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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

| WA and documentation for amplitude analysis

sithub.com/ComPWA  ® Developed by PhD students and postdocs at RUB and

JGU Mainz in the context of BESIII and PANDA analyses

compwa-admin@epl.rub.de
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jyDependentwWidth(s: Symbol, masse: Symbol,
Symbol, m_a: Symbol, m_b: Symbol,
omentum: Symbol, meson_radius: Symbol,

°© o ctor: Optional[PhaseSpaceFactorProtocol] =
ame : Optional[str] = None, evaluate: bool =
LS [source]

Bases: ampform.sympy.UnevaluatedExpression

Mass-dependent width, coupled to the pole position of the
resonance.

. . . See PDG2020, §Resonances, p.6 and [11], equation (6). Default
. Academlc Contlnulty: value for p_factor is PhaseSpaceFactor().

Note that the BlattWeisskopfSquared of AmpForm is

open source, collaboration-independent, N A S A RS i SRR
nominator and the denominator, while the definition in the PDG

m a i nta i n a b | e, We I I'd OCU m e nted SOftwa re (as well as some other sources), always have 1 in the nominator

v of the Blatt-Weisskopf. In that case, one needs an additional

o factor (¢/qo)*" in the definition for T'(m).

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

With that in mind, the “mass-dependent” width in a

relativistic_breit_wigner_with_ff becomes:

~ ToBj (¢°(s))p(s) @
Bj (¢* (m§))p (mf)

® Build up a modern, interlinked, and »

where Bi is defined by (1), g is defined by (2), and p is (by

interactive PWA knowledge-base dteelietioed by

or: PhaseSpaceFactorProtocol

e Offer libraries that can be used as : oveceractor (o el

ymbol, **hints Any) [source]

building bIOCkS in SpeCiaIized applications Standard phase-space factor, using

BreakupMomentumSquared().

To(s)

See PDG2020, §Resonances, p.4, Equation (49.8).

Screenshot from the API of one of ComPWA's packages
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What do we provide?

Three main Python packages that together cover a full amplitude analysis:

Automated quantum number conservation rules

Formulate symbolic amplitude model

Fit models to data and generate data samples

TensorWaves

with multiple computational back-ends

All are designed as libraries, so they can be used by other packages
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grules.rtfd.io

QRules

Automated quantum number conservation rules

) . Check which conservation rules are violated:
Core: ‘search engine’ for quantum numbers

grules .check reaction violations (

initial state="piO",

Get particle properties:”

final state=["gamma", "gamma", "gamma"],
PDG = grules.load pdg() )
PDG.find ("a(2) (1320)0")
{frozenset ({'c_parity conservation'})
Particle(
name="'a (2) (1320)0", Find particles by quantum number: K Also a /’ém”}’ of
pid=115, conserva.f:an ru/es'

selection = PDG.filter (
latex="a {2} (1320)~{0}"',
- lambda p: p.mass > 2.8
spin=2.0,

mass=1.3182,
width=0.107,

and p.spin > 0
and p.charge

and p.charmness
isospin=Spin(l, 0),

and p.parity == +1
parity=+1, )
c_parity=+1, selection .names
g _parity=-1, *PDG info computed from the
) ['Lambda (c) (2880)+"', 'Xi(c) (2815)~-"] sc]k]t_hep package
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grules.rtfd.io

QRules

Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed
between a given initial and final state

J/psi(1S) —— ?

Sigma+
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grules.rtfd.io

QRules

Automated quantum number conservation rules

PWA use case: compute which particle reactions are allowed
between a given initial and final state

1. User specifies some boundary conditions
(particle names, allowed interactions, isobar model, etc.)

J/psi(1S) —— ?

Sigma+
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QRules K\

Automated quantum number conservation rules  sias —L
0: KO

PWA use case: compute which particle reactions are allowed

between a given initial and final state

2: p~
1. User specifies some boundary conditions
(particle names, allowed interactions, isobar model, etc.) Ypsi(lS) ——
2. QRules then:
o determines all possible decay topologies, < o
1: Sigma+

/\ 0: KO
J/psi(1S) ——

2: p~
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/(J’)):l(‘/z)
QRules f o=
Automated quantum number conservation rules g:g L
I(J7) = (0
< Q*()

PWA use case: compute which particle reactions are allowed

between a given initial and final state

1(J7) = ()
1. User specifies some boundary conditions e=-1
(particle names, allowed interactions, isobar model, etc.) ]IP:O'_
2. QRules then: 9=0 TP =)
o determines all possible decay topologies, 0=0
o gets corresponding particle properties from the PDG ’“’é* H'/Z )

(or any custom definitions),
I(J7) = 4(00)
JC=1- /« 0=0
C=0
¥/ 1(J7) = 1(%)
< O=+1

1) = (%)
0=-1
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QRUles /(Jgi(lvz)

JC=1"
Automated quantum number conservation rules | 7-¢

PWA use case: compute which particle reactions are allowed
between a given initial and final state
1(J7) = ()
1. User specifies some boundary conditions Q="
PC _ 1--
(particle names, allowed interactions, isobar model, etc.) J/;f;ol-
2. QRules then: 0=0 )
Y IJP) = 14(0))
o determines all possible decay topologi o .
etermines all possible decay topologies, I=v, < 0=0
. . . 0=+1 " ~~iH=1%H
o gets corresponding particle properties from the PDG ¢ 0=+
(or any custom definitions), |
O propagates quantum numbers through intermediate edges, o /‘ 1(.//'2)::'{;(0')
o and selects all allowed transitions with its conservation laws =0 — B
=0 P\ — A
Q I(J7) =(1") /<1“é e
oy 1P = Va(%6)
Q:-l
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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

1. User specifies some boundary conditions
(particle names, allowed interactions, isobar model, etc.)

2. QRules then:

o determines all possible decay topologies,
o gets corresponding particle properties from the PDG
(or any custom definitions),
O propagates quantum numbers through intermediate edges,
o and selects all allowed transitions with its conservation laws

grules.rtfd.io

1: Sigma+

Sigma(1385)~-
Sigma(1660)~-
J/psi(1S) ——  Sigma(1670)~-
Sigma(1750)~-

Sigma(1775)~- 0: KO
Sigma(1910)~-

2: p~

N(1440)+
N(1520)+
N(1535)+
N(1650)+
N(1675)+
N(1700)+
N(1710)+
N(1720)+

J/psi(1S) ——

0: KO
1: Sigma+

0: KO
K(1)(1650)~0
Jpsi(1S) ——  K(2)(1770)~0

K(2)(1820)~0 )
K*(1680)~0 1: Sigma+

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

compwa-admin@epl.rub.de
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QRules

Automated quantum number conservation rules

The returned object contains all information to formulate an amplitude model!
reaction = grules.generate transitions(
lnsieloll pietesTuiost (1307, Selecte concervation rules
final state=["KO", "Sigma+", "p~"],
allowed interaction types=["strong"], (—/
) & launch | binder | €O open in Colab |
=20 0: K0[0] 1=(1, 0) 2: p~[+1/2]
Jipsi(18)[-1] s=(1,0) —R(1)(1630)~0[0] Jpsi(1S)[+1] s=2,-1) —N(1675[+372]
Pl T— 0 P~ m— 2o
s=(0, 0) 1: Sigma+[-1/2] s=(1/2, -1/2) 0: KO[0]
P=-1 P=+1
\ \
2: p~[-1/2] 1: Sigma+[+1/2]
1=(1, 0) 0: KO[0] . 1=(2, 0) 2: p~[+1/2]
Tpsi(1S)[-1] s=(2.0) —R2)(1820)~0[0] psiS)I+1] b D TR0+ 12
Pl T—— ke TT—— =00
s=(0, 0) 1: Sigma+[-1/2] s=(1/2, -112) 0: K0[0]
P=-1 P=+1
\ \
2: p~[-1/2] 1: Sigma+[+1/2]
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ampform.rtfd.io

AmpForm

Symbolic amplitude model formulation | © = *- =

matrix = RelativisticKMatrix .formulate (

n_channels =1,

n_poles=n,

e Library of spin formalisms and dynamics )

matrix [0, O]

e Formulate QRules' state transitions T(s)72 m
p(8) R —aper

as an amplitude model R=1  —st+mi,

. ng T&VhomR
m —ip (8) DRy ——sqmz— + 1
® Models are formulated as R=1" —gym?

algebraic expreSSionS (Sym Py CAS) matrix = NonRelativisticKMatrix .formulate (
n_channels =2,
n poles=1,
) .doit ()

matrix [0, 0].simplify () QGEOMEILLCES

] co_open in colab |
2
L1070

: 2 : 2 2
s+l 077 0m + il Y — my
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ampform.rtfd.io

AmpForm e o
Symbolic amplitude model formulation Do /" A0)1450)0

a(0)(980)0

Example
Building an amplitude model for D° — K° K~ K* with 3 resonances ) K
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 () & aunch PITIR
2

A Doy K06(1020)0:6(10200— kg T AD8—KBan (1450)%a0(1450)9— i Ky T A D8 KDan (980)3:a0(080)0— K K

1. Select parametrization for each resonance \

2.  AmpForm takes care of spin (helicity formalism) (aTeX generated
3. Resulting amplitude model expressed symbolically éﬂ the framework!
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AmpForm o
Symbolic amplitude model formulation DO a(0)(1450)0

T\ a(0)(980)0
Expression of each amplitude can be further inspected:

some_amplitude = model.components|
R"A_{D"{0}_{0} \to K"{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K"{+}_{0} K~{-}_{0}}" 2: K+
]

CD°—>K(§’¢(1020)0;¢(1020)—>K0+K0‘ L p(1020)Mep(1020) \/B% (dé(1020)4%22 (m%z) ) D8,o (=P142,0142,0) D(l),o (—¢1,1+2, 01,142, 0) (\

2 2 . 2
—myy + My 020y img1020) 1020 (m12)

_________ _ \ Spin formalicm

Dynamics
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AmpForm o
Symbolic amplitude model formulation DO a(0)(1450)0

T\ a(0)(980)0
Expression of each amplitude can be further inspected:

some_amplitude = model.components|
R"A_{D"{0}_{0} \to K"{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K"{+}_{0} K~{-}_{0}}" 2: K+

]

2 2 2 2 0 1
CD°—>K(§’¢(1020)0;¢(1020)—>K0+K0' 1—‘(]5(1020)"":]5(1020) \/Bl (d¢(1020)4122 (mlz) ) D()’o (_¢1+2a 91+2’ O) D(),() (_¢1,1+2, 01,1+2, O)

2 2 . 2
—myy + My 020y img1020) 1020 (m12)

\/EC N o T m di(lozo)quz(m%z) e (9 )
D~ K $(1020):(1020)~ K3 K #(1020)Mp(1020)4 [ 2 "5 "0y 1,142 P CAS con gva/aatg
- il m B} (45 a2, (m2)) p1os (m2,) .
_ $(1020) " (1020) L1 $(1020) 1122 12 122 12 _ m%z + mé(lozo) gaé—expkeg"/ohg

B} (‘%(1020) T2 (mi(IOZO) ) ) P10202 (mé(IOZO))
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AmpForm o
Symbolic amplitude model formulation DO a(0)(1450)0

T\ a(0)(980)0
Expression of each amplitude can be further inspected:

some_amplitude = model.components|
R"A_{D"{0}_{0} \to K"{0}_{0} \phi(1020)_{0}; \phi(1020)_{0} \to K"{+}_{0} K~{-}_{0}}" 2: K+

]

2 (2 2 2 0 1
CD°—>K(§’¢(1020)0;¢(1020)—>K0+K0' L p(1020)Mep(1020) \/Bl (d¢(1020>‘1122 (m12) ) Dy (=142, 0142,0) Dy (_¢1,1+2’ 01,142, O)

2 2 . 2
=M + My 000) — img(1020)I"1020 (m12)

5) 2 (2
d¢(1020)‘1122(”’12)

COS 911 2
dh1020) 05 (M) +1 ( o )

\/ECD°—>K(?¢(1020)0 $(1020)>KF K, Iﬂ<l>(1020)m¢(1020)

T (1020/M1020) BT (51020, 435 (m2,) ) 122 (m,) w4
- — 4, 1020
B} (d31020) @202 (31020 ) ) 210202 (M 1020 ) WAL

0.00354/m?, — 0.97 cos (0, 142)
: AmpForm provides
> » 0.27i(m2,-0.97) 2 ‘¢
\/0-33miy + 1 —mi; +1.0 — ————= cuggected parameter valves

m12<'"%+o.76>

— The ComPWA project — PANDA Seminar 13.12.2021

compwa-admin@epl.rub.de Remco de Boer (RUB)


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

ampform.rtfd.io

AmpForm

Symbolic amplitude model formulation

()
Original motivation: these expressions are actually
trees of fundamental mathematical operations! < < OERRCEY
= Template for faster computational software 1) Q) Coor) Crn)) (10) (o) ()
OIS ORI O O

i1 1020y M (1020) B | 0.76

By ((/Wm_'m(/f‘u;w:(’”f,‘; 120)) )

0'0035\/m cos (01,1+2) 1/4
3
T g 3
03omE, + 1| —n, + 10— S2rb09® ;
m12<%+0.76>
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AmpForm e

. . . a(0)(980)0
Symbolic amplitude model formulation W‘”/ LK

Expression tree modification example: substitute stable masses 2: K+

(o) CD°—>K8a0(1450)8;a0(1450)0—>K3'K0_ La(0)(1450)07a(0)(1450)0
S S _— T (mfgf(mlfmﬁz)(m%zf(mlﬂw)z) 3
S CLDAO) 0KAO)_(0) a_{0}14S0M0)_{0): a_{O}(14S0A(0) 0 KAH_(0) KAC)(0]) o Gamma a«»uuow <m aw)(msom D) @ *a(0)(1450)0™a(0)(1450)0 m2, A\ Ma(0)(1450)0 9 9
e KoL Ko - = M2 + M) (1450)0
(m2 ,(ml,mz)Z) (m2 *(m1+7n2)2) ¢
@ B (0)(1450)0 (0)(1450)0 maal
™a(0)(1450)0

<:”L:“}@j?w> 2 1 @ -1 1 (::GamTa a(O)(MiO){) ( ma(O)(I4iOW> @ @ @
G (& P CORRE CONDENCONE
Ctousson> (2 ) (o) (i) D XD, D,
Cotvason> (2 ) (o) (o) N COICORERKCIXCD) G D)
Gz > (=) () (o G (2 (4
Cu

(n) (n2)
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AmpForm e

. . . a(0)(980)0
Symbolic amplitude model formulation M L

Expression tree modification example: substitute stable masses

(o) CD°—>K8a0(1450)8;a0(1450)0—>K3'K0_ La(0)(1450)0a(0)(1450)0

o " (m§2—(m1—m,z)z)(m%zf(m]+'m,2)2) —
L CLDNO 0 K01 (0] (0)(14SDA0]_0):(0)(14S0N0) o K[+ (oxx« S Gmma <o)u4so>o <m (0)(|450;0 D) @ ! a(0)(1450)0™a(0)(1450)0 m2, a(0)(1450)0

. (mZ(o)(Mao)o’("‘l "”2)2) (mZ(O)(1450)0’("“ 1 *"‘2)2)
™a(0)(1450)0

—my + M2 0 (115000

O o
<//I;LEKOJK 145000 D) 2 E @ 1 1 ¢ Gamma_a(0)( |450;6"> (;um)( |450k§> @ @ @
(o)
ah N o JoR: Gole ot
(;.Ln(m(mso;o\ > (2 @ @ @ @
C m_a(0)(1450)0 D) 2 @ @ @ @ \\/m_IQ/\\ 2
<"', 1500 T 0145000 o (o)
maO)14500 ) (2 1 Cmaoaason > (2 Bl (mi2) (2 Bl (mn) (2 -

Substitute analytically 4 @ & @& @ &
with kaon macsces 7 .
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ampform.rtfd.io

AmpForm e

. . . a(0)(980)0
Symbolic amplitude model formulation W LK

Expression tree modification example: substitute stable masses

CDoﬁKgag(1450)8;ag(1450)0~>K6r Ky Fa(O)(1450)0777«z(0)(1450)0

C(DMO) 10 KMOJ_{0] a_{0}(1450)°(0}_{0}: a_{0}(1450)1(0} wKMTL@KA(Iwi)r:""”

- L a(0)( lA501\:\::: > : :Ijl,a(ﬂ)( msoui j

iFa(O)(1450)0ma(0)(1450)0\/70*97+m%2 \/mz(o)(mso)o
- 2
\/70.9 (+ma(0)(1450)0\m12\

2 2
= Maz + M 0)(1450)0

Other use cases: ot 2 o> oo

e Couple parameters :
® Insert background expressions Cooine™ (2 (o)
* .. TR RN FCORE

® Substitute fixed parameters

e Collapse constant sub-trees (caching) CAS collapses cub-trees

= Transparency, flexibility and optimized computations
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ampform.rtfd.io

AmpForm

Symbolic amplitude model formulation

New feature: helicity angles computed symbolically from four-momenta

model.kinematic variables[theta 1 12].doit ()

Eacier to implement
cpin alignment ete.

0| B. iz R, (-0 (p12)) R. (—¢ (p12)) ;1
( (E(plz)

model.kinematic variables[theta 1 12].doit()

‘ CC.« Open in Colab

@ launch |binder

B (YE T ) Ry (acos (b8 ) R (- atang () 2 (1) 1) 3

axisl (p12)[ 1: }

1
¢2m1 (VE T ) Ry (= acos (22— ) ) R (- atane () 2 () D) 1

acos
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

e \ectorization
® Just-in-time compilation
® XLA (Accelerated Linear Algebra)

e Automatic differentiation
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

® \ectorization aiy Q2 - Aip bi1 b - blp
. oL g1 Q22 -+ d2p bor  bay - -- b2p
® Just-in-time compilation c=ab=
® XLA (Accelerated Linear Algebra) (Gm1 Gm2 0 Gmn| [bn bp2 cee b
e Automatic differentiation
c =[] for (i 0; i rows; i++): {
o for (j 0; j columns; j++): {
O o e eniED b c[i1[3] = alil[31*bI1][];
c.append(al[i]l*b[i]) }
}
=a *b —/ Ly
D _C/ya Heavy lifting by
ata arrays oo
4 optimized backend
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

e Vectorization
® Just-in-time compilation
® XLA (Accelerated Linear Algebra)

e Automatic differentiation

def my expression(x, y, z): @tf.function(jit compile=True)
return x + y * z def my expression(x, y, z):
t + oy *
Data arvayy ———— S 3 6
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

e Vectorization
® Just-in-time compilation
® XLA (Accelerated Linear Algebra)

e Automatic differentiation

...01101000101
def my expression(x, y, z): @tf.function(jit compile=True)
return x + y * z def my expression(x, y, z):
4+ *
Data arvayy ———— S 3 6
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Python is slow, but optimized backend libraries offer:

f(Xl,Xz)

e Vectorization
® Just-in-time compilation
® XLA (Accelerated Linear Algebra)

e Automatic differentiation

f(x1,29) = T129 + sin(xq)
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TensorWaves

Fit and generate data with multiple computational back-ends
Python is slow, but optimized backend libraries offer: ‘:”
’ N#7 NumPy

® \ectorization

- 4
) 4

y &
® Just-in-time compilation
s
® XLA (Accelerated Linear Algebra)

e Automatic differentiation

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

Numba
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends
TensorWaves responsibilities: ‘:’i

NZ7 NumPy

e Express mathematical expressions in a computational back-end

4

® Generate (deterministic) amplitude-based Monte Carlo samples £

e Perform unbinned fits with different back-ends

y &
vy
V4

(TensorFlow, NumPy, JAX, ...)
e Also integrates different optimizers (Minuit2, SciPy, ...)

[—Any symbolic input
function = create parametrized functiorlexpression, parameter defaults backend="jax")

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

minuit2 = Minuit2(callback=CSVSummary("fit traceback.csv")) Numba

fit result = minuit2.optimize(estimator, initial parameters CO | Open in Colab
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TensorWaves
Fit and generate data with multiple computational back-ends

PS<

hy is this nice? -
Why is this nice N:: NumPy

e Outsource heavy computations to specialized packages

from the machine learning and data science Sab
e Get support for GPUs, multithreading, etc. for free w
® Separate physics from the ‘number crunching’

® Easily integrate other upcoming back-ends

[—Any symbolic input
function = create parametrized functiorlexpression, parameter defaults backend="jax")

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

minuit2 = Minuit2(callback=CSVSummary("fit traceback.csv")) Numba

fit result = minuit2.optimize(estimator, initial parameters CO | Open in Colab
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tensorwaves.rtfd.io

TensorWaves
Fit and generate data with multiple computational back-ends

Does it work? JAX+Minuit2 example benchmark: Negative |6g likeliloed
© —10000 {
Intel Core i7-8750H CPU @ 2.20GHz 12 cores 56s -20000
. © ~30000]
GeForce GTX 1050 Mobile GPU @ 1.35GHz 47s :
© —40000
Tesla K80 GPU (Colab) 15s Barameteryalues
Intel Xeon CPU @ 2.20GHz 1 core (Colab) 3m20 ﬁ::——»———: oo
1. S —— Mgo)1370)
0 0 ...... £(0)(500) _Fv: M0)(1500)
it E = (oo [ B =
: : (0)(1500) —— Troy980)
...... £(0)(1710) — Troya710)
data 0.51
1 model 4‘:’_’—?!::—/__——*
data: 10° optimice S - 0.0 r Bl
phSpZ 106 ,barameterf m;,a in Colab
parameters: 8 : 0 100 200 300 400 500

nodes: 3,232 : function call

05 1.0 15 2.0 25 30
Mpopo [GeV]
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(aunch interactive examples
~ Pole parametrization

Documentation
Narrow the gap between code and theory

hese matrix definitions, the final challenge is
= a correct parametrization for the elements of

N P that accurately describes the resonances we

There are several choices, but a common

All packages come with well-maintained websites: n . ollowing summation over the poles R:4]
i — N 9RiGRG |
e Extensive explanations of implemented physics x ﬁ() | (/) »
e Thoroughly integrated with codebase = \;&,—J{\m &
e Continuously tested: links and code examples won'’t breﬁqkﬂe g
® Run demos directly from the browser TS R HNTSIBE
e Kind of an interactive book 9R; = TRy /mATR;

(15)

9Ri(8) = YR, V mpl'r;(s)

(see Executable Book Project)

some real constants and F‘I)? ; the partial
f each pole. In the Lorentz-invariant form, the
th T is replaced by an “energy dependent”

I'(s).1°! The width for each pole can be
lasT% =Y. 19

441" Ryi”

iction vector P is commonly parameterized

i= Contents

| Physics
Partial wave
expansion

Transition
operator

Ensuring unitarity

Lorentz-
invariance

Production
processes

Pole
parametrization

Implementation

Interactive
visualization

[4] Egs. (75-78)
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Code ® sit Python 3 (ipykernel) O &

compare this with a sum of two &

D Ocu m e ntati o n : ” ”‘: wigner s, now with the two additional f-constants.
Narrow the gap between code and theory h

I pim pm

All packages come with well-maintained websites: - e
[ieymye'? Tycomyei®2
_ _ _ ] (e T ) () (o (s Ty )
e Extensive explanations of implemented physics
e Thoroughly integrated with codebase B et
. . < E|} g 1
e Continuously tested: links and code examples won’t break 4
e Run demos directly from the browser im A (P-vecton) e
e Kind of an interactive book i .
£
(see Executable Book Project)
I
Im A (Breit-Wigner) 71
z-cutoff
g s-plane plot @ imag
£ O real
O abs
€ Idle Saving completed Mode: Command & Ln1,Coll k-matrix.ipynb
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Djects

P W Q S fl a r Pa e S r projects are specifically designed to do amplitude
‘ ' VV e g rom file and can be updated here.

Interactive knowledge-base for PWA theory-and softwaresne Lsest e eyon cuda

commit

/ 2018 11/2021 v

= Spin-off project: PWA Pages (pwa.rtfd.io) 2011 1172021

2012 06/2020 v

v v

2020 12/2021 v

® Intended as a guide through the main
ingredients of Partial Wave Analysis

2012 05/2018 v

e Easily navigate to literature and existing PWA software* 2011 ‘

. . 2016 10/2021 v v
® Currently skeletal: infrastructure is there e e .
and easy contribute to 2013 7

2016 01/2020 v

® No need to know HTML, CSS, etc.

/ 2010 v
Welcome to include or reference your PWA project! S T——
2016 11/2021 v
*See also
/ 2019 11/2021 v

compwa-admin@epl.rub.de Remco de Boer (RUB) — The ComPWA project — PANDA Seminar 13.12.2021


https://www.ruhr-uni-bochum.de
https://compwa-org.readthedocs.io/en/stable/about.html
mailto:compwa-admin@ep1.rub.de
https://pwa.readthedocs.io/software.html#software-inventory
https://pwa.readthedocs.io
https://indico.cern.ch/event/1094888/

compwa-org.rtfd.io

Code quality and Developer Experience

Long-term maintainability:

® Getinvolved with just a few commands
e Automated coding conventions
e Reproducibility in each commit:
pinned dependencies and permanent links
e Continuous benchmark monitoring
e Self-documenting code (typed libraries)
e Documentation as integration tests

Anyone is welcome to contribute!
compwa-org.rtfd.io/en/stable/develop.html
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compwa-org.rtfd.io

Code quality and Developer Experience

Long_term maintainability: python3 -m pip install tensorwaves

Y Get involved W|th just a few Commands éThis installs the latest, stable release that you can find on the stable branch.
e Automated coding conventions : [ —— v

® Reproducibility in each commit: o i il

To start developing, simply run the following

pinned dependencies and permanent links

from a cloned repository on your machine:

e Continuous benchmark monitoring _
e Self-documenting code (typed libraries) b
® Documentation as integration tests '

conda env create
conda activate ampform
pre-commit install

Anyone is welcome to contribute!

See Virtual environment for more info.
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Long-term maintainability:

® Get involved with just a few commands
e Automated coding conventions
® Reproducibility in each commit:
pinned dependencies and permanent links
e Continuous benchmark monitoring
e Self-documenting code (typed libraries)
® Documentation as integration tests

Anyone is welcome to contribute!

Code quality and Developer Experience

compwa-org.rtfd.io

$ pre-commit run -a

Check hooks apply to the repository.................
Check: for useless ‘excludes v « s o & swwe & swwn ¢ sws o &
Chieck. DULDON @S co . 5 walsir & sivmn 4 Sibies b & wsmm & soalnm & sl 4 »
Check for case conflicts: vvs v iwwn o v vwvn o s v swae v«
CheCke JSON:rigine «-syiumne diuysonrs oxensee s nczitens o sEawsEs sEapEeoRe & GyiEawer o
Check Tor merge ConfliCts i iinssionssansisassine
Check: TOMLasns ¢ o o s & womms o onms & & e & SEs & Sws o 8
Check: ¥e5 PRFRALUNKS waive o wrcwa o wim a x xnvm w exnn s s o
Check: Yaml w.nm s sans 5 sanis o soms 3 woms & 8 e o S5 5 Sa09 5 8
Debug Statements (PYEhoN) e « vwriven o wvene o wmvore o sworare w9
FIX ENd of Filles... oo iiiiniiinnniinenennennnnnnns
Mixed line endinG..: s«vws v swws v owws o v vows o cwws v owve v
Trim Trailing Whitespace.......covvviiiiiinnnennnnnns
Check developer config files in the repository......
Set nbformat minor version to 4 and remove cell IDs.
Format setup.Cfg... i ittt iiiennennneanenn
Check whether notebook contains a pip install line..
DI e sigae msiictos Jo-.iieainnes Ametisaaseme onssthas. o SKRfme s SXRSAET ks e o) gt e
blacken-doCS . & sumwn pasnn s dens 5 iene s s ooes o vans 5 S5 5e
ESPELLinis s srvvvrs o vwws & svassis & SOREa & SWATE B & BEATS & SR § PG S §
Check .editorconfig rules.......vvvviiiiinnnennnnnnn
LBOTTE vanis ¢ vams 5 waws » 5ais & Sons § $o5S 5 ¥ UAES § AR 7 sans 3 ¢
MARKIOWRIUNTE . cxcunne. vnasretninte cosxsuis. o skabisione o ixfose snaiiine oo Sxagous. ss
nbaa-BLACK sman 5 saom s asnn § ans § SN 5§ SAER EENEE § SnE 16
nbqa=Tlake8u:s « wwws v i o s s wwnws 5 & vomms & sews o e s 8
215 Yo = T Y o PP
NDqa-pyUPOTAde: cous s sanis s wons 5 w505 5 ¥ e & Haes § waws & o
NDSEEUPOUL nrine v siosave v simsore v suszase. v BsiTe .51 sU6Toe. 51 wERYGHe ot SHOFRLE. 5 51
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compwa-org.rtfd.io

Code quality and Developer Experience

py3.8.txt (FO5903F) «— py3.8.txt (8135732) .../.constraints

nbformat==5.1.3 nbformat==5.1.3

Long'term malntalnablllty: nest-asyncio==1.5. nest-asyncio==1.5.1
nodeenv==1.6.0 nodeenv==1.6.0
. i i notebook==6.4.5 notebook==6.4.5
® Get involved with just a few commands — numpy==1.20%3 + numpy==1.21.4
) . packaging==21.2 packaging==21.2
e Automated coding conventions pandocfilters==1.5  pandocfilters==1.5.0
o, X . parso==0.8.2 parso==0.8.2
e Reproducibility in each commit: particle==0.16.2 particle==0.16.2
. . . pathspec==0.9.0 pathspec==0.9.0
pinned dependencies and permanent links pep517==0.12.0 pep517==0.12.0
pep8-naming==0.12; pep8-naming==0.12.1
e Continuous benchmark monitoring pexpect==4.8.0 pexpect==4.8.0
pickleshare==0.7.5 pickleshare==0.7.5
e Self-documenting code (typed libraries) pillow==8.4.0 pillow==8.4.0
pip-tools==6.4.0 pip-tools==6.4.0
) Documentatlon as Integratlon tests platformdirs==2.4. platformdirs==2.4.0
pluggy==1.0.0 pluggy==1.0.0
pre-commit==2.15.0 pre-commit==2.15.0
H H prometheus-client= prometheus-client==0.12.0
Anyone IS Welcome tO ContrIbUte! prompt-toolkit==3. prompt-toolkit==3.0.22
ptyprocess==0.7.0 ptyprocess==0.7.0
py==1.11.0 1 py==1.11.0
pybtex==0.24.0 pybtex==0.24.0
5 e Iﬁt = Er i | 1 o1
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Code quality and Developer Experience

=== benchmarks/expression. py::test_fitf1000-Minuit2-numba]

Long-term maintainability:

iter/sec

® Get involved with just a few commands

A A A 0 . 3 9
o E qa“eoa 121{& ac\(;ﬂ ‘ﬂam“ 663\;\{5 f)e\lae “6596‘3

B

commit

. Automated COding CO nve ntions === benchmarks/expression.py::test_fitf1000-Minuit2-tf]
® Reproducibility in each commit: e

iter/sec

pinned dependencies and permanent links
e Continuous benchmark monitoring m2

0
5 3 A A $ 0 Q 2 9
O 6 @ 00 0P T b o8P 0% oe®

e Self-documenting code (typed libraries)

=== benchmarks/expression.py::test_fit[1000-ScipyMinimizer-jax]

Documentation as integration tests

Anyone is welcome to contribute! L

See cse argument in
https://docs.sympy.org/latestmodules/utilities/lambdify.html#sympy.utilities.lambdify.lal

2021-12-06T12:24:35+01:00 committed by @web-flow

W 5.171655938642702 iter/sec (stddev: 0.004155445011727229)
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,"\,'UA:*pemlentwidth(s: Symbol, mass@: Symbol,
): Symbol, m_a: Symbol, m_b: Symbol,
~_momegtum: Symbol, meson_radius: Symbol,

Code quality and Developer Experrence====_,

Bases: ampform.sympy.UnevaluatedExpression

v

Mass-dependent width, coupled to the pole position of the
resonance.

See PDG2020, §Resonances, p.6 and [11], equation (6). Default

Long-term maintainability:

value for phsp_factor is PhaseSpaceFactor().

Note that the BlattWeisskopfSquared of AmpForm is

H H H - normalized in the sense that equal powers of z appear in the
® Get involved with just a few commands Sy g
nominator and the denominator, while the definition in the PDG
. . (as well as some other sources), always have 1 in the nominator
o AUtO m ate d COd I ng CO nve nt I O n S v of the Blatt-Weisskopf. In that case, one needs an additional

- factor (g/q0)?~ in the definition for I'(m).

e Reproducibility in each commit: o -
With that in mind, the “mass-dependent” width in a
pl nn ed de pen d en Cles a nd pe rmane nt | | n kS relativistic_breit_wigner_with_ff becomes:
ToB3 (¢* (s))p (s)
F(; (9) =

Ba e @

e Continuous benchmark monitoring
e Self-documenting code (typed libraries) where BY s defined by (1), q is defined by (2), and pis (by

default) defined by (4).

e Documentation as integration tests

SpaceFactor(s: Symbol, m_a: Symbol, m_b:

Anyone is welcome to contribute! symbot, +*hints: Any) Lsouree
compwa-org.rtfd.io/en/stable/develop.html I SN L e

BreakupMomentumSquared().

See PDG2020, §Resonances, p.4, Equation (49.8).
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Summary — Key ComPWA features

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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il Documentation Code quality
: Narrow the gap -between theory and code with Academic continuity through c
renced, interactive documentation
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compwa-org.rtfd.io

Modularity Scalability
Separate libraries that facilitate common Taylor to the growing number of
procedures in amplitude analysis \ _ computational frameworks from industry

. 4
D
Documentation Code quality o
Narrow. the gap-between theory and code with Academic continuity through careful design;,
well-referenced, interactive documentation automated QA, and self-documenting code

@Aﬁ}f‘ yev Q our atfentio
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