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{"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" "spln"'"1/2","mass" 0.938272046},{"index":2,"name":"pi","spin":"0", "mass" '@.13957018},{"index": ,"'name" :"K","spin":"0", "mass" 0.493677}1},"reference topology"'[[3 11,2],"cha
(3, 1],"parametrlzatlon"'"L1405 Flatte"}],"welght"'"7 386494@@481717+1 971018433257411i","vertices": [{"type":"helicity","helicities": ["1/2","0"],"node":[[3,1],2],"formfactor":""}, {"type"'"parlty" "
[3,1]1,"formfactor":""}1,"topology":[[3,1]1,2],"name":"L1405"},{"propagators": {"spln"'"1/2","node"'[3 1],"parametrization":"L1405_ Flatte"}],"welght"'" -3. 2332358574805515+2 25577245536157721i" ,"verti
[”—1/2",“0"],"node".[[3,1],2],"formfactor":"“} {"type":"parlty","helicities":["0",“1/2"] "parity factor":"+","node":[3,1],"formfactor":""}],"topology": [[3,1],2],"name":"L1405"}, {"propagators":[{"s
[3,1],"parametrization":"L152®_BW“}],"weight":"3.605175244894445+@.54352678438187131","vertlces '[{"type":“helicity","helicities":[“—1/2","0"],"node":[[3,1],2],"formfactor":"BlattWeisskopf_b_decay
["o","1/2"],"parity_factor":"-","node": [3,1],"formfactor":"BlattWeisskopf_resonance_12"}],"topology":[[3,1],2],"name":"L1520"},{"propagators": [{"spin":"3/2","node":

[3, 1],"parametr12atlon"" 0 _BW"}1, "weight":"—1.9704378756874323+18.37956594205@2@61","vertices":[{"type":"helicity“,"helicities":["1/2","0"],"node":[[3,1],2],"formfactor":"BlattWeisskopf_b_deca
["0" "1/2"]1,"parity_factor":"-" "node 1 [3 ],"formfactor":“BlattWeisskopf_resonance_lZ"}],"topology":[[3,1],2],"name":“L1520"},{"propagators":[{"spin":"1/2“,"node":
[3,1],"parametrization":"L1600_BW“}],"welght":"1@.062771632@71723—1.216@3@36648815821" "vertices": [{"type":"helicity","helicities":["1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","h
[3,1]1,"formfactor":"BlattWeisskopf_resonance_11"}1,"topology":[[3,1],2],"name":"L1600"}, {"propagators"'[{"spln"'"1/2","node"'[3 11," parametrlzatlon"'"L16®@ BW"}],"welght"'" -6.987335732146143-4.449
[{"type":"helicity","helicities":["-1/2","0"],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":["0","1/2"],"parity_Tfactor":"-","node":[3,1],"formfactor":"BlattWeisskopf_resonance_11
{"propagators": [{"spin":"1/2","node": [3,1],"parametrization":"L1670 BW“}],"welght"'" -0.24012285628923374-0.102302794888507311", "vertices":[{"type":"helicity","helicities":["—1/2",“@"],"node":[[3,1],2],"formfactor":"“},
{"type":"parity","helicities": ["0","1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}1, "topology"'[[3 11,21, "name"'"L167®"},{"propagators":[{"spin":“l/Z","node":

[3, 1],"parametrization"'"L1670 BW"}1 ,"weight":"—@.40374241570833247+0.71547397572832781","vertices"' {"type"'"helicity“,"helicities":["1/2","0“],"node":[[3,1],2],"formfactor":""},{"type":"parity","helicities":

[”0","1/2“] 'parity_factor":"+","node":[3,1],"formfactor":""}1,"topology":[[3,1]1,2],"name":"L1670"},{"propagators": [{"spin":"3/2","node":[3,1],"parametrization":"L1690 BW"}],"weight":"-1.5899154261176556-0.45432101603558511","vertices":
[{"type"'“he11c1ty","he11c1t1es"'[" -1/2","0"],"node": [[3,11,2], "formfactor"'"BlattWelsskopf b_decay_11"},{"type":"parity","helicities":["0","1/2"],"parity_ factor":"—","node":[3,1],"formfactor":"BlattWeisskopf_resonance_lZ"}],"topology":
[[3,1],2],"name":"L1690"}, {"propagators"'[{"spln"'"3/2","node"'[3 1],"parametrization":"L1690_ BW"}],"welght"'" 11.25382439169629-1. 45737576489673321","vertlces '[{"type":"helicity“,"helicities :["1/2","0"],"node":

[(3,11,2], "formfactor"'"BlattWelsskopf_b_decay_ll"} {"type":"parity","helicities": ["0","1/2"],"parity_factor":"-","node":[3,1], "formfactor"'"BlattWelsskopf resonance_12"}],"topology":[[3,1],2],"' name"'"L169@"} {"propagators"'[{"spin"'"1/2" "node":

[3,1],"parametrization":"L2®®®_BW“}],"weight"'" -3.0661953154540726-2. 6843131058861221","vertices":[{"type":"helicity","helicities":["1/2","0"] 'node":[[3,11,21], "formfactor"'""} {"type"'"par1ty“,"he11c1t1es"'["0" "1/2“],"par1ty factor":"+" "node :
[3,1],"formfactor":""}1,"topology":[[3,1],2],"name":"L2000"}, {"propagators"' [{"spin":"1/2", "node":[3,1],"parametrization":"L2®00_BW"}],"weight"'" -5. 667359734940468 5.383915274595061i","vertices": [{"type":"helicity","helicities":["-1/2", "0"] node :

[[3,1]1,2],"formfactor":""},{"type":"parity","helicities" '[“@" "1/2"],"parity_factor":"+","node":[3,1],"formfactor":""}],"topology":[[3,1]1,2],"name":"L2000"}, {"propagators": [{"spin":"3/2","node":
[1,2],"parametrization":"D1232_BW“}],"weight":"—10.91657692017265+4.9150671658363561","vertlces '[{"type":“he11c1ty","helicities":[“—1/2","@"],"node"'[[1 21,31,"formfactor":"BlattWeisskopf_b_decay_11"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_11"}], "topology":[[1,2],3],"name":“D1232"},{"propagators":[{"spin":"3/2“,"node":

[1,2],"parametrization":"D1232_BW"}],"weight":'"-20.916449737345527+7. 293085760549821","vertices"'[{"type"'“helicity","helicities"'[“1/2" "0"]1,"node":[[1,2]1,3],"formfactor":"BlattWeisskopf_b_decay_11"},{"type":"parity","helicities":
["1/2","0"],"parity_factor":"+","node": [1,2],"formfactor":"BlattWeisskopf_resonance_11"}], "topology"'[[l 21,31,"name":"D1232"}, {"propagators"'[{"sp1n"‘"3/2“ "node"'

[1,21, "parametrlzatlon"'"D1600 BW“} "welght"'"1@ 394484212696474-2.84943494664199461", "vertlces : {"type"'"he11c1ty","he11c1t1es i ["-1/2","0"]1,"node": [[1,2],3],"formfactor":"BlattWeisskopf_b_decay_11"},{"type":"parity","helicities":

["1/2" "Q"],"parity_factor":"+" "node :[1,2],"formfactor":"BlattWeisskopf_resonance 11"}] "topology":[[1,2],3],"name":“D1600"},{"propagators":[{"spin":"3/2“,"node":

[1,2]1,' parametrlzatlon"'"D16®® BW“}],"welght"'"G 134820509903093-0. 91384261649370@61","vertlces"'[{"type":“helicity","helicities":[“1/2","0"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_ll"},{"type":"parity“,"helicities":
["1/2","0"]1,"parity_factor":"+","node":[1,2],"formfactor":"BlattWeisskopf_resonance_11"}1,"topology":[[1,2]1,3],"name":"D1600"},{"propagators": [{"spin":"3/2","node":

[1,21, "parametrlzatlon"'"D17®® BW“}],"welght"'" -29.25264941105087-4.0443895872662321i", "vertices":[{"type":“helicity","helicities":[“—1/2","@"],"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_ll"},{"type":"parity","helicities":

["1/2" "g"]1,"parity_factor":"-","node":[1,2], rmfactor"'“BlattWelsskopf_resonance_lZ"}],"topology":[[1,2],3],"name":“D1700"},{"propagators":[{"spin":"3/2“,"node":

[1, 2],"parametrlzatlon"'"D1700 BW“} ,"weight": -36.28747656529877-5.934846720306871","vertices": [{"type":"helicity","helicities":["1/2","0"]1,"node":[[1,2],3],"formfactor":"BlattWeisskopf_b_decay_ 11"},{"type":"parity","helicities":

["1/2" "9"],"parity_factor":"-","node":[1,2],"formfactor":"BlattWeisskopf_resonance_12"}],"topology":[[1,2],3],"name":"D1700"},{"propagators": [{"spin":"0","node":[2,3],"parametrization":"K700_BuggBW"}],"weight":"0.068908+2. 5214441" "vertices":
[{"type"'“he11c1ty","he11c1t1es"'["0" "1/2"1,"node":[[2,31,1],"formfactor":""},{"type":"parity","helicities": ["0","0"],"parity_factor":"+","node":[2,3],"formfactor":""}],"topology":[[2,3],1],"' name"'"K7®®“} {"propagators"'[{"spln"'"e" "node":
[2,3],"parametrization":"K700_ BuggBW"}],"welght"'" -2. 68563+0 038491","vert1ces : [{"type":"helicity","helicities": ["0","-1/2"],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities": ["0","0"],"parity_factor":"+","node":
[2,3]1,"formfactor":""}1,"topology":[[2,3],1],"name":"K700"},{"propagators" '[{"spin"'"l","node":[2,3],"parametrization":“K892_BW"}],"weight":"1.7222349176997693—1.4813616894194361“,"vertices":[{"type":"helicity","helicities":["—1“,"—1/2"],"node":
[[2,3],1],"formfactor' ""},{"type":"parity' "helicities" '[“@" "0"],"parity_factor":"+ ,"node":[2,3],"formfactor":"BlattWeisskopf_resonance_ll“}],"topology [[2,3]1,1],"name":"K892"},{"propagators": [{"spin":"1","node":
[2,3],"parametrization":"K892_BW“}],"weight":“—1.0500585346397064 6.0002084357430971i","vertices": {"type":“helicity","helicities":[“@","1/2"],"node":[[2,3] 11, "formfactor"'""} {"type"'"parity“,"helicities":["@","0"] 'parity_factor":"+","node":
[2,3],"formfactor":"BlattWeisskopf_resonance_11"}1,"topology":[[2,3],11," name"'"K892"} {"propagators": {"spin":"l","node":[2,3],"parametrization":"K892_BW“}],"welght"'“l 4440841024000803+0.01", "vertices":[{"type":"he11c1ty","he11c1t1es :
["o","-1/2"1,"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities": ["0","0"],"parity_ factor"'"+“,"node":[2,3],"formfactor":"BlattWeisskopf_resonance_ll"}] "topology":[[2,3],11, "name"'"K892"},{"propagators":[{"spin":"l“,"node":
[2,3], parametrlzatlon"'"K892 BW"}1,"weight":"-4,536512227148323-4. 7559610236854481","vertlces :[{"type":"helicity","helicities":["1","1/2"],"node":[[2,3],1], "formfactor"'""} {"type"'"parity“,"helicities":["0","0"],"parity_factor":"+","node":
[2,3],"formfactor":"BlattWeisskopf_resonance_11"}],"topology":[[2,3],1]," name"'"K892"} {"propagators": [{"spin":"0",'"node":[2, 3],"parametrlzatlon"-"K143® BuggBW”}] "weight":"-6.71516+10.479411i","vertices": [{"type":"helicity","helicities":
["0","1/2“],"node":[[2,3],1],"formfactor":""},{"type":"parity","helicities":["@" "0"]1,"parity_factor":"+","node":[2,3],"formfactor":""}], "topology" [r2,31,11, "name"'"K1430"} {"propagators"'[{"spln":"O","node"'
[2,3],"parametrization":"K1430_BuggBW"}],"weight"'"® 219754+8.741196i“,"vertices":[{"type"'"he11c1ty","he11c1t1es"'["0“ " 1/2"],"node"'[[ ,31,11, "formfactor"'""} {"type"'"parlty","he11c1t1es":["@","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"1}, {"node"'[[3 11,2],"mass_ phi costheta":

["m 31 _2","phi_31_2","cos_theta_31 2"]}] "parameters"'[]}] "functlons"'[{"name"'"L1405 Flatte“ "type":"MultichannelBreitWigner","mass":1. 4051,"channels"'[{"gsq" 0. 23395150538434703, ma":0.938272046,"mb":0.493677,"1":0,"d":0},
{"gsq":0.23395150538434703,"ma" :1.18937, "mb"' .13957018,"1":0,"d":0}1},{"name":"L1690_BW","1":2,"mb":0.938272046,"type" :"BreitWigner","d":1.5,"mass":1.69,"ma":0.493677,"width":0.07},
{"name":“D1232_BW","1":1,"mb":0.13957018,"type":"BreitWigner","d":1.5,"mass":1.232,"ma":0.938272046,"width":0.117},{"name":"L152®_BW","1":2,"mb":0.938272046,"type":"BreitWigner","d":l.S, 'mass":1.518467,"ma":0.493677,"width":0.015195},
{"name":"L1600_BW","1":1,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.63,"ma":0.493677,"width":0.25},{"name":"L2000_BW","1":0,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.98819,"ma":0.493677,"width":0.17926},
{"name":"D1600_BW","1":1,"mb":0.13957018,"type" :"BreitWigner","d":1.5,"mass":1.64,"ma":0.938272046,"width":0.3},{"name":"D1700_BW","1":2,"mb":0.13957018, " type":"BreitWigner","d":1.5,"mass":1.69,"ma":0.938272046,"width":0.38},
{"name":"K892_BW","1":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",6"'mass'":0.824,"width":0.478},
{"name":"K1430_BuggBW","slope":0.020981,"type":"BreitWignerWidthExpLikeBugg","mass":1.375,"width":0.19},{"name":"L1670_BW","1":0,"mb":0.938272046,"type":"BreitWigner","d":1.5,"mass":1.67,"ma":0.493677,"width":0.03},
{"name":"BlattWeisskopf_resonance_11","type":"BlattWeisskopf","radius":1.5,"1":1},{"name":"BlattWeisskopf_resonance_12","type":"BlattWeisskopf","radius":1.5,"1":2},

{"name":"BlattWeisskopf_b_decay_11","type":"BlattWeisskopf","radius":5.0," ':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.@,"max":1.0},{"name":"phi_12_3","min"'—3 14,"max":3.14},{"name" :"'m_12_3","min":1.0,"max":5.5}]1}],"misc": {"amplitude_model_checksums":
[{"name":"validation_point","distribution":"default_model","value":9345.853380852355}]},"parameter_points": {"name"'"validation_point","parameters":[{"name":"cos_theta_Bl","value":—0.2309352648098208},{"name":"phi_31“,"va1ue":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}]1}1}
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» 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

Other reasons preserving models

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?

@& HEPMODEL issino)

IS THERE A

REPRODUCIBILITY
CRISIS!

A Nature survey lifts the lid on

how researchers view the ‘crisis’

rocking science and what they
think will help.

2016 Nature Survey

o
-®) HEPData @

4 RIVET @



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

Note on correctness

Dalitz plot decomposition 1

- 2pi azimuthal rotations is easy to screw, S

critical for baryons -

0.5 1.0 1.5 2.0 2.5 3.0
erf

° Da“tZ'QlOt deCOmQOSitiOn [PRD1 01 ‘ 2020 ! | SO|VeS Wigner azimuthal rotation is 2pi-discontinious.
. . . See a talk by Kai Habermann (Mo, 20h45 CET)
the problem by factoring (removing) azimuthal

rotations for three-body decays

A,. (variables) = Z Dﬁ' (angles) 0,. (invariants)
>

. Particle ordering might be an issue, [CPC45(2021)]
. |dentical particle symmetrization can be cumbersome [PRD104(2021)]



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



Decay model

Decay chains

e distribution (pdf):

e unpolarized I(7) = % Ay @17
{

. i1=0
 polarized i)=Y p, (P Y AL A

-+ dordi (%)

« model _description:
4 array of chains

Ay(@) = ZAEA}(T)

+...)



Decay chain
Topology and Nodes

The chain gives prescription to every

y
| + verteces:
& {node, recoupling, form-tactor}
* propagators:
y {spin, parametrization} "% %3

Ao

[4, 5]

) /\ /\

[2,3] 4

: A

[[1, [2, 311, [4, 5]] . e topology

Ac




Decay chain

Vertices and propagators

 vertex: node, recoupling, form-
A factor

42« propagator: spin, parametrization

Ai

Aa didado Ay dads
A /13 % : % - ;s
0 Jo JA JB Jc
. D AO,AA—ACHMJ«C D zA,zl—zBHﬂl,ﬂB D /13,/12—/13H/12»/13 D ,1C,14—15Hi4,ls
4 X Py(s,) Pg(sp) Po(se)
J1 w J2 w J3 w J4 w Js w
ol wl(Rl )D wz(RZ )D /”té,/ls(R3 )D /121,/14(R4 )D Ag,zs(RS )




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]

Validation

The integrity of the model is checked by validating the value of distributions at a few phase space

points. The table lists the validation checks and their status. The marks “@”, “
accuracy of < 1071, < 1072, or > 102, respectively, for the difference between the reference and

computed values.

» A loop over validation points

16x5 DataFrame

Row

NV 00 N Ot AW e

o N e ™ =
o U A W N =, O

Distribution

String
compass_3pi_JP=1+_M=0_1540_1560
compass_3pi_JP=1+_M=0_1540_1560
compass_3pi_JP=1+ M=0_1540_1560
compass_3pi_JP=1+_M=0_1540_1560
compass_3pi_JP=1- M=1_1540_1560
compass_3pi_JP=1-_ M=1_1540_1560
compass_3pi_JP=1- M=1_1540_1560
compass_3pi_JP=1-_M=1_1540_1560
compass_3pi_JP=2+ M=1_1540_1560
compass_3pi_JP=2+ M=1_1540_1560
compass_3pi_JP=2+ M=1_1540_1560
compass_3pi_JP=2+_ M=1_1540_1560
compass_3pi_JP=4+ M=1_1540_1560
compass_3pi_JP=4+ M=1_1540_1560
compass_3pi_JP=4+ M=1_1540_1560
compass_3pi_JP=4+ M=1_1540_1560

Point

String
validation_point1
validation_point2
validation_point3
validation_point4
validation_point1
validation_point2
validation_point3
validation_point4
validation_point1
validation_point2
validation_point3
validation_point4
validation_point1
validation_point2
validation_point3

validation_point4

Floaté4

computed_value

0.557753
1.43625
0.108395
0.791847
0.0452047
0.010651
0.01857
0.0900839
0.0170822
0.0579535
0.035384
0.112218
0.0205558
0.0118184
0.0175504
0.105833

" and “@)’ indicate an

value Status

Floaté4 Char

0.557753 @

1.43625 @
0.108395 @
0.791847 @
0.0452047 @
0.010651 @

0.01857 @
0.0900839 @
0.0170822 @
0.0579535 @
0.035384 @
0.112218 @
0.0205558 @
0.0118184 @
0.0175504 @
0.105833 @


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

EXAMPLES



Amplitude model serialization Home Formatdescription Compatibility with HS3

On this page
Julia v Cascade amplitude models in json
A - pK =t B o o format
eb a e A? > oK Cascade amplitude models in json format Examnle
b
G 1 t H b il The zero version of the model tries to keep the structures as flatt as possible for () Edit this page
# Python readability purpose. Report an issue
Al - pK n'c View source

Any value in the dictionary can be replaced by string, that corresponds to a key translated
later in the file. It enables keeping consistent numerical values for masses, and lineshape

parametrizations.

o Detailed description of the format!

« models/*.json: collection * Noteson'iss

Example

e docs/*.aqmd: demo

A realistic decay description for Lc2pKpi amplitude is produced with
ThreeBodyDecayI0. il using the default model of the Lc2ppiK decays,
Lc2ppiKSemileptonicMode LLHCb.j L.

— O RUB-EP1 /| amplitude-serialization
For a description of a three body decay amplitude, one must provide several mandatory

¢> Code (°) Issues 8 i, Pull requests 2 0) Discussions () Actions [ Prc section at the root of the object, "kinematics", "chains", "reference_topology",

and "validation" sections.

Il Files amplitude-serialization / models /| (& . . .
Kinematics Overview
¥ compass-X3pi - +  Q ‘ mnichasenko validation passas The kinematics section details the particle states involved in decay processes:
Q Go tofile t e initial_state:Specifies the decaying particle at the start of the process. Contains
This branch is 15 commits ahead of main . keys for index (unique identifier), name (label), spin (quantum spin number), and
> [ .cspell mass (in GeV/c?).
> I .github e final_state:An arraydetailing each resulting particle from the decay. Each entry
s BB vscode Name includes the same keys as initial_state, defining the properties of these particles.
> BB docs ... For example, the kinematics of the decay Lc2pKpi would look like,
v @@ models :
| (3 Lb2pKg.json "kinematics": {

[ Lb2pKg.json D) Lezppik json "ini?al_s't.ate“ : {
[ Lc2ppiK.json index" : @,
, _ [ X23pi_compass.json e
[ X23pi_compass.json "spin" : "1/2%,
S "mass" : 2.28646

},


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

LHCb-PAPER-2023-036 [3]

LHCb-PAPER
-2023-036 [3]

Examples-|
Ib2pkg-lhcb-2765817

. Analysis of A baryons in
0 _
A, — pK~y
« Search for pentaquarks
« 74 decay chains

e orbital momentum <=6

m?2., [GeV'|

my(p) [CeV/c

29

15

10

20
15

10

LHCb Run 2 (6 fb™)
_ l

n
ENTED BN © . -’_I_;I

3 4

(@)
(-

DO w H= ot
- -) (- -

Weichted candidates / (0.0075 GeV4 /%)

p—t
-

LA I L B N A NN AL AL L R NN SN N AN LN B L A E A
T—‘ 35¢ —— Total
) (1405) ]
% 30 F A(1520) ]
@) . (1600) ]
— : A(1670) ]
2T —/1(1690) ]
< : A(1800) ]
S 20F —/1(1810) .
:c\ [ E1820g i
I A(1830)
% 15 A(1890)
X (2100) ]
10 E A(2110) 4
: (2350) ]
1.6 1.8 2.0 2.2 2.4
m - |GeV]
§ P LHCb Run 2 (6 fb™1)
% interf. (1/2)*  — A(1520) — A(1810) A(2110)
1500 interf. (1/2)~ A(1600)  — A(1820)  — A(2350)
— M interf. (3/2)° = A(1670)  =— A(1830) <+ Model
~ ¢ interf. (5/2)*  — A(1690)  — A(1890) =+ Data
~ A(1405) —  A(1800) A(2100)
n
= 1000 |
. P *
=
= ¢
S 3
=
o
=
oD
)
=



https://inspirehep.net/literature/2765817

HCb-
HCb-

APER-2022-002]
APER-2022-044]

P
P

Example-ll
lc2pkpi-lhcb-2683025

. 800k decays of AT — pK~n™

. 26 decay chains with A**_ A** and K**

6000

4000 f

Example of inference:

- model uncertainty (18 alternative models preserved)

N\ in 3/2- sector Ain 1/2+ sector

10000 R

8000

N in 1/2- sector

................................

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

2.0 2.1 1. . . . 1.9 2.0 2.1
m(pK) [GeV] m(pK) [GeV]


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

Example-lli
X2pipipi-compass-1391643

[CERN-PH-EP-2015-233]

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

- Every analysis contains ~170 chains
with JP in [O+, 1-, 1+, ...]

decay

Dalitz plot

The Dalitz plot shows the probability distribution across two dimensional phase space of the decay.

Below the distribution is shown for all models in the file

» Dalitz plot plotting

JP 1+ M=0_1540_1560

1.75

1.50

1.25

m2(23) [GeV?]

1.00

0.75

0.50

0.25

1.75

1.50

1.25

m?2(23) [GeV?]

1.00

0.75

0.50

0.25

1.75

1.50

1.25

m2(23) [GeV?]

1.00

0.75

0.25 0.50 0.75 1.00 1.25 1.50 1.75
m#(12) [GeV?]

JP 2+ M=1 1540 1560

1.75

1.50

1.25

m?(23) [GeV?]

1.00

0.75

0.25 0.50 0.75 1.00 1.25 1.50 1.75
m#(12) [GeV?]

0.50 f

0.25 F

0.50 |

0.25 F

JP 4+ M=1 1540 1560

0.25 0.50 0.75 1.00 1.25 1.50 1.75
m?(12) [GeV?]

JP=1- M=1 1540 1560

0.25 0.50 0.75 1.00 1.25 1.50 1.75
m?(12) [GeV?]


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, ...),

e ComPWA &
» but also possible with static e ROOtPWA
e AmpTool
(Laura++, AmpTool, PAWIAN, RootPWA) e ThreeBodyDecaysijl @
e EvtGen
e PAWIAN
. Compatible with HS3 (ROOT) ° Iraz
e Laura++

(Forecast curtesy llya Segal)


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

EXPLORE. USE. PRESERVE



Internals
GitHub and CIi

» GitHub hosts the collection of json files
» Automatic running using Continuous Integration (Cl)

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

» Quarto for mixing text and computation (no jupyter)

 Scripts demoing reading model description,
visualizing, computing




