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Analysis Basics

Our testcase: 𝒆!𝒆" → 𝝅!𝝅" 𝑱/𝝍 → 𝝅!𝝅" ℓ!ℓ"

1) 𝑒!𝑒" → Y(4230) → 𝒇𝒋 𝐽/𝜓 

with 𝑓!: 𝑓" 500 , 𝑓" 980 , 𝑓" 1370 , 𝑓# 1270
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2) 𝑒!𝑒" → Y(4230) → 𝜋± 𝒁𝒄 𝟑𝟗𝟎𝟎 ∓
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Partial wave analysis of 𝑒%𝑒& → 𝜋%𝜋&𝐽/𝜓 and cross section
measurement of 𝑒%𝑒& → 𝜋±𝑍( 3900 ∓ from 4.1271 to 4.3583 GeV
https://arxiv.org/abs/2505.13222
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Lepton universality:
𝐽/𝜓 → 𝑒+𝑒, & 𝐽/𝜓 → 𝜇+𝜇, 
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Isospin symmetry:
𝑍- 3900 + & 𝑍- 3900 ,
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Amplitude Construction (via Helicity Formalism)

1) 𝑒!𝑒" → 𝒇𝒋 𝐽/𝜓 → 𝝅!𝝅"ℓ!ℓ" with 𝒇𝒋: 𝑓' 500 , 𝑓' 980 , 𝑓' 1370 , 𝑓( 1270

2) 𝑒!𝑒" → 𝜋±𝒁𝒄 𝟑𝟗𝟎𝟎 ∓ → 𝜋±𝝅∓ 𝑱/𝝍 → 𝜋!𝜋"ℓ!ℓ"
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Coherent sum over amplitudes
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Incoherent sum over unobserved helicities



Amplitude Parametrization

𝐴)0,)-
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u 𝐷>,)
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u 𝐹)0,)-
/1 : helicity amplitude given by

𝐹)0,)-
/1 =B

AB

𝐺CD
/1 2𝐿 + 1

2𝐽E + 1
⟨𝐿, 𝑂, 𝑆, 𝜆| 𝐽E , 𝜆⟩ 𝑆? , 𝜆? , 𝑆@ , −𝜆@ 𝑆, 𝜆 𝑝C𝐵C 𝑝, 𝑟

05.06.26Yasemin Schelhaas, Partial Wave Analysis of 𝑒+ 𝑒−  → 𝜋+ 𝜋− 𝐽/𝜓 at BESIII, DEMOS Hadrons Meeting 9



Line Shapes

u Constant-width relativistic Breit Wigner: 𝑍@ 3900 ±, 𝑓' 1370 & 𝑓( 1270

u Energy-dependent width Breit Wigner: 𝑓' 500

u Flatté formula: 𝑓' 980

u 𝒦 −matrix: 𝜋!𝜋" D"FGHI including 𝑓' 500 , 𝑓' 980 & 𝑓' 1370
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Cross check with Dalitz−plot
decomposition of 𝑒!𝑒" → 𝜋!𝜋"𝐽/𝜓

u Theoretical paper by V. Ermolina, Igor Danilkin & M. Vanderhaeghen

(https://arxiv.org/pdf/2410.19946) 
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PWA: AmpTools package (C++)

u Software written by Matthew Shepherd, Ryan Mitchell, and Hrayr Matevosyan at 

Indiana University, Bloomington and Lawrence Gibbons at Cornell University

u Publicly available since January 2011, latest release version from September 2025
(https://github.com/mashephe/AmpTools)

u Actively used with the BESIII collaboration

u General framework for unbinned likelihood fits

u Independent of experiment and physics model

u MPI and CUDA support for fast fits

u Easy integration of custom amplitudes
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Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 mass-dependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 

• Define one or more reactions



Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 mass-dependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 

• Every amplitude declared 
with the same reaction & sum 
is added coherently



Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 mass-dependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 

Incoherent sum over unobserved helicities:

loop mY   -1  1 -1  1
loop ml    -1 -1  1  1
loop sum_hel helmm helpm helmp helpp



Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 mass-dependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 

• Amplitudes with the same 
reaction::sum::name are multiplied

• Mass-dependent part: BW, Flatté, …



Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 massdependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 
• Constrain amplitudes, e.g. using 

isospin symmetry for the 𝑍$ 3900 ∓



Example: Config file
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fit jpsipipi
reaction pipimumu p1 p2 p3 p4 

genmc pipimumu jpsipipiDataReader genmc.root
accmc pipimumu jpsipipiDataReader accmc.root
data    pipimumu jpsipipiDataReader data.root

sum pipimumu sum_hel

amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 angularPart indices
amplitude pipimumu::sum_hel::ZcpPi_L0S1L0S1 massdependentPart indices
…

constrain pipimumu::sum_hel::ZcpPi_L0S1L0S1 pipimumu::sum_hel::ZcmPi_L0S1L0S1
initialize pipimumu::sum_hel::ZcpPi_L0S1L0S1 cartesian 1.0 0.0

parameter mZc 3.9 
• Declare internal parameters
• Can be fixed, free, bounded or gaussian-bounded



Summary

u Our testcase: 𝒆!𝒆" → 𝝅!𝝅"𝑱/𝝍 → 𝝅!𝝅"ℓ!ℓ" at BESIII

u 𝑒+𝑒, → Y(4230) → 𝒇𝒋 𝐽/𝜓

u 𝑒+𝑒, → Y(4230) → 𝜋± 𝒁𝒄 𝟑𝟗𝟎𝟎 ∓

u Many different line shapes: Breit Wigner, Flatté, and 𝒦-matrix parametrizations

u Amplitudes are constructed using the helicity formalism (https://arxiv.org/abs/2505.13222)

u Cross check with Dalitz-plot decomposition of 𝑒!𝑒" → 𝜋!𝜋"𝐽/𝜓 (https://arxiv.org/pdf/2410.19946)

u AmpTools framework used for partial wave analysis
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à Symmetry-based constraints
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à Symmetry-based constraints

Thank you for your attention!
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Backup
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Amplitude Construction

T = #
2&,42'

| #
5(,2)/+,2,(

𝐴2,( ,2)/+
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5(→:-:. 𝜃:- , 𝜙:- 𝐴2'- ,2'.
7/8→;-;. 𝜃;- , 𝜙;-

+ 𝑒<42'=' #
>/,20/ ,2)/+

𝐴20/ ,9
6→:?/(𝜃>/ , 𝜙>/)𝐵𝑊(𝑚(𝜋𝐽/𝜓))𝐴2)/+,21

>/→:7/8 𝜃@/8 , 𝜙@/8 𝐴2'- ,2'.
7/8→;-;. 𝜃;- , 𝜙;- |A

u 𝜆3: helicity of the particle 𝑃 𝑙±, 𝑍5 3900 ±, 𝐽/𝜓, 𝑓6
u 𝜃3, 𝜙3 : polar and azimuthal angles of 𝑃 in the helicity frame of the cascading process

u Summation for virtual photon (𝜆7) and lepton pairs in the final state (Δ𝜆8)

u 𝑚(𝜋9𝜋:),𝑚(𝜋𝐽/𝜓): invariant masses of 𝜋9𝜋: and 𝜋𝐽/𝜓

u 𝑒;<=*>*: needed to align helicity frames in two different decay chains
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