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Introduction

Å Amplitude analysis / Partial wave analysis (PWA) is a powerful method to study multi-body decay 

processes, e.g.

Å to search for (exotic) resonances 

and measure their properties 

Å to understand CP violation 

over phase space

Å Most of previous fitters are designed for special processes 

or are time-consuming.

Å A general PWA framework using modern acceleration technology (such as GPU, AD, é) is 

eagerly needed.
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TF -PWA : Partial Wave Analysis with TensorFlow

ÅFast

ÅGeneral

ÅEasy to use 
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https://github.com/jiangyi15/tf - pwa

ÅGPU based 

ÅVectorizedcalculation 

ÅAutomatic differentiation

Quasi-Newton Method: scipy.optimize

ÅCustom model available

ÅOpenaccessandwell supported

ÅSimple configuration file(exampleprovided)

ÅMost of the processing is automatic

ÅAll necessaryfunctionsimplemented

ÅDeveloping more functions

https://github.com/jiangyi15/tf-pwa


Configuration as global representation

5

Config.yml Amplitude 
formula

Data (4-
momenta)

Inner 
representatio

n

Fit results
(parameters) 

Cached 
data (angles) 

Plots Uncertainties Toy Fit fractions 
Other 

measuremen
ts

from tf_pwa.config_loader import \
ConfigLoader
config = ConfigLoader ( " config.yml " )

result = config .fit ()
# config.set_params ( final_params.json )

err = config .get_params_error ()

config .plot_partial_wave ()

config .cal_fitfraction s()

config .generate_toy (10000)

... 



Configuration

ÅWhat is needed?

ÅParticles (Resonances, line) and their properties 

ÅDecays (interaction, vertex) and their properties 

ÅStore in dict or list, save as YAML file.

ÅPossible process in ὄ ᴼ$z $ᴜ +
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ὄ

ὑ

τπτπ
2-body decay 

Serialize as 

psi(4040) : 
J: 1
P: - 1
mass: 4.04 0
width : 0.080
model: C(BWR)

Config.ymlIn TF-PWA

Bp: [
[ DstD, K],
[ Dst K, D ],
[ DK, Dst ],

]

YAML: https://yaml.org

https://yaml.org/
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Feynman rules

probability:  ȿꜝ ȿͮς
Decay Group: ꜝ ὃ ὃ Ễ

Decay Chain: ὃ ὃὙὃỄ
Decay: Wigner D-matrix, ὃ ὌὈz ‰ȟ—ȟπ
Particle: Breit-Wigner: Ὑά , user defined

Wigner- D matrix

User defined

alignment

Automatically calculated from decay structure

ὃ



Automatic Angle Plot

8

ὄᴼ ὈᶻὈὑ

ὈᶻὈ ᴼὈᶻὈ

ὈᶻᴼὈ“

$z ᴼὈ“

$ᶻᴼὈ“

Ὀᶻὑ ᴼὈᶻὑ

ὄᴼ $ᶻ+Ὀ

ὄᴼ Ὀὑ$ᶻ

ὈὑᴼὈὑ

ᴆὴ
ᶻ

ᴆὴ
ᶻ ᶻ

ᴆὴ
ᶻ

ᴆὴᶻ
ᶻ

ᴆὴᶻ

ᴆὴ

ᴆὴ
ᶻ

ᴆὴ
ᶻ ᶻ

ᴆὴ

ᴆὴ

ᴆὴ

ᴆὴ
ᶻ ᶻ

ᴆὴ
ᶻ ᶻ

ᴆὴᶻ
ᶻ

ᴆὴ
ᶻ

ᴆὴ

ᴆὴᶻ

ᴆὴ means momentum of B in the rest frame of A

‰means the rotation is anticlockwise, while ‰for clockwise

The sign is dependent on data 

‰ ᶻ

— ᶻ

‰ ᶻ
ᶻ

—ᶻ
ᶻ

‰
ᶻ ᶻ

—
ᶻ

—

—

—
ᶻ

‰

‰
ᶻ

— ᶻ

—
ᶻ ᶻ

—ᶻ
ᶻ

‰ ᶻ

‰ ᶻ
ᶻ

‰
ᶻ ᶻ

Auto calculated by TF-PWA,

Only required the 4-monmenta

TF-PWA also provide reverse process: 

Mass + helicity angle  -> 4-monmenta 
3D model generated by a scriptusing TF-PWA.

https://github.com/jiangyi15/tf-pwa/blob/dev/tutorials/examples/plot_3d_angle.py


Custom Model
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Use register_particleto register it,
then it can be used in config.yml

from tf_pwa.amp import register_particle
from tf_pwa.amp import Particle

@register_particle( "Line" )
class LineModel (Particle):

def init_params (self): # define parameters
self .a = self .add_var ( "a" )

def get_amp(self, * args , ** kwargs ):
ʏʏʏ ÍÏÄÅÌ ÁÓ Í ˩ Á ʏʏƧ
# write code with TF
m = args [ 0][ "m"]
zeros = tf.zeros_like (m)
return tf.complex (m + self .a (), zeros)

Line: ὙὓȠὥ ὓ ὥ

Ὄ ὼȠὈ ȟ
ẘ

ὼὙ ὼȠὌ ȟ ὼȠὈ ȟ
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ὼ: all data, (*args, **kwargs)

a.fles) sretemarap lla :
ὙὼȠ

‗ ᴼ

The shape is (number of events, ),  type is complex128

here the data, (*args, **kwargs) is passed from DecayChain.

For convenience, different data will be divided into different 
parts to pass to get_amp(self, *args, **kwargs)

The parameters are directly defined in the class, and the 
values are obtained from VarsManager.

Define a custom model is simple.



Implement of theoretical model

ÅInterpolation
ÅUse for mass dependent model

ÅLinear interpolation model
Åñlinear_txtò

ÅInput pointby pointvalues
ÅPoint position

ÅReal parts 

ÅImage parts

ÅFast evaluation without writing TF code

ÅFor example, Dispersion integral

ÅAll value in input data
ÅIf model if much more complex,notonly mass dependent

ÅOnecancalculate the value for all data first and input with data

ÅForexample, Triangle Singularity  

11 points leaner interpolation of ÅØÐυὭά
The out of range is set to zeros



Automatic Differentiation(AD)

ÅWidely used in Optimization problem
ÅCalculate gradient automatically

ÅNo need for exact formula. 

ÅRecorded the computation graphs. 
ÅOperator: function used (sin, g)

ÅIntermediate value: (z=ρ)

ÅMostly matrix form (Jacobian).

ÅJust combine the operator (Chain Rules)

ÅChain Rules
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The same rule- based method as our amplitude 
calculation.



AD in amplitude fit

ÅMinimize of ÌÎὒ

Å is the steepest descent direction, used by most of optimizer

ÅError matrix ὠ can also be estimated though AD

ÅAD advantage:
ÅAutomatic.

ÅFast estimation:  Time cost for eval ÌÎὒ and are on the same level.

ÅAccurate gradient:  more stable results.

ÅAD disadvantage:
ÅRequire well defined gradients (continuous).

ÅAvoid step function, delta function.  

ÅOnly support function with predefined gradients. 

ÅUse TensorFlow only, but also have an interface to define functions.

ÅLarge (GPU) memory cost for recording intermediate values.

ÅSplit data into small batches (discuss later).
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AD for error propagation

ÅError propagation

Å„ „ ȟ can be calculated by AD

ÅSimple interface (see right)

ÅExample:  uncertainties of fit fractions in TF-PWA

ÅAdvance usage
ÅDefine function with gradient

ÅAD + some part of numericalfunction

Å ȟnumericalȡ

ÅExample: Obtain pole mass in TF-PWA (a iteration process) 

ÅSystematic uncertainties of fixed parameters (fixed mass 
and width)

Å ÌÎὒ ÌÎὒȟÓÒÅÔÅÍÁÒÁÐÔÉÆȡȟᾀȟ
ᾀȡÆÉØÅÄÐÁÒÁÍÅÔÅÒÓ

ÅMinimum condition as implicit function

Å πᵼ

with config.params_trans () as pt :
# g1 is fixed to 1 
g2_r = pt [ " Lmdc- >piz.Sigma (1385)p_g_ls_1r" ]
g2_phi = pt [ " Lmdc- >piz.Sigma (1385)p_g_ls_1i" ]
alpha = 2*g2_r* tf.cos (g2_phi) / ( 1+g2_r*g2_r)

print(alpha, pt.get_error (alpha))
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decay = config.get_decay ()
p = decay.get_particle ( "Sigma(1385)p" )
with config.params_trans () as pt :

pole = p.solve_pole ()
re = tf.math.real (pole)
im = tf.math.imag (pole)

print( (re, im) , pt.get_error ( ( re,im ) ))



AD in Large size of data

ÅBasic Log-Likelihood function

ÅÌÎὒ ВÌÎρ Ὢ
Ƞ

᷿ Ƞ
Ὢ

Ƞ

᷿ Ƞ

ÅὍ ὖ᷿ὼὨὼ Вὖὼ

ÅRequired recording all ὖὼ and intermediate values before gradients evaluations. 

ÅSplit large data into small batches (only record value in a small batch)

ÅÌÎὒ ᵼÌÎὒὍȠ

Å ᵼ
Ƞ

В
Ƞ

Å
В В

Ễ

ÅExpand the power of AD to multi GPU, even multi cluster

Batch 1 Batch 2
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Example: fit results of ɤ ᴼɤ““
Åɤ ᴼɤᴼὴ“ ““
ÅSimultaneous fit
Å7 energy points

ÅTotal around 10k events, 854k MC

Å38 free parameters

ÅDominated by ɤ ᴼɤ”: 57.2 4.2%

ÅClear peak for ɤ ᴼ“ɫρσψυ
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Plot thought TF- PWA with simple config.yml
All decay chains will be added automaticly
plot :

mass: 
Sigma_star0 : # name in page 6

display : "$M_{ \ \ Lambda\ \ pi^{0}}$"
bins : 30
range : [ 1.2 , 2.2 ]
legend : False

JHEP12(2022)033

https://arxiv.org/abs/2209.08464


Different preprocess

ÅImplement with different ways for amplitude 

ÅOption in config.yml: data: preprocessor and  amp_model
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data :
ƛ
preprocessor: cached_shape
amp_model: cached_shape

Limit of GPU 8G

Limit of CPU 32G
Disk



ὄ ᴼὈᶻὈᶸὑ



ὄ ᴼὈᶻὈᶸὑ

Åὄ ᴼὈz Ὀᴜ ὑ : two channels

Åὄ ᴼὈᶻὈὑ

Åὄ ᴼὈᶻὈὑ

ÅPossible resonances:
ÅὈz Ὀᴜ ὧӶὧὨӶὨ: charmonium(-like)
Å3.9 ~  4. 8 GeV 

ÅNormal charmonium 

Åτπτπȟτρφπȟ… σωσπȟ… τςχτỄ

ÅCharmonium(-like) states

Å… σψχςÁËÁὢσψχςȟὤ σωππȟὢτπςπȟὤ ττσπȟỄ

ÅὈᶻ ὑ ӶὧӶίόὨ:  Ὕᶻ ςψχπ(aka 8 ςωππ), Ὕᶻ ςωππ(aka 8 ςωππ)
ÅFound in ὄ ᴼὈὝ ȟ

ᶻ ᴼὈ ὑ

ÅὈᶻ ὑ ὧӶίόӶὨ: Ὕ Ӷ
ᶻ ςωππ

ÅFound in ὄ ᴼὈὝ Ӷ
ᶻ ςωππᴼὈ “

2024 May 18

PRL 125 (2020) 242001, PRD 102 (2020) 112003

PRL 131 (2023) 041902, PRD 108 (2023) 012017



C-parity relation

ÅUsed to constrains Ὑ ᴼὈᶻὈ and Ὑ ᴼὈᶻὈ

Åὃ ᴼ ᶻ
ὅὃ ᴼ ᶻ

Åὅ is the C parity of R 

ÅEffect of this relation 

ÅTwo contribution with the same ὐ
Å2 ὅ ρ ÁÎÄ2 # ρ

ÅFor ὄ ᴼὙᴼὈᶻὈ ὑ
Åὃ ὃ ὃ ὃȿ ȿὃ ςὙὩὃὃᶻ

ÅForὄ ᴼὙᴼὈᶻὈ ὑ
Åὃ ὃ ὃ ὃȿ ȿὃ ςὙὩὃὃᶻ

Åὃ ὃ τὙὩὃὃᶻ

ÅOnly the interferencecan contribute to the difference of two channel 

2024 May 19



Implement with custom model in TFPWA

ÅCreate new model based on original model

ÅSimple inheritedwith original model

ÅOverride related parts 
from tf_pwa.amp.core import register_particle , get_particle_model

def create _model ( name): # common function to create new model
cls = get_particle_model (name) # find the particle model with name

@register_particle( "C({})" .format(name )) # ÒÅÇÉÓÔÅÒ ×ÉÔÈ Ƨ#ƽÎÁÍÅƾƨ
class _NewClass( cls ): # inherited for m original model

def get_amp(self, data, data_d , all_data =None, ** kwargs ): # override amplitude calculation
d = all_data.get ( "c" , 1) # D*+D- or D* - D+
if self . C == 1: # C parity is 1, use the same model 

return super(). get_amp(data, data_d , all_data =None, ** kwargs ) 
else : # C parity is - 1, use amp for D*+D - and Ƶamp for D* - D+

amp = super(). get_amp(data, data_d , all_data =None, ** kwargs )
return tf.where (d > 0, amp, - amp)

ʢ ÏÔÈÅÒ ÃÁÓÅÓƙ $+Ɨ $ǉ+ ƛ

create _model ( "BWR") ʢ ÃÒÅÁÔÅ ÎÅ× ÍÏÄÅÌ Ƨ#ƽ"72ƾƨ ÆÏÒ Ƨ"72ƨ 



Charmuinon(-like) states  

ÅLarge difference in 3.9 ï4.0 GeV 

ÅὝ ȟ
ᶻ is small in that range, do not expect large effect 

ÅLarge difference due to C-parity 

2024 May 21

preliminarypreliminary
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