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A brief history

● A few years ago: analyses transition from C++ to Python in HEP
− Scikit-HEP  was created
− Change of philosophy: non-monolithic packages

● Fitting packages still in in C++
− Many scattered, specialized packages
− Speed crucial aspect (and non-trivial in python)

5



Fitting in Python

A lot of projects are around
− RooFit
− HEP Python
− Non-HEP

No real model fitting ecosystem/library for HEP
that is well integrated into Python
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HEP Model Fitting in Python

Scalable
large data, complex models

Pythonic
integrate into ecosystem, stable API

HEP
advanced features, 
simply extendable
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HEP Model Fitting in Python
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large data, complex models

Pythonic
integrate into ecosystem, stable API

HEP
advanced features, 
simply extendable

API & Workflow

Computing
backend
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Today

0.3.6 1.0

Paper,
first «working»
version

today

Usability

Road to V2Stable design,
”correct, not usable”

First presentation
HSF workshop
spring 2019

CHEP 2024
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Ecosystem

hepstats

zfit-physics

ComPWA
& other

Build on top

stable core package
For user 
contributions

zfit

Extend
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Fitting with zfit
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Minimize

Model

Data

Complete fit

Loss
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Scalable: Usability

● Things should not be easy or hard,
but consistent

● Code lines
− 5 or 10: irrelevant
− 50 or 300: matters

● Cover all use cases out of the box is impossible
− Convenient base classes, allow full control
− Modular structure; provide all elements (e.g. shapes)

Difficulty / 
# code  lines

Complexity of fit

zfit
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Available models

● Sum, Product, (Convolution)

● Gauss, (double) Crystalball,...

● Exponential, Polynomials,…

● Histograms, SplineInterpolation,...
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Available models

● Sum, Product, (Convolution)

● Gauss, (double) Crystalball,...

● Exponential, Polynomials,…

● Histograms, SplineInterpolation,...

A lot of new PDFs (also in zfit-physics)

Voigt, GeneralizedCB, GaussExpTail, Bernstein, CMSShape, 
LogNormal, Cruijff, TruncatedPDF, Novosibirsk, Gamma,…
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Custom PDF

Can also override:
● integrate → _integrate
● pdf          → _pdf
● sample   → _sample

Or register integral
17



Custom PDF

Can also override:
● integrate → _integrate
● pdf          → _pdf
● sample   → _sample

Or register integral
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Binned PDFs
Shape modifier

Unbinned → binned → interpolated
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Errors

Minimize

Model

Data

Binned PDFs

Loss

Going binned
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Complete fit: Data

Errors

Minimize

Model

Data

Loss
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Complete fit: Data

● From different sources
− Hist, numpy, Pandas, ROOT, …

 

● Sampled from a model (toy studies)

Use the HEP/Python 
ecosystem for preprocessing 
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Complete fit: Loss

Errors

Minimize

Model

Data

Loss
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shared parameters

Equivalent

Loss

(arbitrary) constraints supported, added to loss
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Complete fit: Minimization

Errors

Minimize

Model

Data

Loss
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Minimize

● Problem: many, non-unified minimizer APIs
− SciPy inferface "a bit messy", different convergence criterion, etc...

● Unified API: zfit minimizers, simply switch

 

● Can use zfit loss, but also pure Python function
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Complete fit: Result

Errors

Minimize

Model

Data

Loss
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Back to HEP ecosystem: hepstats

● Inference library for hypothesis tests

● Takes model, data, loss from zfit

● sWeights, CI, limits, …

● asymptotic or toys calculator
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How to preserve this?
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Preservation

● Longstanding goal: preserve and restore information

● Question: how? Which format?
○ Human-readable vs binary, …

● zfit: Pickle dump/load objects (PDF, etc)
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HS3 serialization

● HEP Statistics Serialization Standard
Human-readable & preservable format for HEP statistics

● By RooFit, zfit, pyhf, bat.jl, … developing stage
○ Explore and define common ground

● zfit: Can dump/load 
       (some) PDFs HS3-like
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Backend & Tensorflow
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Main backend: TensorFlow

● By Google, highly popular (190k    , top 17 on      )

● Consists of "two parts":

− High level API for building neural networks (NOT used!)

− Low level API with Numpy-style syntax
● tf.sqrt, tf.random.uniform,… or tnp.sqrt, tnp.array, tnp.linspace

● Two modes: 

− numpy-like (full Python flexibility)
− JIT compiled (very performant)

GPU/Multi CPU support
Automatic Gradient
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Backend: tracing and autograd

Tracing (JIT compilation)
execute Python once, remember (algebraic) computation
Autograd
"analytic" gradient of function

Recent rise of big data industry created libraries that support this

Includes GPU support, optimizations, caching,...

JAX in the future for zfit2
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Scalable: Performance

● There is no free lunch
− Initial overhead, flat increase
− TensorFlow (JAX, …) backend
− JIT compiled, CPU or GPU

● Single, simple fit "slow"
− 0.01 or 1 sec not relevant
− 1 or 10 hours relevant

time

Complexity / data size / # toys

other

zfit

Same-ish order of magnitude as RooFit 35



Summary
● zfit has matured enough to provide a stable fitting package within 

the pythonic HEP ecosystem.

● Extensive feature set for model building, data loading, minimization 
and getting results.

● Can serialize objects and save/load them to/from disk.

● Robust backend that supports jit compilation, automatic 
differentiation, GPU support and scales well

● Good usability scaling.
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Where to find it:
− zfit repository
− zfit-physics repository
− zfit documentation
− zfit tutorials
− hepstats repository
− hepstats documentation

https://github.com/zfit/zfit
https://github.com/zfit/zfit-physics
https://zfit.readthedocs.io/en/stable/
https://zfit-tutorials.readthedocs.io/en/latest/
https://github.com/scikit-hep/hepstats
https://scikit-hep.org/hepstats/


Backup Slides
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Statistical inference landscape

Loss/CostData

Closed-world
HistFactory-like

Open-world
Binned,
unbinned,
mixed

Build complicated physics models

point estimate

model/PDFdata “likelihood”/cost
interval

Steers large fits & analysis

38



zfit features

● Extended fits, Chi2, binned, unbinned, mixed
● PDFs convertable binned ↔ unbinned (including to hist), mixed
● Multidimensional
● Any backend supported (numpy-like), optimal with TF currently
● Sample from PDF
● Arbitrary constraints (custom made)
● Custom PDF: define shape → auto normalized, sampling etc.
● Automatic/numerical gradient
● Different minimizers, optimized API
● JIT/eager support
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