
HEP Model Initiative

Misha Mikhasenko, Remco de Boer, Ilya Segal (Ruhr Uni Bochum), Anton Poluektov (CPPM, Marseille)

Hadronic Cascade Decays in JSON



Preview
75 decay chains, 11 resonances

{"distributions":[{"name":"default_model","type":"HadronicUnpolarizedIntensity","decay_description":{"kinematics":{"initial_state":{"index":0,"name":"Lc","spin":"1/2","mass":2.28646},"final_state":
[{"index":1,"name":"p","spin":"1/2","mass":0.938272046},{"index":2,"name":"pi","spin":"0","mass":0.13957018},{"index":3,"name":"K","spin":"0","mass":0.493677}]},"reference_topology":[[3,1],2],"chains":[{"propagators":[{"spin":"1/2","node":
[3,1],"parametrization":"L1405_Flatte"}],"weight":"7.38649400481717+1.971018433257411i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"+","node":
[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L1405"},{"propagators":[{"spin":"1/2","node":[3,1],"parametrization":"L1405_Flatte"}],"weight":"-3.2332358574805515+2.2557724553615772i","vertices":[{"type":"helicity","helicities":
["-1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L1405"},{"propagators":[{"spin":"3/2","node":
[3,1],"parametrization":"L1520_BW"}],"weight":"3.605175244894445+0.5435267843818713i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":[[3,1],2],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["0","1/2"],"parity_factor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":[[3,1],2],"name":"L1520"},{"propagators":[{"spin":"3/2","node":
[3,1],"parametrization":"L1520_BW"}],"weight":"-1.9704378756874323+18.379565942050206i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["0","1/2"],"parity_factor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":[[3,1],2],"name":"L1520"},{"propagators":[{"spin":"1/2","node":
[3,1],"parametrization":"L1600_BW"}],"weight":"10.062771632071723-1.2160303664881582i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"-","node":
[3,1],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[3,1],2],"name":"L1600"},{"propagators":[{"spin":"1/2","node":[3,1],"parametrization":"L1600_BW"}],"weight":"-6.987335732146143-4.449911731331869i","vertices":
[{"type":"helicity","helicities":["-1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[3,1],2],"name":"L1600"},
{"propagators":[{"spin":"1/2","node":[3,1],"parametrization":"L1670_BW"}],"weight":"-0.24012285628923374-0.10230279488850731i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":[[3,1],2],"formfactor":""},
{"type":"parity","helicities":["0","1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L1670"},{"propagators":[{"spin":"1/2","node":
[3,1],"parametrization":"L1670_BW"}],"weight":"-0.40374241570833247+0.7154739757283278i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":
["0","1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L1670"},{"propagators":[{"spin":"3/2","node":[3,1],"parametrization":"L1690_BW"}],"weight":"-1.5899154261176556-0.4543210160355851i","vertices":
[{"type":"helicity","helicities":["-1/2","0"],"node":[[3,1],2],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":["0","1/2"],"parity_factor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":
[[3,1],2],"name":"L1690"},{"propagators":[{"spin":"3/2","node":[3,1],"parametrization":"L1690_BW"}],"weight":"-11.25382439169629-1.4573757648967332i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":
[[3,1],2],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":["0","1/2"],"parity_factor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":[[3,1],2],"name":"L1690"},{"propagators":[{"spin":"1/2","node":
[3,1],"parametrization":"L2000_BW"}],"weight":"-3.0661953154540726-2.684313105886122i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"+","node":
[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L2000"},{"propagators":[{"spin":"1/2","node":[3,1],"parametrization":"L2000_BW"}],"weight":"-5.667359734940468-5.38391527459506i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":
[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}],"topology":[[3,1],2],"name":"L2000"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1232_BW"}],"weight":"-10.91657692017265+4.915067165836356i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[1,2],3],"name":"D1232"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1232_BW"}],"weight":"-20.916449737345527+7.29308576054982i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[1,2],3],"name":"D1232"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1600_BW"}],"weight":"10.394484212696474-2.8494349466419946i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[1,2],3],"name":"D1600"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1600_BW"}],"weight":"6.134820509903093-0.9138426164937006i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[1,2],3],"name":"D1600"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1700_BW"}],"weight":"-29.25264941105087-4.044389587266232i","vertices":[{"type":"helicity","helicities":["-1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"-","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":[[1,2],3],"name":"D1700"},{"propagators":[{"spin":"3/2","node":
[1,2],"parametrization":"D1700_BW"}],"weight":"-36.28747656529877-5.93484672030687i","vertices":[{"type":"helicity","helicities":["1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_l1"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"-","node":[1,2],"formfactor":"BlattWeisskopf_resonance_l2"}],"topology":[[1,2],3],"name":"D1700"},{"propagators":[{"spin":"0","node":[2,3],"parametrization":"K700_BuggBW"}],"weight":"0.068908+2.521444i","vertices":
[{"type":"helicity","helicities":["0","1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":[2,3],"formfactor":""}],"topology":[[2,3],1],"name":"K700"},{"propagators":[{"spin":"0","node":
[2,3],"parametrization":"K700_BuggBW"}],"weight":"-2.68563+0.03849i","vertices":[{"type":"helicity","helicities":["0","-1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":
[2,3],"formfactor":""}],"topology":[[2,3],1],"name":"K700"},{"propagators":[{"spin":"1","node":[2,3],"parametrization":"K892_BW"}],"weight":"1.7222349176997693-1.481361689419436i","vertices":[{"type":"helicity","helicities":["-1","-1/2"],"node":
[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":[2,3],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[2,3],1],"name":"K892"},{"propagators":[{"spin":"1","node":
[2,3],"parametrization":"K892_BW"}],"weight":"-1.0500585346397064-6.000208435743097i","vertices":[{"type":"helicity","helicities":["0","1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":
[2,3],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[2,3],1],"name":"K892"},{"propagators":[{"spin":"1","node":[2,3],"parametrization":"K892_BW"}],"weight":"1.4440841024000803+0.0i","vertices":[{"type":"helicity","helicities":
["0","-1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":[2,3],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[2,3],1],"name":"K892"},{"propagators":[{"spin":"1","node":
[2,3],"parametrization":"K892_BW"}],"weight":"-4.536512227148323-4.755961023685448i","vertices":[{"type":"helicity","helicities":["1","1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":
[2,3],"formfactor":"BlattWeisskopf_resonance_l1"}],"topology":[[2,3],1],"name":"K892"},{"propagators":[{"spin":"0","node":[2,3],"parametrization":"K1430_BuggBW"}],"weight":"-6.71516+10.479411i","vertices":[{"type":"helicity","helicities":
["0","1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":[2,3],"formfactor":""}],"topology":[[2,3],1],"name":"K1430"},{"propagators":[{"spin":"0","node":
[2,3],"parametrization":"K1430_BuggBW"}],"weight":"0.219754+8.741196i","vertices":[{"type":"helicity","helicities":["0","-1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["0","0"],"parity_factor":"+","node":
[2,3],"formfactor":""}],"topology":[[2,3],1],"name":"K1430"}],"appendix":{}},"variables":[{"node":[3,1],"mass_phi_costheta":["m_31","phi_31","cos_theta_31"]},{"node":[[3,1],2],"mass_phi_costheta":
["m_31_2","phi_31_2","cos_theta_31_2"]}],"parameters":[]}],"functions":[{"name":"L1405_Flatte","type":"MultichannelBreitWigner","mass":1.4051,"channels":[{"gsq":0.23395150538434703,"ma":0.938272046,"mb":0.493677,"l":0,"d":0},
{"gsq":0.23395150538434703,"ma":1.18937,"mb":0.13957018,"l":0,"d":0}]},{"name":"L1690_BW","l":2,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.69,"ma":0.493677,"width":0.07},
{"name":"D1232_BW","l":1,"mb":0.13957018,"type":"BreitWigner","d":1.5,"mass":1.232,"ma":0.938272046,"width":0.117},{"name":"L1520_BW","l":2,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.518467,"ma":0.493677,"width":0.015195},
{"name":"L1600_BW","l":1,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.63,"ma":0.493677,"width":0.25},{"name":"L2000_BW","l":0,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.98819,"ma":0.493677,"width":0.17926},
{"name":"D1600_BW","l":1,"mb":0.13957018,"type":"BreitWigner","d":1.5,"mass":1.64,"ma":0.938272046,"width":0.3},{"name":"D1700_BW","l":2,"mb":0.13957018,"type":"BreitWigner","d":1.5,"mass":1.69,"ma":0.938272046,"width":0.38},
{"name":"K892_BW","l":1,"mb":0.493677,"type":"BreitWigner","d":1.5,"mass":0.8955,"ma":0.13957018,"width":0.047299999999999995},{"name":"K700_BuggBW","slope":0.94106,"type":"BreitWignerWidthExpLikeBugg","mass":0.824,"width":0.478},
{"name":"K1430_BuggBW","slope":0.020981,"type":"BreitWignerWidthExpLikeBugg","mass":1.375,"width":0.19},{"name":"L1670_BW","l":0,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.67,"ma":0.493677,"width":0.03},
{"name":"BlattWeisskopf_resonance_l1","type":"BlattWeisskopf","radius":1.5,"l":1},{"name":"BlattWeisskopf_resonance_l2","type":"BlattWeisskopf","radius":1.5,"l":2},
{"name":"BlattWeisskopf_b_decay_l1","type":"BlattWeisskopf","radius":5.0,"l":1}],"domains":[{"name":"default","type":"product_domain","axes":[{"name":"cos_theta_12","min":-1.0,"max":1.0},{"name":"phi_12","min":-3.14,"max":3.14},
{"name":"m_12","min":1.0,"max":5.5},{"name":"cos_theta_12_3","min":-1.0,"max":1.0},{"name":"phi_12_3","min":-3.14,"max":3.14},{"name":"m_12_3","min":1.0,"max":5.5}]}],"misc":{"amplitude_model_checksums":
[{"name":"validation_point","distribution":"default_model","value":9345.853380852355}]},"parameter_points":[{"name":"validation_point","parameters":[{"name":"cos_theta_31","value":-0.2309352648098208},{"name":"phi_31","value":0.0},
{"name":"m_31","value":1.9101377207489973},{"name":"cos_theta_31_2","value":0.0},{"name":"phi_31_2","value":0.0},{"name":"m_31_2","value":2.28646}]}]} 

…
…



INTRODUCTION



Excited baryons
Need for input

• Understanding 
1P multiplet “bad diquark” 
requires spin assignment 

•  
allows spin-parity determination 

• If amplitude  were known, JP are separable
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Other reasons preserving models

• Reproducibility and Open Science 
"More than 70% of researchers have tried and failed to reproduce another scientist's experiments”, Nature Survey, 2016 
“We have tried implementing past amplitude analysis from papers many times, and have never succeeded. 
It’s impossible, do not even try”, Jonas Rademacker, 2024 

• Correctness/Validity check for new Frameworks 
Many frameworks: 4 in COMPASS, ~10 in LHCb 
Every PWA research implements it own framework, it’s ok. We need to have a way to validate it 

• Inference from amplitude analysis results 
Get something not computed in original paper (parity violation / pole positions, couplings) 

• Integration with Monte Carlo (MC) generators 

• Benchmark of frameworks and new computational devices 
GPU/TPU speed up? jax is fast or not? does one need autodiff? 

2016 Nature Survey

RIVETMODEL (MISSING) 

https://www.nature.com/articles/533452a


Note on correctness
Dalitz plot decomposition

• 2pi azimuthal rotations is easy to screw,  
critical for baryons 

• Dalitz-plot decomposition [PRD101(2020)] solves 
the problem by factoring (removing) azimuthal  
rotations for three-body decays (only) 

• Particle ordering might be an issue, [CPC45(2021)]  

• Identical particle symmetrization can be cumbersome [PRD104(2021)] 

Wigner azimuthal rotation is 2pi-discontinious. 
See a talk by Kai Habermann (Mo, 20h45 CET) 

Aλ;…(variables) = ∑
λ′￼

Dj
λ,λ′￼

(angles) Oλ′￼;…(invariants)

https://inspirehep.net/literature/1758460
https://inspirehep.net/literature/1835597
https://inspirehep.net/literature/1861567
https://indico.jlab.org/event/739/contributions/14316/


DECAY DESCRIPTION



Kinematics
Phase space parametrization

• n-body decay needs 3n-10 variables 
(+3 for polarization) 

• A topology can be used to specify the choice 
- (mass, theta, phi) for every node 

• reference_topology must be given specified 

• By our convention: reference topology is used for spin alignment 
- no Wigner rotations for chains with reference topology

theta

phi

mass



• distribution (pdf):  

• unpolarized 

• polarized  

• model_description: 
array of chains

Decay model
Decay chains

I(τ) = ∑
{λ}

|A{λ}(τ) |2

I(τ |P) = ∑
λ0,λ′￼0

ρλ0,λ′￼0
(P)

i!=0

∑
{λi}

A*λ′￼0;{λ}Aλ0;{λ}

A{λ}(τ) = ∑
i

Ai
{λ}(τ)

+

+

(

+…)



Decay chain
Topology and Nodes

λ1

λ2

λ3

λ4

λ5

λ0

λA

λB

λC

[[1, [2, 3]], [4, 5]]

[2,3]

[1, [2, 3]]

[4, 5]

[[1, [2, 3]], [4, 5]]

2 3

1 4 5[2,3]

[1, [2, 3]] [4, 5]

The chain gives prescription to every  

• verteces: 
{node, recoupling, form-factor} 

• propagators:  
{spin, parametrization} 

• topology



Decay chain
Vertices and propagators

• vertex: node, recoupling, form-
factor 

• propagator: spin, parametrization

Dj0*
λ0,λA−λC

HλA,λC
DjA*

λA,λ1−λB
Hλ1,λB

DjB*
λB,λ2−λ3

Hλ2,λ3
DjC*

λC,λ4−λ5
Hλ4,λ5

× PA(sA) PB(sB) PC(sC)

× Dj1
λ′￼1,λ1

(Rw
1 ) Dj2

λ′￼2,λ2
(Rw

2 ) Dj3
λ′￼3,λ3

(Rw
3 ) Dj4

λ′￼4,λ4
(Rw

4 ) Dj5
λ′￼5,λ5

(Rw
5 )

Ai
λ0;λ1,λ2,λ3,λ4,λ5

=

λ1

λ2

λ3

λ4

λ5

λ0

λA

λB

λC



Validation block
Reliability of implementation

• values of registered distributions at a 
phase-space point must match 

• Workflow when coding new model: 

1. produces validation values 

2. write json 

3. match 

• Fine-component validation [WIP] 

https://github.com/RUB-EP1/amplitude-serialization/pull/55


EXAMPLES



Webpage

• models/*.json: collection 

• docs/*.qmd: demo

[GitHub]

https://rub-ep1.github.io/amplitude-serialization/
https://github.com/RUB-EP1/amplitude-serialization


Examples-I
lb2pkg-lhcb-2765817

• Analysis of  baryons in 
 

• Search for pentaquarks 

• 74 decay chains 

• orbital momentum <= 6  

Λ
Λ0

b → pK−γ

LHCb-PAPER-2023-036 [3]

LHCb-PAPER
-2023-036 [3]

[LHCb-PAPER-2023-036]

https://inspirehep.net/literature/2765817


Example-II
lc2pkpi-lhcb-2683025

• 800k decays of  

• 26 decay chains with  

 
Example of inference: 

• model uncertainty (18 alternative models preserved) 

Λ+
c → pK−π+

Λ**, Δ**, and K**

[LHCb-PAPER-2022-002]
[LHCb-PAPER-2022-044]

https://inspirehep.net/literature/2683025
https://inspirehep.net/literature/2623821


Example-III
x2pipipi-compass-1391643

• Partial-wave analysis is performed of 
bins of m3pi x t’ (100 * 10 bins) 

• Every analysis contains ~170 chains 
with JP in [0+, 1-, 1+, …] 

• decay 

[CERN-PH-EP-2015-233]

http://www.apple.com
https://inspirehep.net/literature/1391643


Implementation by frameworks
Reading and writing .json

• Start with three-body decays (~80% of all PWA) 

• Working with dynamic languages is simpler 
(TBDs.jl, ComPWA, TFA2, …),  

• but also possible with static 
(Laura++, AmpTool, PAWIAN, RootPWA) 

• Compatible with HS3 (ROOT)

(Forecast curtesy Ilya Segal)

http://hep-statistics-serialization-standard%20Public


EXPLORE. USE. PRESERVE



Internals
GitHub and CI

• GitHub hosts the collection of json files 

• Automatic running using Continuous Integration (CI) 

• Pixi fixes environment (Python / Julia versions) () 

• Quarto for mixing text and computation (no jupyter) 

• Scripts demoing reading model description, 
visualizing, computing


