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What is the ComPWA project?

● “Common Partial Wave Analysis”

● Open-source GitHub organization

● Originally a C++ framework (ComPWA)

● Now maintains a collection of Python tools

and documentation for amplitude analysis

● Developed by PhD students and postdocs at RUB and

JGU Mainz in the context of BESIII and PANDA analyses
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github.com/ComPWA

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://github.com/ComPWA/ComPWA
http://github.com/ComPWA
https://github.com/ComPWA
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● Academic continuity:
open source, collaboration-independent, 
maintainable, well-documented software

● Provide an easy starting point
for researchers new to amplitude analysis

● Build up a modern, interlinked, and
interactive PWA knowledge-base

● Offer libraries that can be used as
building blocks in specialized applications
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Screenshot from the API of one of ComPWA’s packages

What does ComPWA aim for?

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io/en/latest/api/ampform.dynamics.html#ampform.dynamics.CoupledWidth
https://ampform.readthedocs.io/en/latest/api/ampform.dynamics.html#ampform.dynamics.CoupledWidth
https://ampform.readthedocs.io/en/latest/api/ampform.dynamics.html#ampform.dynamics.CoupledWidth
https://ampform.readthedocs.io/en/latest/api/ampform.dynamics.html#ampform.dynamics.CoupledWidth
https://ampform.readthedocs.io/en/latest/api/ampform.dynamics.html#ampform.dynamics.CoupledWidth
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Three main Python packages that together cover a full amplitude analysis:

What do we provide?

All are designed as libraries, so they can be used by other packages

Automated quantum number conservation rules

Fit models to data and generate data samples

with multiple computational back-ends
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Formulate symbolic amplitude modelAmpForm

TensorWaves

QRules

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.rtfd.io
https://tensorwaves.rtfd.io
https://qrules.rtfd.io
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Core: ‘search engine’ for quantum numbers

QRules
Automated quantum number conservation rules

PDG = qrules.load_pdg()

PDG.find("a(2)(1320)0")

Get particle properties:*

Particle(

  name='a(2)(1320)0',

  pid=115,

  latex='a_{2}(1320)^{0}',

  spin=2.0,

  mass=1.3182,

  width=0.107,

  isospin=Spin(1, 0),

  parity=+1,

  c_parity=+1,

  g_parity=-1,

)
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* PDG info computed from the
scikit-hep particle package

qrules.rtfd.io

Also a library of 
conservation rules

selection = PDG.filter(

   lambda p: p.mass > 2.8

   and p.spin > 0

   and p.charge

   and p.charmness

   and p.parity == +1

)

selection.names

Find particles by quantum number:

['Lambda(c)(2880)+', 'Xi(c)(2815)~-']

qrules.check_reaction_violations (

   initial_state ="pi0",

   final_state =["gamma", "gamma", "gamma"],

)

Check which conservation rules are violated:

{frozenset({'c_parity_conservation'})}

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://github.com/scikit-hep/particle
https://qrules.readthedocs.io
https://qrules.readthedocs.io
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/qrules.ipynb
https://mybinder.org/v2/gh/ComPWA/demo/main?urlpath=lab/tree/2021.12.13/qrules.ipynb
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state
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qrules.rtfd.io

?

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state
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1. User specifies some boundary conditions

(particle names, allowed interactions, isobar model, etc.)

qrules.rtfd.io

?

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state

8

1. User specifies some boundary conditions

(particle names, allowed interactions, isobar model, etc.)

2. QRules then:

○ determines all possible decay topologies,

qrules.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state
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1. User specifies some boundary conditions

(particle names, allowed interactions, isobar model, etc.)

2. QRules then:

○ determines all possible decay topologies,

○ gets corresponding particle properties from the PDG

(or any custom definitions),

qrules.rtfd.io

JPC = 1--

IG = 0-

Q = 0

JPC = 1--

IG = 0-

Q = 0

JPC = 1--

IG = 0-

Q = 0

I(JP) = ½(0-)
Q = 0

I(JP) = 1(½+)
Q = +1

I(JP) = 1(½+)
Q = +1

I(JP) = ½(½-)
Q = -1

I(JP) = ½(0-)
Q = 0

I(JP) = ½(½-)
Q = -1

I(JP) = ½(½-)
Q = -1

I(JP) = 1(½+)
Q = +1

I(JP) = ½(0-)
Q = 0

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state
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1. User specifies some boundary conditions

(particle names, allowed interactions, isobar model, etc.)

2. QRules then:

○ determines all possible decay topologies,

○ gets corresponding particle properties from the PDG

(or any custom definitions),

○ propagates quantum numbers through intermediate edges,

○ and selects all allowed transitions with its conservation laws

qrules.rtfd.io

JP = 3/2-

I = 1
Q = -1

JPC = 1--

IG = 0-

Q = 0

JPC = 1--

IG = 0-

Q = 0

JPC = 1--

IG = 0-

Q = 0

I(JP) = ½(0-)
Q = 0

I(JP) = ½(1-)
Q = 0

I(JP) = 1(½+)
Q = +1

I(JP) = 1(½+)
Q = +1

I(JP) = ½(½-)
Q = -1

I(JP) = ½(0-)
Q = 0

I(JP) = ½(½-)
Q = -1

I(JP) = ½(½-)
Q = -1

I(JP) = 1(½+)
Q = +1

I(JP) = ½(0-)
Q = 0

JP = ½+

I = ½
Q = +1

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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QRules
Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed

between a given initial and final state
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1. User specifies some boundary conditions

(particle names, allowed interactions, isobar model, etc.)

2. QRules then:

○ determines all possible decay topologies,

○ gets corresponding particle properties from the PDG

(or any custom definitions),

○ propagates quantum numbers through intermediate edges,

○ and selects all allowed transitions with its conservation laws

qrules.rtfd.io

Generalized approach: the constraints ‘span’ quantum number space (CSP)

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
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reaction = qrules.generate_transitions(

   initial_state="J/psi(1S)",

   final_state=["K0", "Sigma+", "p~"],

   allowed_interaction_types=["strong"],

)

QRules
Automated quantum number conservation rules
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The returned object contains all information to formulate an amplitude model!

qrules.rtfd.io

Selects conservation rules

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://qrules.readthedocs.io
https://qrules.readthedocs.io
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/qrules.ipynb
https://mybinder.org/v2/gh/ComPWA/demo/main?urlpath=lab/tree/2021.12.13/qrules.ipynb
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AmpForm
Symbolic amplitude model formulation n = sp.Symbol("n_R")

matrix = RelativisticKMatrix .formulate(

   n_channels =1,

   n_poles=n,

)

matrix[0, 0]

matrix = NonRelativisticKMatrix .formulate(

   n_channels =2,

   n_poles=1,

).doit()

matrix[0, 0].simplify()

● Library of spin formalisms and dynamics

● Formulate QRules' state transitions

as an amplitude model

● Models are formulated as

algebraic expressions (SymPy CAS)
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ampform.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/ampform.ipynb
https://mybinder.org/v2/gh/ComPWA/demo/main?urlpath=lab/tree/2021.12.13/ampform.ipynb
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Example

Building an amplitude model for 𝐷⁰ → 𝐾⁰ 𝐾⁻ 𝐾⁺ with 3 resonances

AmpForm
Symbolic amplitude model formulation
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ampform.rtfd.io

1. Select parametrization for each resonance

2. AmpForm takes care of spin (helicity formalism)

3. Resulting amplitude model expressed symbolically
LaTeX generated

by the framework!

builder = ampform.get_builder (reaction)

resonances  = reaction.get_intermediate_particles ()

for p in resonances :

   builder.set_dynamics (p.name, create_relativistic_breit_wigner_with_ff )

builder.set_dynamics ("a(0)(980)0" , create_analytic_breit_wigner )

model = builder.formulate()

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/ampform.ipynb
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/ampform.ipynb
https://mybinder.org/v2/gh/ComPWA/demo/main?urlpath=lab/tree/2021.12.13/ampform.ipynb
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some_amplitude = model.components[

   R"A_{D^{0}_{0} \to K^{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K^{+}_{0} K^{-}_{0}}"

]

AmpForm
Symbolic amplitude model formulation

15

Expression of each amplitude can be further inspected:

Spin formalism
Dynamics

ampform.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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Expression of each amplitude can be further inspected:

AmpForm
Symbolic amplitude model formulation

16

ampform.rtfd.io

CAS can evaluate 
sub-expressions

some_amplitude = model.components[

   R"A_{D^{0}_{0} \to K^{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K^{+}_{0} K^{-}_{0}}"

]

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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Expression of each amplitude can be further inspected:

AmpForm
Symbolic amplitude model formulation

17

ampform.rtfd.io

AmpForm provides 
suggested parameter values

some_amplitude = model.components[

   R"A_{D^{0}_{0} \to K^{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K^{+}_{0} K^{-}_{0}}"

]

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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AmpForm
Symbolic amplitude model formulation

18

Original motivation: these expressions are actually
trees of fundamental mathematical operations!

⇒ Template for faster computational software

ampform.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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Expression tree modification example: substitute stable masses

AmpForm
Symbolic amplitude model formulation

ampform.rtfd.io

19

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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AmpForm
Symbolic amplitude model formulation

Expression tree modification example: substitute stable masses

ampform.rtfd.io

Substitute analytically 
with kaon masses

20

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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Expression tree modification example: substitute stable masses

AmpForm
Symbolic amplitude model formulation

21

Other use cases:

● Couple parameters
● Insert background expressions
● …
● Substitute fixed parameters
● Collapse constant sub-trees (caching) CAS collapses sub-trees

⇒ Transparency, flexibility and optimized computations

ampform.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
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New feature: helicity angles computed symbolically from four-momenta

AmpForm
Symbolic amplitude model formulation

22

ampform.rtfd.io

Easier to implement
spin alignment etc.

model.kinematic_variables[theta_1_12].doit()

model.kinematic_variables[theta_1_12].doit()

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://ampform.readthedocs.io
https://ampform.readthedocs.io
https://github.com/ComPWA/ampform/issues/6
https://github.com/ComPWA/ampform/issues/6
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/ampform.ipynb
https://mybinder.org/v2/gh/ComPWA/demo/main?urlpath=lab/tree/2021.12.13/ampform.ipynb
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Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

TensorWaves
Fit and generate data with multiple computational back-ends

23

tensorwaves.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
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Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

c = a * b

c = []

for i in range(len(a)):

   c.append(a[i]*b[i])

TensorWaves
Fit and generate data with multiple computational back-ends

24

tensorwaves.rtfd.io

Heavy lifting by
optimized backendData arrays

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
https://numpy.org/doc/stable/user/whatisnumpy.html
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@tf.function(jit_compile=True)

def my_expression(x, y, z):

   return x + y * z

def my_expression(x, y, z):

   return x + y * z

Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

TensorWaves
Fit and generate data with multiple computational back-ends

25

tensorwaves.rtfd.io

Data arrays

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
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@tf.function(jit_compile=True)

def my_expression(x, y, z):

   return x + y * z

def my_expression(x, y, z):

   return x + y * z

Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

TensorWaves
Fit and generate data with multiple computational back-ends

26

tensorwaves.rtfd.io

…01101000101

XLA

Data arrays

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
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TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

27

tensorwaves.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://en.wikipedia.org/wiki/Automatic_differentiation
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
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TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

● Vectorization

● Just-in-time compilation

● XLA (Accelerated Linear Algebra)

● Automatic differentiation

28

tensorwaves.rtfd.io

→ Since a few years, several optimized packages

from the ML and data science communities

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://numpy.org/
https://github.com/google/jax
https://www.tensorflow.org/
https://numba.pydata.org/
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function = create_parametrized_function(expression, parameter_defaults, backend="jax")

estimator = UnbinnedNLL(function, data, phsp, backend="jax")

minuit2 = Minuit2(callback=CSVSummary("fit_traceback.csv"))

fit_result = minuit2.optimize(estimator, initial_parameters)

TensorWaves
Fit and generate data with multiple computational back-ends

TensorWaves responsibilities:

● Express mathematical expressions in a computational back-end

● Generate (deterministic) amplitude-based Monte Carlo samples

● Perform unbinned fits with different  back-ends

(TensorFlow, NumPy, JAX, …)

● Also integrates different optimizers (Minuit2, SciPy, …)
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function = create_parametrized_function(expression, parameter_defaults, backend="jax")

estimator = UnbinnedNLL(function, data, phsp, backend="jax")

minuit2 = Minuit2(callback=CSVSummary("fit_traceback.csv"))

fit_result = minuit2.optimize(estimator, initial_parameters)

TensorWaves
Fit and generate data with multiple computational back-ends

Why is this nice?

● Outsource heavy computations to specialized packages

from the machine learning and data science

● Get support for GPUs, multithreading, etc. for free

● Separate physics from the ‘number crunching’

● Easily integrate other upcoming back-ends

30

tensorwaves.rtfd.io

Any symbolic input

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://numpy.org/
https://github.com/google/jax
https://www.tensorflow.org/
https://numba.pydata.org/


Remco de Boer (RUB)    ―   The ComPWA project    ―   P̅ANDA Seminar 13.12.2021compwa-admin@ep1.rub.de

optimise
parameters

TensorWaves
Fit and generate data with multiple computational back-ends

31

generated data sample

Does it work? JAX+Minuit2 example benchmark:

tensorwaves.rtfd.io

Intel Core i7-8750H CPU @ 2.20GHz 12 cores 56s

GeForce GTX 1050 Mobile GPU @ 1.35GHz 47s

Tesla K80 GPU (Colab) 15s

Intel Xeon CPU @ 2.20GHz 1 core (Colab) 3m20

data: 105

phsp: 106

parameters: 8

nodes: 3,232

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://tensorwaves.readthedocs.io
https://tensorwaves.readthedocs.io
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://ark.intel.com/content/www/us/en/ark/products/134906/intel-core-i78750h-processor-9m-cache-up-to-4-10-ghz.html
https://www.videocardbenchmark.net/gpu.php?gpu=GeForce+GTX+1050+%28Mobile%29&id=4088
https://www.nvidia.com/en-gb/data-center/tesla-k80/
https://ark.intel.com/content/www/us/en/ark/products/27267/intel-xeon-processor-2-20-ghz-512k-cache-400-mhz-fsb.html
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
https://colab.research.google.com/github/ComPWA/demo/blob/main/2021.12.13/tensorwaves.ipynb
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Launch interactive examples

All packages come with well-maintained websites:

● Extensive explanations of implemented physics

● Thoroughly integrated with codebase

● Continuously tested: links and code examples won’t break

● Run demos directly from the browser

● Kind of an interactive book

(see Executable Book Project)
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Documentation
Narrow the gap between code and theory
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PWA Software Pages
Interactive knowledge-base for PWA theory and software

⇒ Spin-off project: PWA Pages (pwa.rtfd.io)

● Intended as a guide through the main

ingredients of Partial Wave Analysis

● Easily navigate to literature and existing PWA software*

● Currently skeletal: infrastructure is there

and easy contribute to

● No need to know HTML, CSS, etc.

Welcome to include or reference your PWA project!

*See also HSF DAWG amplitude analysis benchmark meetings
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Code quality and Developer Experience

Long-term maintainability:

● Get involved with just a few commands

● Automated coding conventions

● Reproducibility in each commit:

pinned dependencies and permanent links

● Continuous benchmark monitoring

● Self-documenting code (typed libraries)

● Documentation as integration tests

Anyone is welcome to contribute!
compwa-org.rtfd.io/en/stable/develop.html
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Code quality and Developer Experience
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Summary ― Key ComPWA features

Code quality
Academic continuity through careful design,
automated QA, and self-documenting code

Modularity
Separate libraries that facilitate common 

procedures in amplitude analysis

Scalability
Taylor to the growing number of

computational frameworks from industry
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Documentation
Narrow the gap between theory and code with

well-referenced, interactive documentation

compwa-org.rtfd.io

https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://numpy.org/
https://github.com/google/jax
https://www.tensorflow.org/
https://tensorwaves.rtfd.io
https://ampform.rtfd.io
https://qrules.rtfd.io
https://ampform.rtfd.io
https://ampform.rtfd.io
https://tensorwaves.rtfd.io
https://tensorwaves.rtfd.io
https://qrules.rtfd.io
https://qrules.rtfd.io
https://compwa-org.readthedocs.io/en/stable/about.html
https://compwa-org.readthedocs.io/en/stable/about.html
https://numba.pydata.org/


Remco de Boer (RUB)    ―   The ComPWA project    ―   P̅ANDA Seminar 13.12.2021compwa-admin@ep1.rub.de

Summary ― Key ComPWA features

Code quality
Academic continuity through careful design,
automated QA, and self-documenting code

Modularity
Separate libraries that facilitate common 

procedures in amplitude analysis

Scalability
Taylor to the growing number of

computational frameworks from industry

Am
pF

or
m

Te
ns

or
W
av

es

Q
Ru

le
s

Documentation
Narrow the gap between theory and code with

well-referenced, interactive documentation

Thanƨ you for ƶour attention!
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