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Amplitude analysis

Input data
3 four-momenta per collision

Aim: study of intermediate hadronic states E  p  p, P
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Amplitude analysis

Very large model descriptions...
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...and large, unbinned data samples
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Differentiable programming

Since a few years, several specialised packages
from the ML and data science communities

Numba

Not just Machine

o e.9. gradient

? descent algorithm

Learning!

Can be used for any fast numerical computations

remco.deboer@rub.de Remco de Boer (RUB) — The ComPWA project — CERN School of Computing



https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:remco.deboer@rub.de
https://bit.ly/compwa-csc-2022
https://github.com/google/jax
https://numpy.org/
https://www.tensorflow.org/
https://numba.pydata.org/
https://pytorch.org

for (i 0; i rows; i++): {

Differentiable programming i

c[i1[31 = a[i1[31*b[i1[]]1;
}
}

@tf.function(jit compile=True) —/

def myiexpression(x, v, Zz): Heavy //‘Ff,'hy éy

return x + y * z

Some of the techniques these back-ends offer:

® Vectorization optimized backend

® Just-in-time compilation

f(Xl, Xz)

e Automatic differentiation Ws = W3 + W

® Support for multithreading, GPUs, "
Wy = COS(WI)WI W3 = WiWs + Wyl

Wo } seeds, wy,w, € {0,1}

remco.deboer@rub.de Remco de Boer (RUB) — The ComPWA project — CERN School of Computing


https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:remco.deboer@rub.de
https://bit.ly/compwa-csc-2022
https://en.wikipedia.org/wiki/CUDA#/media/File:Nvidia_CUDA_Logo.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/3/3f/VSA-100_GPUs.jpg/640px-VSA-100_GPUs.jpg
https://numpy.org/doc/stable/user/whatisnumpy.html
https://www.tensorflow.org/xla
https://www.tensorflow.org/xla
https://en.wikipedia.org/wiki/Automatic_differentiation

El Computer Algebra System

az® + by?

Can we narrow the gap between theory and code?

import sympy as sp
N, s, mO, wO = sp.symbols("N s m0 GammaO")
N / (m0**2 - sp.I * mO * wO - s)

N

m(z) —1mol'y — s

Can serve as template to CAS reprecents

com,butat/ana/ bacé-ends'./ expression as a tree
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Ll Computer Algebra System

az® + by?

Can we narrow the gap between theory and code?

Fortran

REAL*8 function my_ expr (Gamma0O, N, mO, s)

implicit none

SymPy ‘lambdification’ REAL*8, intent (in) :: GammaO
REAL*8, intent(in) :: N
REAL*8, intent(in) :: m0
REAL*8, intent(in) :: s

my_expr = N/ (-cmplx(0,1)*Gamma0*m0**3*sqrt((s - 0.25d0)*(s - 0.01d0)/s)* &
(I + (1.0d0/4.0d0)*(m0**2 - 0.25d0)* (m0**2 - 0.01d0)/m0**2)* (s - &
0.25d0)*(s - 0.01d0) *sgrt (m0**2)/ (s**(3.0d0/2.0d0) *sgrt ( (m0**2 - &
0.25d0) * (m0**2 - 0.01d0) /m0**2)* (1 + (1.0d0/4.0d0)* (s - 0.25d0)*( &
s = 0.01d0)/s)*(m0**2 - 0.25d0)* (mO**2 - 0.01d0)) + mO**2 - s)

end function

Expression tree can serve as
template to computational back-ends
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Ll Computer Algebra System

az® + by?

Can we narrow the gap between theory and code?

// my_expr.h
#ifndef PROJECT__MY EXPR__H
#define PROJECT MY EXPR_H
Py ‘lambdification’
Sym y am Ification double my expr (double GammaO, double N, double m0, double s);

#endif

// my_expr.c
#include "my_expr.h"
#include <math.h>

double my_expr (double GammaO, double N, double m0, double s) {
double my_expr_result;

my expr_result = N/ (-I*GammaO* pow (m0, 3)*sgrt((s - 0.25)*(s - 0.01)/s)*(1 +

(1.0/4.0)*(pow (m0, 2) - 0.25)* (pow (m0, 2) - 0.01)/pow(m0, 2))*(s - 0.25)*(s -
0.01) *sqgrt (pow (m0, 2))/(pow(s, 3.0/2.0)*sqgrt ((pow (m0, 2) - 0.25)* (pow (m0, 2) -
. 0.01)/pow (m0, 2))*(1 + (1.0/4.0)*(s - 0.25)*(s - 0.01)/s)*(pow(m0, 2) -
EXpreSSIOn tree can serve as 0.25)* (pow (m0, 2) - 0.01)) + pow (m0, 2) - s);
. return my_expr_result;
template to computational back-ends :
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Ll Computer Algebra System

az® + by?

Can we narrow the gap between theory and code?

Python with JAX

@jax.Jit

def lambdifygenerated(GammaO, N, m0O, s):
¢ g . y t N /
SymPy ‘lambdification retuen (
-15

* GammaO

* m0

* ((1 / 4) * m0**2 + 0.9831)

* (s - 0.0676) ** (3 / 2)
,,,,,,, * sqgrt (m0**2)

/ (sgrt(s) * (m0**2 - 0.0676) ** (3 / 2) * ((1 / 4) * s + 0.9831))

+ mO**2

S

ooooo

h cimplificatione
Expression tree can serve as A Y CAS si P/'I[' !
template to computational back-ends optimize the back-end code!
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521 The ComPWA Project

Set of Python libraries that:

Standardize and automate amplitude analysis theory in CAS code
Streamline and improve conversion from CAS to back-end
Generate amplitude-based Monte Carlo samples

Perform fits with different optimizers (Minuit2, SciPy, ...

[—Any symbolic input

function = create_parametrized_function(expression, parameter_defaults, backend="jax")
estimator = UnbinnedNLL(function, data, phsp, backend="jax")
optimizer = Minuit2(callback=CSVSummary("fit_traceback.csv"))

fit_result = optimizer.optimize(estimator, initial_parameters)
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Com
PWA,

The ComPWA Project

, Full expression tree After analytic substitution

Amplitude model for A, — prK
12 resonances, 59 parameters, 20 —$— 1CPU
DPD alignment for 3 subsystems —$— 8 CPUs
Expression tree complexity: 301 _

parametrized: 43,198 nodes =

substituted: 9,624 nodes 5

£ 20 .

Backend: JAX a

Great performance 0 ]

for a single fit iteration! 0 1 2 3 0 1 2 3

Number of events > 1le7 Number of events le7
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Com

swi T he ComPWA Project

Thank you

for your atfen tion!
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