(1)

Performance
fast likelihood computation

toplvl:
  measurements:
  - {name: demo, config: {poi: mu}}
data:
  singlechannel: [51, 48]
channels:
- name: singlechannel
  samples:
  - name: signal
    data: [12, 11]
    modifiers:
    - name: mu
      type: normfactor
      data: null
  - name: background
    data: [50,52]
    modifiers:
    - name: uncorr_bkguncrt
      type: shapesys
      data: [3,7]

Sharable Likelihoods
built for reinterpretation

$> pyhf cls original.json|jq .CLs_obs
0.05290116065118097

$> pyhf cls original.json --patch newsignal.json|jq .CLs_obs
0.3401578753020146

[
{"op": "replace", "path": "/channels/0/samples/0/data", "value": [5., 6.]}

]
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Advantage of  
non-Numpy backends 

• Distribution across multiple  
machines (Dask) 

• Hardware Acceleration 
(ML backends) 

• Improved Fitting through  
Automatic Differentiation 
(ML Backends) 

For reinterpretation of searches, the bulk of the likelihood is invariant. Only need 
to patch the likelihood. Use JSONPatch standard to inject the new signal. 

Due to efficient use of tensor computation pyhf is fast.
Competitive with ROOT implementation - often faster.

Hardware Acceleration

For ML-library tensor backends Computational graph can be transparently  
placed on hardware accelerators: GPUs and TPUs for order of magnitude  
speed-up in computation.

Implementation of HistFactory likelihood (1) as a computational graph of multi-
dimensional array operations. 

Use of array ("tensor") operations through a common API layer around high-
performance tensor libraries: e.g.

Installation:  

$> pip install pyhf
Example: simple number-counting experiment

Auto-Differentiation: 

Tensor libraries from ML communty provide exact gradients 
for use in minimization.

Optimizers

pyhf likeliehood are simple tensor-value python functions. It is possible to 
use multiple minimization algorithms, such as scipy.minimize or MINUIT.

JSON Format

The full likelihood can be expressed as a single JSON document

• easy archivability (HepData)
• easy sharing across network
• easy manipulation

pyhf: auto-differentiable binned HEP likelihoods
Kyle Cranmer (NYU) Matthew Feickert (SMU) 
Lukas Heinrich (CERN), Giordon Stark (UCSC) 
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HistFactory
declarative binned likelihoods
One of the most widely used statistical models in HEP for binned measuments and searches.

Mathematical Formulation:a parametrized p.d.f with
parameters or interest (POI) and nuisance parameters

Primary Measurment:
• multiple disjoint "channels"  (e.g. event observables), each with multiple bins
• Poisson with rate parameters as functions of poi and nuisance parameters

Auiliary Measurement
• constraint terms are modeled as "measurements" of auxiliary data

Standard Model SUSY Exotics

pyhf
pure python implementation of HistFactory

(1)

Performance
fast likelihood computation

toplvl:
  measurements:
  - {name: demo, config: {poi: mu}}
data:
  singlechannel: [51, 48]
channels:
- name: singlechannel
  samples:
  - name: signal
    data: [12, 11]
    modifiers:
    - name: mu
      type: normfactor
      data: null
  - name: background
    data: [50,52]
    modifiers:
    - name: uncorr_bkguncrt
      type: shapesys
      data: [3,7]

Sharable Likelihoods
built for reinterpretation

$> pyhf cls original.json|jq .CLs_obs
0.05290116065118097

$> pyhf cls original.json --patch newsignal.json|jq .CLs_obs
0.3401578753020146

[
{"op": "replace", "path": "/channels/0/samples/0/data", "value": [5., 6.]}

]
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Easy RECAST 

=

p’₂

p’₁p₁

p₂

original analysis (w.r.t model A)

Signal 
Region

original analysis (recast to model B)

Signal 
Region

reinterpret

CLs = 0.03
CLs = 0.05 
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Easy RECAST 

Advantages: very easy to modify likelihoods using JSONPatch
Important for e.g. Reinterpretations (think: pMSSM scan)  

+

=

new yields injected

jsonpatch likelihood.json patch.json > new.json
pyhf cls new.json
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Connecting upstream 

Input to HistFactory 
is (structured) set of Histograms  
(.. what used to be histbook?) 

Histogram = result of 
a functional DL operating  
on event-wise data 

Example: 
• simple TTree::Draw-like syntax  
• coffea / uproot / awkward ... 

toplvl:
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Likelihood Preservation (tomorrow) 

toplvl:


