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Joint Physics Analysis Center

Website: 

https://www.jpac-physics.org/

Shared: Zoom, Slack, Calendar 

https://www.jpac-physics.org/
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ExoHad Collaboration

Website: 

https://www.exohad.org/

Three Pilars:  

Amplitude Analysis (JPAC)

Lattice QCD (HadSpec)

Phenomenology (DS, quark model)

DoE Topical Collaboration: 2023-2027

https://www.exohad.org/
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Ordinary and Exotic Hadrons

Ordinary baryons

Ordinary mesons

proton

neutron

pion

baryon Λ

⌧ ⇠ 103s

stable

⌧ ⇠ 10�10s

⌧ ⇠ 10�8s

kaon ⌧ ⇠ 10�8s

⌧ ⇠ 10�20sJ/ 
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Exotic matter

glueballshybrid mesons tetraquarks pentaquarks
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Lattice QCD 
Phenomenology 
Amplitude Analyses Theory

Experiments 
Tools

Interpretation

Design and build detectors 
Collect data 
Build observables  
Fit data  
Extract pole position, 
…

Discovering Exotic Hadrons
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HEP Facilities and Detectors

12 GeV electron beam:

Future Electron-Ion Collider:
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HEP Facilities and Detectors

12 GeV electron beam:

Future Electron-Ion Collider:

Proton-proton collisions

Pion-proton collisions

Electron-positron annihilations 
at the  massJ/ψ
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On the Theory Side

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger eqs,…
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Lattice QCD on the Lightest Exotic 

HadSpec PRD82 (2010) 034508

The lightest isovector exotic meson is the

π1(1−+)
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Lattice QCD on the Lightest Exotic 

HadSpec PRD82 (2010) 034508

The lightest isovector exotic meson is the

π1(1−+)

HadSpec PRD103 (2021) 054502

π1 → b1π Its main decay channel is π1 → b1π

Easiest decay mode is π1 → ηπ
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On the Theory Side

QCD predictions for exotic hadrons properties
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γ XYZ

np

XYZ Cross Sections @EIC and @JLab22 JPAC PRD102 (2020) 114010

Cross sections prediction for
X(3872), X(8900), Y(4260)

Zc(3900)±, Zb(10610)±, Zb(10650)±

10

JPAC PRD106 (2022) 094009
JPAC PRD109 (2024) 114035

Exclusive in dashed lines 
Semi-inclusive in solid lines



Vincent Mathieu HADNUCMAT 10

X

γ

p

XYZ

XYZ Cross Sections @EIC and @JLab22 JPAC PRD102 (2020) 114010

Cross sections prediction for
X(3872), X(8900), Y(4260)

Zc(3900)±, Zb(10610)±, Zb(10650)±

10

JPAC PRD106 (2022) 094009
JPAC PRD109 (2024) 114035

Exclusive in dashed lines 
Semi-inclusive in solid lines
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On the Theory Side

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger eqs,…

Predictions for future measurements

Known measurements, Regge theory, VMD, …

Data analysis
S-Matrix constraints, K-matrix fit…

Formalism and interpretation of observables

Polarization observables, moment expansion, …
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Angular Distribution JPAC PRD100 (2019) 054017
Glazier and VM PRD112 (2025) 116015
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New Observables

Two models:

With exotic meson 
(solid lines)

Without exotic meson 
(dashed lines)

Combination of moments 
very sensitive to the presence 
of odd L (exotic) waves
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New observable  
sensitive to exotic waves

New Observables

Two models:

With exotic meson 
(solid lines)

Without exotic meson 
(dashed lines)

Combination of moments 
very sensitive to the presence 
of odd L (exotic) waves
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γp → π−
1 Δ++

pπ+

b−
1 π0

ωπ−
π+π−π0

 and  Decaysπ1 b1

From Lattice QCD, main decay channel is

π1 → b1π

Ideal reaction:

Charged production enhanced compared 
to neutral one
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γp → π−
1 Δ++

pπ+

b−
1 π0

ωπ−
π+π−π0

 and  Decaysπ1 b1

From Lattice QCD, main decay channel is

π1 → b1π

Ideal reaction:

Charged production enhanced compared 
to neutral one

p
p

π−

π0

γ
b−

1

π+

π−ω

π+

Δ++

Can GlueX identify properly the  meson?b1

Ongoing project with the GlueX collaboration 
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On the Theory Side

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger eqs,…

Predictions for future measurements

Known measurements, Regge theory, VMD, …

Data analysis
S-Matrix constraints, K-matrix fit…

Formalism and interpretation of observables

Polarization observables, moment expansion, …
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Data

16

What’s a resonance?

π+

p

π+

p

PRC76 (2006) 0450205

Δ++

Re Ecm

Im
 E cm sheet I

Ecm
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Data

16

What’s a resonance?

π+
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π+
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PRC76 (2006) 0450205

Δ++
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 E cm
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Ecm

Resonances are poles of 
the scattering amplitude
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Data

16

What’s a resonance?

π+

p

π+

p

PRC76 (2006) 0450205

Δ++

Re Ecm

Im
 E cm

sheet II

sheet I

Ecm

Resonances are poles of 
the scattering amplitude

Δ(1232)
Re Ecm

Im Ecm



Vincent Mathieu HADNUCMAT 17

Partial Waves Expansion COMPASS  PLB740 (2015)
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Partial Waves Expansion

black: ⇡⌘0

red:                 (scaled)⇡⌘Resonance in angular mom. L = 1 ?

L = 1 L = 2 L = 4

⇡1(1600)? a2(1320) a4(2040)

COMPASS  PLB740 (2015)
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Low Energy Fit of  L = 1,2
 vs π1(1400) π1(1600)

Rodas et al (JPAC) PRL122 (2019)
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Low Energy Fit of L = 1,2 Rodas et al (JPAC) PRL122 (2019)



Vincent Mathieu HADNUCMAT 20

Scalar mesons JPAC EPJC22 (2022) 80

Coupled channels analysis of BESIII data
J/ψ

γ
π−, K−

π+, K+

S-wave hosts rich scalar spectrum

  channel in preparationηη′￼
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S-wave hosts rich  
scalar spectrum

D-wave hosts known  
tensor mesons

Scalar mesons JPAC EPJC22 (2022) 80
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Summary

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger eqs,…

Predictions for future measurements

Known measurements, Regge theory, VMD, …

Data analysis
S-Matrix constraints, K-matrix fit…

Formalism and interpretation of observables

Polarization observables, moment expansion, …

22
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See also GlueX, arXiv:2407.03316
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 Photoproduction@GlueXηπ0

a2(1320)

(Baryons have been ‘cut out’)

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

π0

a0, a2, π1

)2 Invariant Mass (GeV/c0πη
0.5 1 1.5 2 2.5 3 3.5 4 4.5

)2
Ev

en
ts

 / 
4 

(M
eV

/c

0

0.2

0.4

0.6

0.8

1

310×

Courtesy of  A. Austregesilo

?

<latexit sha1_base64="etkJk0cQ1hQE1K/ORU2Du82Bvtc=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSY1mLqy6MZlC/YBbSiT6aQdO5mEmYlQQr/AjQtF3PpJ7vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK5zv3NPpWKxuNXThPoRHgkWMoK1kZqXg3IF2d4Z8mouRDY6r1W9i5y4LnI86NhojgpYojEov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/mhM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzJpJUU0EWi8KUQx3D/Gs4ZJISzaeGYCKZuRWSMZaYaJNNyYTw9Sn8n7SrtuPabtOt1K+WcRTBETgGp8ABHqiDG9AALUAABQ/gCTxbd9aj9WK9LloL1nLmEPyA9fYJAeyNFw==</latexit>

` = 0

<latexit sha1_base64="ysYJQmHkce9pXiu+RxH8t1hskys=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgaZlNliQehKAXjxGMCSRLmJ3MJkNmH87MCmHJT3jxoIhXf8ebf+PkIahoQUNR1U13l58IrjTGH1ZuZXVtfSO/Wdja3tndK+4f3Ko4lZS1aCxi2fGJYoJHrKW5FqyTSEZCX7C2P76c+e17JhWPoxs9SZgXkmHEA06JNlKnx4RA5wj3iyVs44pzVisjbFdwtey6htQwrleqyLHxHCVYotkvvvcGMU1DFmkqiFJdByfay4jUnAo2LfRSxRJCx2TIuoZGJGTKy+b3TtGJUQYoiKWpSKO5+n0iI6FSk9A3nSHRI/Xbm4l/ed1UB3Uv41GSahbRxaIgFUjHaPY8GnDJqBYTQwiV3NyK6IhIQrWJqGBC+PoU/U9uy7bj2u61W2pcLOPIwxEcwyk4UIMGXEETWkBBwAM8wbN1Zz1aL9brojVnLWcO4Qest08O9Y9Y</latexit>

` =
2

<latexit sha1_base64="tx4j2nIJGKHGOguP+ugihiLq+kw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgaZlNliQehKAXjxGMCSRLmJ3MJkNmH87MCmHJT3jxoIhXf8ebf+PkIahoQUNR1U13l58IrjTGH1ZuZXVtfSO/Wdja3tndK+4f3Ko4lZS1aCxi2fGJYoJHrKW5FqyTSEZCX7C2P76c+e17JhWPoxs9SZgXkmHEA06JNlKnx4RA56jcL5awjSvOWa2MsF3B1bLrGlLDuF6pIsfGc5RgiWa/+N4bxDQNWaSpIEp1HZxoLyNScyrYtNBLFUsIHZMh6xoakZApL5vfO0UnRhmgIJamIo3m6veJjIRKTULfdIZEj9Rvbyb+5XVTHdS9jEdJqllEF4uCVCAdo9nzaMAlo1pMDCFUcnMroiMiCdUmooIJ4etT9D+5LduOa7vXbqlxsYwjD0dwDKfgQA0acAVNaAEFAQ/wBM/WnfVovVivi9actZw5hB+w3j4BEf2PWg==</latexit>

` = 1

<latexit sha1_base64="jpLt3fXoLipSIY6uLCs2AgeX63A=">AAAB73icdVDLSgNBEJz1GeMr6tHLYBA8LbNxceNBCHrxGME8IFnC7KQ3GTL7cGZWCCE/4cWDIl79HW/+jbNJBBUtaCiquunuClLBlSbkw1paXlldWy9sFDe3tnd2S3v7TZVkkkGDJSKR7YAqEDyGhuZaQDuVQKNAQCsYXeV+6x6k4kl8q8cp+BEdxDzkjGojtbsgBL7ATq9UJrZ3Sryqi4lNzqoV7zwnrkscDzs2maGMFqj3Su/dfsKyCGLNBFWq45BU+xMqNWcCpsVupiClbEQH0DE0phEofzK7d4qPjdLHYSJNxRrP1O8TExopNY4C0xlRPVS/vVz8y+tkOqz6Ex6nmYaYzReFmcA6wfnzuM8lMC3GhlAmubkVsyGVlGkTUdGE8PUp/p80K7bj2u6NW65dLuIooEN0hE6QgzxUQ9eojhqIIYEe0BN6tu6sR+vFep23LlmLmQP0A9bbJyJWj2U=</latexit>



Vincent Mathieu HADNUCMAT 26

γp → a2(1320)p :

CLAS PRL126 (2021)CLAS PRC 102 (2020)

VM et al (JPAC) PRD102 (2020)Tensor Meson Photoproduction @CLAS

p
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a2/f2

ω +
1
3

ρ
ω/ρ

Eγ = 4 GeV
Eγ = 5 GeV
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γp → f2(1270)p :

ρ +
1
3

ω

26

γp → a2(1320)p :

CLAS PRL126 (2021)CLAS PRC 102 (2020)

VM et al (JPAC) PRD102 (2020)Tensor Meson Photoproduction @CLAS

p
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<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

a2/f2

ω +
1
3

ρ
ω/ρ

Eγ = 4 GeV
Eγ = 5 GeV
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Tensor Meson Photoproduction @GlueX

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

π0

a2(1320)

Strong  signal in a2(1320) πη

Extraction of the cross-section

Extraction of all D-waves components

Production can occur via exchange of


- vector meson (positive reflectivity) or


-  axial-vector meson (negative reflectivity)

GlueX PRC112 (2025) 015204
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Double Regge @GlueX

a2(1320)

(Baryons have been ‘cut out’)
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Double Regge @GlueX

a2(1320)

(Baryons have been ‘cut out’)

All couplings are known 
from decays!

ρ → γπ0, γη
ω → γπ0, γη
ω → (ππ)ρπ

Or from SU(3) relations

gρρη = gωρπ cos ϕη

gωωη = gωρπ cos ϕη

(Analogous formulas for  )η′￼
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Double Regge @GlueX

Double Regge model including 
leading Regge poles with  
no free parameters

Compare predictions with 
CLAS data 
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Double Regge @GlueX

Double Regge model including 
leading Regge poles with  
no free parameters

Compare predictions with 
CLAS data 
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Double Regge @GlueX

Double Regge model including 
leading Regge poles with  
no free parameters

Compare predictions with 
CLAS data 
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Double Regge @GlueX
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Regge

Vector-Vector

Phase Space

GlueX

Double Regge model including 
leading Regge poles with  
no free parameters

Compare predictions with 
CLAS data 
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Summary

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

π1
π−π− Reaction model for both 

single Regge (resonances) 
and double Regge region

Two regions connected by FESR
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Summary

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

π1
π−π− Reaction model for both 

single Regge (resonances) 
and double Regge region

Two regions connected by FESR

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

π0
π1

Reaction model for both 
single Regge (only a2 resonance) 
and double Regge region
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~E

<latexit sha1_base64="LYzDUXxCdLpv2vuUPigYSfEIHJY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpIyOl0WRXBZwT6gHUomzbTRTGZIMoUy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLK6tr6RnGztLW9s7tX3j9o6SRTlDVpIhLVCYlmgkvWNNwI1kkVI3EoWDu8v5z57TFTmify1kxSFsRkKHnEKTFWavXGjMKrfrmCXORjjBFEruejsznB1XPPr0HsojkqYIlGv/zeGyQ0i5k0VBCtuxilJsiJMpwKNi31Ms1SQu/JkHUtlSRmOsjn107hiVUGMEqULWngXP0+kZNY60kc2s6YmJH+7c3Ev7xuZqJakHOZZoZJulgUZQKaBM5ehwOuGDViYgmhittbIR0RRaixAZVsCF+fwv9Jq+piz/VuvEr9YhlHERyBY3AKMPBBHVyDBmgCCu7AA3gCz07iPDovzuuiteAsZw7BDzhvn0aRjvM=</latexit>
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Courtesy of  A. Austregesilo

?

<latexit sha1_base64="etkJk0cQ1hQE1K/ORU2Du82Bvtc=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSY1mLqy6MZlC/YBbSiT6aQdO5mEmYlQQr/AjQtF3PpJ7vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK5zv3NPpWKxuNXThPoRHgkWMoK1kZqXg3IF2d4Z8mouRDY6r1W9i5y4LnI86NhojgpYojEov/eHMUkjKjThWKmegxLtZ1hqRjidlfqpogkmEzyiPUMFjqjys/mhM3hilCEMY2lKaDhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzJpJUU0EWi8KUQx3D/Gs4ZJISzaeGYCKZuRWSMZaYaJNNyYTw9Sn8n7SrtuPabtOt1K+WcRTBETgGp8ABHqiDG9AALUAABQ/gCTxbd9aj9WK9LloL1nLmEPyA9fYJAeyNFw==</latexit>

` = 0

<latexit sha1_base64="ysYJQmHkce9pXiu+RxH8t1hskys=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgaZlNliQehKAXjxGMCSRLmJ3MJkNmH87MCmHJT3jxoIhXf8ebf+PkIahoQUNR1U13l58IrjTGH1ZuZXVtfSO/Wdja3tndK+4f3Ko4lZS1aCxi2fGJYoJHrKW5FqyTSEZCX7C2P76c+e17JhWPoxs9SZgXkmHEA06JNlKnx4RA5wj3iyVs44pzVisjbFdwtey6htQwrleqyLHxHCVYotkvvvcGMU1DFmkqiFJdByfay4jUnAo2LfRSxRJCx2TIuoZGJGTKy+b3TtGJUQYoiKWpSKO5+n0iI6FSk9A3nSHRI/Xbm4l/ed1UB3Uv41GSahbRxaIgFUjHaPY8GnDJqBYTQwiV3NyK6IhIQrWJqGBC+PoU/U9uy7bj2u61W2pcLOPIwxEcwyk4UIMGXEETWkBBwAM8wbN1Zz1aL9brojVnLWcO4Qest08O9Y9Y</latexit>

` =
2

<latexit sha1_base64="tx4j2nIJGKHGOguP+ugihiLq+kw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgaZlNliQehKAXjxGMCSRLmJ3MJkNmH87MCmHJT3jxoIhXf8ebf+PkIahoQUNR1U13l58IrjTGH1ZuZXVtfSO/Wdja3tndK+4f3Ko4lZS1aCxi2fGJYoJHrKW5FqyTSEZCX7C2P76c+e17JhWPoxs9SZgXkmHEA06JNlKnx4RA56jcL5awjSvOWa2MsF3B1bLrGlLDuF6pIsfGc5RgiWa/+N4bxDQNWaSpIEp1HZxoLyNScyrYtNBLFUsIHZMh6xoakZApL5vfO0UnRhmgIJamIo3m6veJjIRKTULfdIZEj9Rvbyb+5XVTHdS9jEdJqllEF4uCVCAdo9nzaMAlo1pMDCFUcnMroiMiCdUmooIJ4etT9D+5LduOa7vXbqlxsYwjD0dwDKfgQA0acAVNaAEFAQ/wBM/WnfVovVivi9actZw5hB+w3j4BEf2PWg==</latexit>

` = 1

<latexit sha1_base64="jpLt3fXoLipSIY6uLCs2AgeX63A=">AAAB73icdVDLSgNBEJz1GeMr6tHLYBA8LbNxceNBCHrxGME8IFnC7KQ3GTL7cGZWCCE/4cWDIl79HW/+jbNJBBUtaCiquunuClLBlSbkw1paXlldWy9sFDe3tnd2S3v7TZVkkkGDJSKR7YAqEDyGhuZaQDuVQKNAQCsYXeV+6x6k4kl8q8cp+BEdxDzkjGojtbsgBL7ATq9UJrZ3Sryqi4lNzqoV7zwnrkscDzs2maGMFqj3Su/dfsKyCGLNBFWq45BU+xMqNWcCpsVupiClbEQH0DE0phEofzK7d4qPjdLHYSJNxRrP1O8TExopNY4C0xlRPVS/vVz8y+tkOqz6Ex6nmYaYzReFmcA6wfnzuM8lMC3GhlAmubkVsyGVlGkTUdGE8PUp/p80K7bj2u6NW65dLuIooEN0hE6QgzxUQ9eojhqIIYEe0BN6tu6sR+vFep23LlmLmQP0A9bbJyJWj2U=</latexit>

Angular Distribution

⇡

<latexit sha1_base64="EgeiNgJ7KOCWCdXraFntnRifNOs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u5rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP1IDjdQ=</latexit>

⌘

<latexit sha1_base64="oUXrwJzLybfSfdix2r0aZW3cr2A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA450WK25dXcBsk68gtSgQGtY/RqMYpYqHiGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqURVdz42eLWObmwyoiEsbYVIVmovycyqoyZqcB2KooTs+rl4n9eP8Xwxs9ElKTII7ZcFKaSYEzyx8lIaM5QziyhTAt7K2ETqilDG0/FhuCtvrxOOld1r1FvPDRqzdsijjKcwTlcggfX0IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AAsojj8=</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

�

<latexit sha1_base64="igK7T06NdJFaIIEjBVfqpQCmvH8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0J6DHoxWME84BkCb2TSTJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1eccGZsEHx7a+sbm1vbhZ3i7t7+wWHp6LhpVKoJbRDFlW7HaChnkjYss5y2E01RxJy24vHtzG89UW2Ykg92ktBI4FCyASNondTsDlEI7JXKQSWYw18lYU7KkKPeK311+4qkgkpLOBrTCYPERhlqywin02I3NTRBMsYh7TgqUVATZfNrp/65U/r+QGlX0vpz9fdEhsKYiYhdp0A7MsveTPzP66R2cB1lTCappZIsFg1S7lvlz173+0xTYvnEESSauVt9MkKNxLqAii6EcPnlVdK8rITVSvW+Wq7d5HEU4BTO4AJCuIIa3EEdGkDgEZ7hFd485b14797HonXNy2dO4A+8zx+JMY8c</latexit>

p

<latexit sha1_base64="Tbe1MRtsNLR8GudB5aHgeCdQvWI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB3F+M+w==</latexit>

`

<latexit sha1_base64="gzzTmNy9u3d82OrzWzLhV9qQXyM=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU9jUYOqt6MVjBWMLbSib7aZdutmE3Y1QSn+DFw+KePUHefPfmLQVVPTBwOO9GWbmhang2mD8YZVWVtfWN8qbla3tnd296v7BnU4yRZlPE5GoTkg0E1wy33AjWCdVjMShYO1wfFX47XumNE/krZmkLIjJUPKIU2Jyye8xISr9ag3b3hn2Gi7CNj5v1L2Lgrgudjzk2HiOGizR6lffe4OEZjGThgqiddfBqQmmRBlOBZtVeplmKaFjMmTdnEoSMx1M58fO0EmuDFCUqLykQXP1+8SUxFpP4jDvjIkZ6d9eIf7ldTMTNYIpl2lmmKSLRVEmkElQ8TkacMWoEZOcEKp4fiuiI6IINXk+RQhfn6L/yV3ddlzbvXFrzctlHGU4gmM4BQc8aMI1tMAHChwe4AmeLWk9Wi/W66K1ZC1nDuEHrLdPtRmOow==</latexit>

/ Y m
` (✓,')

<latexit sha1_base64="DPTXp2Ggnxbbb04XlejB2wM8u+g=">AAACCnicbVC7SgNBFJ2NrxhfUUub1SBEkLArAS2DNpYRzEOyMcxO7maHzO4OM3cDIaS28VdsLBSx9Qvs/Bsnj0KjBwYO59zLnXN8KbhGx/myMkvLK6tr2fXcxubW9k5+d6+uk1QxqLFEJKrpUw2Cx1BDjgKaUgGNfAENv3818RsDUJon8S0OJbQj2ot5wBlFI3Xyh55UicTEvut4IMR9VPQwBKSn3oAqGfKTXCdfcErOFPZf4s5JgcxR7eQ/vW7C0ghiZIJq3XIdie0RVciZgHHOSzVIyvq0By1DYxqBbo+mUcb2sVG6dpAo82K0p+rPjRGNtB5GvpmMKIZ60ZuI/3mtFIOL9ojHMkWI2exQkArbRJ/0Yne5AoZiaAhlipu/2iykijI07U1KcBcj/yX1s5JbLpVvyoXK5byOLDkgR6RIXHJOKuSaVEmNMPJAnsgLebUerWfrzXqfjWas+c4++QXr4xtxlZoX</latexit>

I(⌦,�) ⇠ |
X

`,m

a`mY m
` (⌦)|2

<latexit sha1_base64="gCDR6+T1cglOnRx0LnGyf9wVu9Y="></latexit>

⌦ ⌘ (✓,')

<latexit sha1_base64="ClGy2tZqq17ybJYHLxohjVfMiDo=">AAACB3icbVDJSgNBEO1xN26jHgVpDIKChBkJ6DHoxZsKJgqZIdR0Kkljz2J3TSCE3Lz4K148KOLVX/Dm39hZDm4PCh7vVVFVL8qUNOR5n87U9Mzs3PzCYmFpeWV1zV3fqJk01wKrIlWpvonAoJIJVkmSwptMI8SRwuvo9nToX3dRG5kmV9TLMIyhnciWFEBWarjbwXmMbeAB3uWyy/cC6iDBQdAFnXXkfsMteiVvBP6X+BNSZBNcNNyPoJmKPMaEhAJj6r6XUdgHTVIoHBSC3GAG4hbaWLc0gRhN2B/9MeC7VmnyVqptJcRH6veJPsTG9OLIdsZAHfPbG4r/efWcWsdhXyZZTpiI8aJWrjilfBgKb0qNglTPEhBa2lu56IAGQTa6gg3B//3yX1I7LPnlUvmyXKycTOJYYFtsh+0xnx2xCjtjF6zKBLtnj+yZvTgPzpPz6ryNW6ecycwm+wHn/Qv27pi+</latexit>
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