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Hadron Spectroscopy and Photoproduction

2

• Photoproduction is an interesting  
process to search for exotic hadrons

• Photon provides well-defined 
initial state, interacts through VMD

• Photon polarization provides 
constraints on production 
processes, probe of hadron 
properties

• Photons couple to proton through 
exchanged QNs, 
can produce mesons of any JPCp,n,…

X

𝐏(0++), π(0−+), 
ρ(1−−), …

(ρ,ω,ɸ)
hybrid meson

q
q

g

tetraquark
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The GlueX Experiment
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Large acceptance spectrometer
for charged and neutral particles
at Jefferson Lab

Optimized for light meson  
spectroscopy, energy reach
up to bound charmonia

Photon beam with
linear polarization
P ≈ 40% at peak
Eɣ ≈ 9 GeV

12 GeV e−
• GlueX-I  (2017–2018):   L = 305 pb−1

• GlueX-II (2020–2025?): L = 320 pb−1 (so far) 
                                        expect 3-4x GlueX-I 

[Eɣ > 8 GeV] 
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Hybrid Mesons

4

• Long history of search for “hybrid” 
mesons with gluonic excitations

• Best evidence is for (1600) in 
COMPASS pion-production data

• Recent evidence for η1(ʹ) from BES-III in 
J/ψ→ɣηηʹ [arXiv:2202.00621]

• Need to confirm  and η1 and establish 
the full light quark hybrid spectrum → 
insight to the heavy quark hybrid 
spectrum

π1

π1

HadSpec: PRD 88, 094505 (2013)
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HadSpec: PRD 103, 054502 (2021)
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Searching for Exotics in Photoproduction @ GlueX
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• Detailed understanding of light-quark meson spectrum requires 
amplitude analysis.

Collect Data

Understand production mechanisms
using polarization: Σ, SDMEs, …

Beam Asymmetry Σ
(π0/η)p: Phys. Rev. C95, 042201 (2017)
(η/ηʹ)p: Phys. Rev. C100, 052201(R) (2019)
K+Σ0:    Phys. Rev. C101, 065206 (2020)
π−Δ++:   Phys. Rev. C103, 022201 (2021)
K+Λ(1520): sub. to PRC
More coming…

GlueX: PRC 103, 022201 (2021) A. Austregesilo, HADRON 2021

SDMEs: ρ, ω, ɸ in progress
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Searching for Exotics in Photoproduction @ GlueX
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• Detailed understanding of light-quark meson spectrum requires 
amplitude analysis.

Collect Data

Understand production mechanisms
using polarization: Σ, SDMEs, …

Measure cross sections and identify
known mesons with amplitude analysis

a0 a2

ɣ p → π0 η p

                 ɣp → K+K+Ξ−

ɣ p → ω η p
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Searching for Exotics in Photoproduction @ GlueX

7

• Detailed understanding of light-quark meson spectrum requires 
amplitude analysis.

Collect Data

Understand production mechanisms
using polarization: Σ, SDMEs, …

Start with ηπ0/ηʹπ0 before moving to more complicated final states

Search for exotic mesons

Measure cross sections and identify
known mesons with amplitude analysis

Theoretical
Models

(JPAC, ….)
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GlueX: High Statistics Photoproduction Data
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• GlueX has collected orders of 
magnitude more data than previous 
experiments at Eɣ ≈ 9 GeV
• > 5 times more η(‘)π than COMPASS 
− amplitude analysis underway

• Hybrid search range allows searching 
for strange XYZ partners
• ɸ(2170), Zs, …

γp → ηp

106

105

104

γp → π+π−p
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• πη / πηʹ “golden channels” for π1 search: 
small b.f. but experimentally clean
• Odd L πη(ʹ) → exotic JPC

• Study known a0/a2 in πη  (focus here)
• Apply analysis to πηʹ with stronger π1

• Can study several channels
•

•

• Control understanding of production
• with multiple  decays

•

•

• Control understanding of acceptance 
and backgrounds

γp → ηπ0p
γp → ηπ−Δ++

η
η → γγ
η → π+π−π0

ηπ Amplitude Analysis at GlueX

9

0.1 < − t < 0.3 GeV2

GlueX-I Data

γp → ηπ0p

γp → ηπ−Δ++

η → γγ

η → γγ
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• Clear signals at a0(980) and a2(1320) masses
• Different angular dependence → different dominant production wave

• D1 for ηπ−,  D2 for ηπ0

ηπ Amplitude Analysis at GlueX

10

0.1 < − t < 0.3 GeV2



    S. Dobbs — Hadron Spectroscopy (MITP) — March 22, 2022 — Recent Results and Future Prospects From GlueX          

• Clear signals at a0(980) and a2(1320) masses
• Peaks have different t-dependence

ηπ Amplitude Analysis at GlueX
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0.1 < − t < 0.3 GeV2 0.3 < − t < 0.6 GeV2 0.6 < − t < 1.0 GeV2
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• Preliminary fit to data allows us to start 
understanding features

• Combined fit to all polarization orientations 
with new photoproduction model  
JPAC: PRD 100, 054017 (2019)

• Waveset based on TMD model  
JPAC: PRD 102, 014003 (2020)

•

• Large S-wave contribution
• Non-resonant? a0’s?

• Clear signal in m=+2 D-wave [a2(1320)]
• Dominant  exchange
• Similar to helicity-2 dominance in 

 at Belle
• Systematic studies of wavelets, leakage, 

ambguities, etc. ongoing

S±
0 , D±

0 , D±
1 , D+

2 D−
−1

ρ/ω

γγ → ηπ0

Fit to GlueX data for   [ ]  γp → ηπ0p 0.1 < − t < 0.3 GeV2

12
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Fit to GlueX data for   [ ] γp → ηπ−Δ++ 0.1 < − t < 0.3 GeV2

13

• Combined fit to all polarization orientations 
with new photoproduction model  
JPAC: PRD 100, 054017 (2019)

• Large S-wave contribution
• Strongest in a0(980) region

• Clear signal in m=−1 D-wave [a2(1320)], 
negative reflectivity
• Dominant  exchange
• Tail related to a2(1700)?

• Systematic studies ongoing
• Next steps:

• Near-term goal: a2 production studies
• Understand other processes which 

could generate asymmetry, e.g., 
baryon prod., Double Regge exch.

π
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• LQCD predicts dominant π1 
decay to be b1π  (→ 5π )

• First step: understand b1 
production and decay to ωπ
• Also search for excited vectors 

and others
• Extend analysis to other VP 

channels (ωη, ɸπ, ɸη, …)
• Access to charged and neutral b1

•
•

γp → b0
1 p → ωπ0p

γp → b−
1 Δ++ → ωπ−Δ++

Study of b1(1235) at GlueX

14
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• Can use amplitude model for VP  
photoproduction to measure ratio of  
D/S amplitudes in b1 → ωπ

• First test of model finds good fits with 1+ and 1− waves near b1 peak

Study of b1(1235) at GlueX: S/D ratio

15

HadSpec: PRD 100, 054506 (2019)

LCQD: |D/S | = 0.27(20)
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• Λ(1405) lies just below K̅N 
threshold
• I=0   JP = 1/2−
• Decays to Σπ

• Lineshape not simple B-W
• Nature of state has been long 

discussed
• 2 poles?
• Something else?

• Current lineshape studies limited 
by knowledge of Σ0π0 channel
• Pure I=0, no Σ(1385) bkgd.

Λ(1405) in Photoproduction

16

Y*
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• Mass spectra shown for  
20% of GlueX-I data in  
                ɣ p → K+ Σ0 π0

• Yields shown in 3 t-bins without 
acceptance correction
• Clear Λ(1405) and Λ(1520) signals

• With full GlueX-I data, we can study Eɣ  
and t-dependence of lineshape using 
largest sample of Σ0 π0 available  
(>10k events in Λ(1405) region)

Λ(1405) in Photoproduction @ GlueX

17

Λ(1520)
Λ(1405)
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• Production of cc ̅near threshold probes 
the distribution of gluons in the proton 
and the nature of the proton mass 

• Can also look for s-channel production 
of resonant states

Charmonium Photoproduction Near Threshold

18

leading-twist

J/ψ

Λb → J/ψ p K−

LHCb, PRL 122, 222001 (2019)
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Published GlueX J/ψ Photoproduction Results

19

• Used portion of GlueX-I 
data [469 J/ψ] to 
measure cross sections

• 27% normalization 
uncertainty

• Model-dependent limits 
set on Pc production Pc’s
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Interpretations of GlueX J/ψ Photoproduction Results

20

• Interpretation depends on  
understanding production  
mechanism

Kharzeev, PRD 104, 054015 (2021)

mass radius:   Rm =  fm
charge radius: Rc =  fm

More data closer to the 
threshold is needed

0.55 ± 0.03
0.8409 ± 0.0004

Du et al., EPJC 80, 1053 (2020)

Implies dominance of open charm loops
Higher precision data is needed
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Projected GlueX-I J/ψ Photoproduction Results

21

• Full GlueX-I run has 2k J/ψ, expect updated results soon!
• GlueX-II expected to provide additional 6k J/ψ, results on χc1, ψ(2S)

• Open charm final states difficult to observe, but possible
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Summary and Prospects

22

• Photoproduction is an interesting process to look for exotic hadrons — 
crucial to confirm their production in new processes

• GlueX has collected the world’s largest photoproduction dataset
• First amplitude analyses of ηπ and ηʹπ aim to identify the π1 in 

photoproduction
• Analysis of ωπ focusing on study of b1 and ρʹs
• Next step: apply techniques to other PS-PS, V-PS final states

• First detailed studies of J/ψ photoproduction near threshold
• GlueX-II run in progress, planned to end around 2025

• Other approved experimental programs includes spectroscopy with  
intense KL beam (≈104/s), polarized target

• Spectroscopy of heavier states in photoproduction requires new experiments
• Proposed JLab upgrade ideal for X, Z states [white paper: arXiv:2112.00060]

• EIC ideal for Y states
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Backup Slides

23
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The GlueX Experiment: Photon Beam

24

• Photon beam generated via coherent 
bremsstrahlung off thin diamond radiator

• Photon energies tagged by scattered 
electrons
• Energy measurement precision < 25 MeV

• Photon linear polarization Pɣ ~ 40% in peak
• Intensity of ~1–5 ⨉ 107 ɣ/s in peak
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The GlueX Experiment in Hall D @ JLab

25

• The GlueX experiment is located in  
Hall D, newly constructed as part of 
the Jefferson Lab 12 GeV upgrade.


• Large acceptance solenoidal 
spectrometer 


• Linearly polarized photon beam 
peaking at 9 GeV


• Detects all decay products from full 
hadronic photoproduction rate


• 100+ Collaborators from 26 institutions

Hall D

CEBAF
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Definition of Amplitudes

11

and nucleon spin non-flip amplitudes (four coherent sums total):
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:

I(⌦,�) = 2
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These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1± P� into

the definition of the amplitude. One would then fit for the [`](±)
m;k coe�cients in the four separate coherent

sums, where repeated [`](±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.
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Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7

• Described by three angles: 
            and      in the      rest frame, 
angle     between polarization vector  
and production plane

• Amplitudes incorporate beam  
polarization, are eigenstates of  
reflectivity   

• Basis:       amplitudes defined as     

• Complexity: Positive and negative reflectivity,                   allowed

• Frequent exchange with JPAC

⌘⇡
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cos(✓)⌘
<latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit>

�⌘
<latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit>

�
<latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit>

Zm
l

<latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit>

Zm
l (⌦,�) = Y m

l (⌦)e�i�
<latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit>

m = �l...l
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Study of               Decay: Example Fit
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• Independent fits for each beam polarization orientation

• Inclusion of      and       waves leads to good description of angular 
distributions

b1(1235)
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AMPLITUDE ANALYSIS
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cos(qH) fH Fprod
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