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Overview

1. The ηπ System
• What we want to measure

2. The GlueX Experiment
• Large acceptance detector
• Polarized γ beam at 8.5 GeV

3. Amplitude Analysis of ηπ at GlueX
• γp → ηπ0p
• γp → ηπ−∆++

4. Outlook
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• The goal of GlueX is to map the spectrum of light hybrid mesons

• The η(
′)π system is an ideal place to start

• For orbital angular momentum L = 0, 1, 2, 3, .. of the η(′)π system,
we gain access to JPC

L S P D F ...

JPC 0++ 1−+ 2++ 3−+ ...

• ηπ in a P–wave results in exotic quantum numbers (non qq̄)

• Key questions:
1. What is the nature and

interpretation of the π1

(JPC = 1−+)?

2. How are hybrid states produced?

• Build foundation for hybrid
searches by studying ηπ
system

• Focus of this talk is on
a2(1320) → ηπ
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The GlueX Experiment
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The GlueX Experiment

• Linearly polarized photon beam

• Large acceptance for charged and neutral final state particles

• 120 pb−1 data collected in GlueX Phase–1 (Eγ = 8.2− 8.8 GeV)

Colin Gleason (Union College) September 5, 2022 5 / 17



η(
′)π Systems With GlueX

First stage: study known resonances (e.g. a0(980) → ηπ, a2(1320) → ηπ) to
build the foundation for hybrid meson searches at GlueX.

• Access to multiple channels:

1. γp → ηπ0p

• η → γγ
• η → π+π−π0

2. γp → ηπ−∆++

• η → γγ
• η → π+π−π0

3. γp → η′π0p,
η′ → π+π−η, η → γγ

4. γp → η′π−∆++,
η′ → π+π−η, η → γγ
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• Different decay modes should
contain same physics

⇒ Understand Acceptance
⇒ Handling of backgrounds

• Charged and neutral decays are
complementary

Colin Gleason (Union College) September 5, 2022 6 / 17



η(
′)π Systems With GlueX

First stage: study known resonances (e.g. a0(980) → ηπ, a2(1320) → ηπ) to
build the foundation for hybrid meson searches at GlueX.

• Access to multiple channels:

1. γp → ηπ0p

• η → γγ
• η → π+π−π0

2. γp → ηπ−∆++

• η → γγ
• η → π+π−π0

3. γp → η′π0p,
η′ → π+π−η, η → γγ

4. γp → η′π−∆++,
η′ → π+π−η, η → γγ

�

p

⌘

⇡0

p

a0(9
80)

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡
<latexit sha1_base64="WWw3diaXswm8vscPN1mxFwQPvLc=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJBIUZdFNy4r2Ac0oUym03boPMLMRAih/oobF4q49UPc+TdO2yy09cCFwzn3cu89ccKoNr7/7aytb2xubZd2yrt7+weH7tFxW8tUYdLCkknVjZEmjArSMtQw0k0UQTxmpBNPbmd+55EoTaV4MFlCIo5Ggg4pRsZKfbcSJrQWqrGshZKTEap5ntd3q77nzwFXSVCQKijQ7Ltf4UDilBNhMENa9wI/MVGOlKGYkWk5TDVJEJ6gEelZKhAnOsrnx0/hmVUGcCiVLWHgXP09kSOudcZj28mRGetlbyb+5/VSM7yOciqS1BCBF4uGKYNGwlkScEAVwYZlliCsqL0V4jFSCBubV9mGECy/vEraF15w6dXv69XGTRFHCZyAU3AOAnAFGuAONEELYJCBZ/AK3pwn58V5dz4WrWtOMVMBf+B8/gAQBpO/</latexit>⇡, ⇢, !, ...

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="dMhvg4ZkTrX+/y/X3eCoV4lFr5I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwUUJSSnqsujGZQX7gDaEyXTSDp08mJkIJWTjr7hxoYhbP8Odf+O0zUJbD9zL4Zx7mbnHTziTyra/jdLa+sbmVnm7srO7t39gHh51ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadef3M787iMVksXRg5om1A3xKGIBI1hpyTNPsJfZeU33el4bJMzLnLxmWZZnVm3LngOtEqcgVSjQ8syvwTAmaUgjRTiWsu/YiXIzLBQjnOaVQSppgskEj2hf0wiHVLrZ/IAcnWtliIJY6IoUmqu/NzIcSjkNfT0ZYjWWy95M/M/rpyq4djMWJamiEVk8FKQcqRjN0kBDJihRfKoJJoLpvyIyxgITpTOr6BCc5ZNXSaduOZdW475Rbd4UcZThFM7gAhy4gibcQQvaQCCHZ3iFN+PJeDHejY/FaMkodo7hD4zPH74ZlTc=</latexit> a0, a2, ⇡1, .
..

• Different decay modes should
contain same physics

⇒ Understand Acceptance
⇒ Handling of backgrounds

• Charged and neutral decays are
complementary

Colin Gleason (Union College) September 5, 2022 6 / 17



γp → ηπN

• Goal is to measure
a2 cross section as
a function of t

• Mass distributions
provide insight into
how resonances and
backgrounds evolve

0.1< −t < 0.3 GeV2
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⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0a2a0

a2
a0
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Angular Distributions in ηπ
Gottfried-Jackson Frame
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i

⌘0

⇡�

yGJ

✓GJ

Rest Frame of X

p0
⇡�

i

= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>
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• D1 (L = 2, m = 1) structure at ≈ 1300
MeV in ηπ− system (a2(1320))

• Similar to COMPASS D wave in ηπ−

(PLB 740, 303 (2015))
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Angular Distributions in ηπ
Gottfried-Jackson Frame
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i

⌘0

⇡�

yGJ

✓GJ

Rest Frame of X

p0
⇡�

i

= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>
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Angular Distributions in ηπ
Gottfried-Jackson Frame
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i

⌘0

⇡�

yGJ

✓GJ

Rest Frame of X

p0
⇡�

i

= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>

�com
i

↑
a2

• D2 (L = 2, m = 2) structure at ≈ 1300
MeV in ηπ0 system (a2(1320))

• Belle: γγ → ηπ0 sees a2 produced in
D2 state (PRD 80, 032001 (2009))
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Amplitude Analysis on γp → ηπN
Polarized Amplitudes (PRD 100 (2019) 5, 054017)

• Introduce polarized photoproduction amplitudes to incorporate beam polarization

• System described by Ω = θ, ϕ (in GJ or Helicity frame) and Φ, the polarization angle

I(Ω,Φ) ∝ (1− Pγ)
∣∣∑
ℓ

[ℓ]
(−)
m Re[Zm

ℓ (Ω,Φ)]
∣∣2+(1− Pγ)

∣∣∑
ℓ

[ℓ]
(+)
m Im[Zm

ℓ (Ω,Φ)]
∣∣2

+ (1+Pγ)
∣∣∑
ℓ

[ℓ]
(+)
m Re[Zm

ℓ (Ω,Φ)]
∣∣2+(1 + Pγ)

∣∣∑
ℓ

[ℓ]
(−)
m Im[Zm

ℓ (Ω,Φ)]
∣∣2

• Basis: Zm
l (Ω,Φ) = Y m

l (Ω)e−iΦ

• Fit [ℓ]±m coefficients to the data

• ± corresponds to the naturality of
exchange particle

• m = −ℓ, ..., ℓ

�

p

⌘

⇡0

p

a0(9
80)

<latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡
<latexit sha1_base64="WWw3diaXswm8vscPN1mxFwQPvLc=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJBIUZdFNy4r2Ac0oUym03boPMLMRAih/oobF4q49UPc+TdO2yy09cCFwzn3cu89ccKoNr7/7aytb2xubZd2yrt7+weH7tFxW8tUYdLCkknVjZEmjArSMtQw0k0UQTxmpBNPbmd+55EoTaV4MFlCIo5Ggg4pRsZKfbcSJrQWqrGshZKTEap5ntd3q77nzwFXSVCQKijQ7Ltf4UDilBNhMENa9wI/MVGOlKGYkWk5TDVJEJ6gEelZKhAnOsrnx0/hmVUGcCiVLWHgXP09kSOudcZj28mRGetlbyb+5/VSM7yOciqS1BCBF4uGKYNGwlkScEAVwYZlliCsqL0V4jFSCBubV9mGECy/vEraF15w6dXv69XGTRFHCZyAU3AOAnAFGuAONEELYJCBZ/AK3pwn58V5dz4WrWtOMVMBf+B8/gAQBpO/</latexit>⇡, ⇢, !, ...

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
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0 , D±

−1,0,1, D+
2 ) set chosen from tensor meson decay model

from JPAC (PRD 102 (2020))
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Amplitude Analysis on γp → ηπN
Polarized Amplitudes (PRD 100 (2019) 5, 054017)

• Introduce polarized photoproduction amplitudes to incorporate beam polarization

• System described by Ω = θ, ϕ (in GJ or Helicity frame) and Φ, the polarization angle

I(Ω,Φ) ∝ (1− Pγ)
∣∣∑
ℓ

[ℓ]
(−)
m Re[Zm

ℓ (Ω,Φ)]
∣∣2+(1− Pγ)

∣∣∑
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∣∣∑
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[ℓ]
(−)
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ℓ (Ω,Φ)]
∣∣2

• Basis: Zm
l (Ω,Φ) = Y m

l (Ω)e−iΦ

• Fit [ℓ]±m coefficients to the data

• ± corresponds to the naturality of
exchange particle

• m = −ℓ, ..., ℓ

�

p

⌘

⇡0

p
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Mass Independent Fit to γp → ηπ0p
0.1< −t <0.3 GeV2
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• Dominant structure in a0(980) is the
S+
0 wave ✓

• Large S+
0 under a2(1320)

• Leakage or acceptance effect?
• Contribution from other resonance?
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• D+
2 is the dominant D wave in the

a2(1320) region at low −t ✓

• Similar intensities of S+
0 and D+

2 ?
• Working on identifying a2(1700)

• Will need to identify correct waves and
confirm phase motion for hybrid search

• How does D wave evolve as a function
of −t?
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Model Semi-Independent Fit Approach

• Our goal is to try to extract t-dependent cross section of a2 → ηπ

• Initial strategy: mass independent fits to extract intensities, phase
difference

• Model independent, but challenges arise in waveset choice, ambiguities,
leakage, etc.

• New approach: “Model Semi-Independent” fit
• The a2(1320) is isolated, so we can limit the fit to the relevant mass

range
• Model a2(1320) with a relativistic Breit Wigner
• Phase-motion of D-wave (BW) serves as anchor-point in these fits,

may eliminate ambiguities
• S0 wave is fit on a bin by bin basis
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a2(1320) → ηπ0 Model Semi-Independent Fit
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“mass-independent” S-wave
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a2(1320): Breit-Wigner
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a2(1320) → ηπ0 Cross Section

• Good agreement between theory and data

• Systematic studies underway

• Inclusion of a2(1700) has significant impact on extracted cross section
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Mass Independent Fits for γp → ηπ−∆++
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• Dominant structure in a−0 (980) is the
S−
0 wave ✓

• Some S+
0 under a2(1320)

• a−2 (1320) should be dominated by D−
1
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• Dominant structure is D−
1 ✓

• unnatural (π) parity exchange
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Comparison of the Neutral and Charged Channels

a2(1320) → ηπ0

• Dominated by natural parity
(ρ, ω) exchange at low t

• m = 2 wave has the largest
contribution

a2(1320) → ηπ−

• Dominated by unnatural parity
(π) exchange at low t

• m = 1 wave has the largest
contribution

• Both channels have the D wave structure evolving with t

• Targeting a2(1320) production for a near term publication

• Laying the foundation for hybrid meson (P wave) searches at GlueX
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Outlook

• Large, high-quality data set with access to multiple ηπ channels

• Focusing on understanding a2 production before moving onto weaker
P wave

• Preliminary results are consistent with π, η production at low t

• Critical for us to understand a2(1700), phase motion, and alternative
processes

• Close relationship with theorists (JPAC) on interpretation of results

• Building the foundation for hybrid searches in η(
′)π

• GlueX Acknowledgments: gluex.org/thanks
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