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Briscoe, Strakovski, Workman, Schmidt, Kim, Fegan, Bashkanov, Watts



Hadron Spectroscopy

Composite nature of baryons gives rise to a rich excitation spectrum 
• Provide resonance properties for all accessible baryon states
• Understanding the internal structure of the nucleon and its 

fundamental degrees of freedoms
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V. Crede AIP Conf. Proc.



Hadron Spectroscopy
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Stolen from V. Crede

“Claims of evidence for new baryon states must be based on a sufficiently complete set of partial waves in the fit. “ PDG 22

Goal: Constrain the four 
complex amplitudes 

“Complete experiment”: 
8 well chosen observables 
(single, and double) 



Hadron Spectroscopy -- FROST
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Stolen from V. Crede

Phys. Rev. C 96, 065209

Phys. Lett. B 755, 64

Phys. Lett. B 750, 53

Phys. Lett. B 817, 136304

This Work



Beam-Helicity Asymmetry
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Beam-Helicity Asymmetry
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Experiment -- g9

• Tagged Photon beam (Polarised)
• Helicity flip at 30 Hz
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Event-by-event

Dedicated Moller runs



• Frozen Spin Target
• Butanol target

• Dynamically Polarized

• Spin frozen when 
target cooled at very 
low temp
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Experiment -- g9

See C. Keith talk here 22nd Spin Symposium

file:///Users/nick/Downloads/ckeith_SPIN16.pdf


Frost Experiment

• Target Polarization

• NMR measurement

• Run-by-run basis

• Loss of polarization ~1%/day
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Event Reconstruction

• Particle identification
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Event Reconstruction

• Photon Selection 
Events with 1 photon in 2ns beam
bucket where selected for further

analysis (10% of events removed)
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Data corrections

• Energy loss and momentum correction
• ELOSS package
• FROST momentum corrections (CLAS Analysis Note 2014-101)
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Reaction Reconstruction

• Missing Mass
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Dilution Factor
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Figure from CLAS Analysis Note 2014-101

Events originating from bound 
(unpolarized) nucleons dilute the 
observable
• Utilize Carbon data to 

estimate contributions
• Ice build-up complicated 

method 
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W = 1.41 GeV

cos ✓c.m.
⇡0 = [0.1, 0.2]

DF = 0.26

<latexit sha1_base64="uiCoK/ZK7QWp07o0XnO9aZ/bBkU="></latexit>

W = 1.31 GeV

cos ✓c.m.
⇡0 = [�0.88,�0.84]

DF = 0.13

<latexit sha1_base64="5QkC4VcFMt7bpSKQllHY3r1xtgo="></latexit>

W = 1.65 GeV

cos ✓c.m.
⇡0 = [�0.35,�0.25]

DF = 0.50

<latexit sha1_base64="fcT7MNp3meZ/YzfN4ExqQyCrIM8="></latexit>

W = 1.92 GeV

cos ✓c.m.
⇡0 = [0.25, 0.40]

DF = 0.24
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Constrain Bound Nucleon PDF using 
Carbon and Butanol sidebands

Dilution Extracted from fits to 
missing mass

<latexit sha1_base64="CIa4/fU9EC2Hrbe09nPY2pyF6V4=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARXJVEvG2EoiKupIK9QBvCZDpph04yYeZEKCELN76KGxeKuPUh3Pk2TtoutPWHgY//nMOZ8/sxZwps+9soLCwuLa8UV0tr6xubW+b2TlOJRBLaIIIL2faxopxFtAEMOG3HkuLQ57TlDy/zeuuBSsVEdA+jmLoh7kcsYASDtjyzfOVdn3cDiUl666Wx4FmWAwjIMs+s2FV7LGsenClU0FR1z/zq9gRJQhoB4VipjmPH4KZYAiOcZqVuomiMyRD3aUdjhEOq3HR8RGbta6dnBULqF4E1dn9PpDhUahT6ujPEMFCztdz8r9ZJIDhzUxbFCdCITBYFCbdAWHkiVo9JSoCPNGAimf6rRQZYJwI6t5IOwZk9eR6ah1XnpHp8d1SpXUzjKKIy2kMHyEGnqIZuUB01EEGP6Bm9ojfjyXgx3o2PSWvBmM7soj8yPn8Al2qYvQ==</latexit>

DF =
Npol

Ntot<latexit sha1_base64="TgvL//ISSdnsFXJJUNaaDH3GUJo="></latexit>

E =
1

DF
Eeff =

1

DF

1

PzP�

N"# �N""

N"# +N""
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<latexit sha1_base64="E0C1ZRSW2XtorIj4LfF/39JgBj4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiCC4r2Ae2Q8mkt21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEAuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4JvNbT6g0j+SDmcToh3Qo+YAzaqz02A2pGQVBejvtlStu1Z2BLBMvJxXIUe+Vv7r9iCUhSsME1brjubHxU6oMZwKnpW6iMaZsTIfYsVTSELWfzhJPyYlV+mQQKfukITP190ZKQ60nYWAns4R60cvE/7xOYgZXfsplnBiUbP7RIBHERCQ7n/S5QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqrn9+eV2nVeRxGO4BhOwYNLqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8frIyQ7g==</latexit> E
<latexit sha1_base64="MzuMg2fCLkluEm8EtP/8mNhai8k=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkIiRT0WvXisYD+gScNmu2mXbrJhdyKUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLww5UyB43wbpZXVtfWN8mZla3tnd8/cP2gpkUlCm0RwITshVpSzhDaBAaedVFIch5y2w9HN1G8/UKmYSO5hnFI/xoOERYxg0FJgHnlEKA+GFHCQeynrOZNeTuzYngRm1bGdGaxl4hakigo0AvPL6wuSxTQBwrFSXddJwc+xBEY4nVS8TNEUkxEe0K6mCY6p8vPZCxPrVCt9KxJSVwLWTP09keNYqXEc6s4Yw1AtelPxP6+bQXTl5yxJM6AJmS+KMm6BsKZ5WH0mKQE+1gQTyfStFhliiQno1Co6BHfx5WXSOrfdC7t2V6vWr4s4yugYnaAz5KJLVEe3qIGaiKBH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx9J7pdd</latexit>

cos ✓c.m.
⇡0

<latexit sha1_base64="P3YdgL+jbSHBTgUsSReCyt33rVI=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwtOxKSLwIAQ96jGAekCxhdjJJhsxjmZlVwxr/xIsHRbz6Jd78GyfJHjSxoKGo6qa7K4oZ1cb3v52V1bX1jc3cVn57Z3dv3y0cNLRMFCZ1LJlUrQhpwqggdUMNI61YEcQjRprR6HLqN++I0lSKWzOOScjRQNA+xchYqesWmheBV6o8dXgkH9Ir0ph03aLv+TPAZRJkpAgy1LruV6cnccKJMJghrduBH5swRcpQzMgk30k0iREeoQFpWyoQJzpMZ6dP4IlVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6Z/HqZUxIkhAs8X9RMGjYTTHGCPKoING1uCsKL2VoiHSCFsbFp5G0Kw+PIyaZx5Qdkr3ZSK1XIWRw4cgWNwCgJQAVVwDWqgDjC4B8/gFbw5j86L8+58zFtXnGzmEPyB8/kDFQeTOg==</latexit>

W = 1.47 GeV
<latexit sha1_base64="cOGo1+7Cm+AYuTvIoDc82mC4BB8=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgapiRWnUhFFzosoJ9QDuUTJppQ5PMkGTUMtY/ceNCEbd+iTv/xrSdhbYeuHA4517uvSeIGVXadb+t3NLyyupafr2wsbm1vWMXdxsqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBsPLid+8I1LRSNzqUUx8jvqChhQjbaSuXWxeeM7J+VOHB9FDekUa465dch13CrhIvIyUQIZa1/7q9CKccCI0ZkiptufG2k+R1BQzMi50EkVihIeoT9qGCsSJ8tPp6WN4aJQeDCNpSmg4VX9PpIgrNeKB6eRID9S8NxH/89qJDs/8lIo40UTg2aIwYVBHcJID7FFJsGYjQxCW1NwK8QBJhLVJq2BC8OZfXiSNY8erOOWbcqlayeLIg31wAI6AB05BFVyDGqgDDO7BM3gFb9aj9WK9Wx+z1pyVzeyBP7A+fwAZtZM9</latexit>

W = 1.59 GeV

<latexit sha1_base64="TVzVX6tgWMEYYNrOYJP3JKnfnVc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VXJOYiBDzoMYJ5QLKE2ckkGTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurihmVBvf/3ZyK6tr6xv5zcLW9s7unlvcb2iZKEzqWDKpWhHShFFB6oYaRlqxIohHjDSj0eXUb94RpakUt2Yck5CjgaB9ipGxUtctNi8Cr+I/dXgkH9Ir0ph03ZLv+TPAZRJkpAQy1LruV6cnccKJMJghrduBH5swRcpQzMik0Ek0iREeoQFpWyoQJzpMZ6dP4LFVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6ZfCVMq4sQQgeeL+gmDRsJpDrBHFcGGjS1BWFF7K8RDpBA2Nq2CDSFYfHmZNE69oOyd3ZyVquUsjjw4BEfgBATgHFTBNaiBOsDgHjyDV/DmPDovzrvzMW/NOdnMAfgD5/MHEF6TNw==</latexit>

W = 1.80 GeV
<latexit sha1_base64="a0NSqqVRy8tIz5S3SSXauOsK/Xk=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7ArkngRAh70GME8IFnC7GQ2GTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurjBmVBvP+3ZyK6tr6xv5zcLW9s7unlvcb2qZKEwaWDKp2iHShFFBGoYaRtqxIoiHjLTC0eXUb90RpakUt2Yck4CjgaARxchYqecWWxenZb/61OWhfEivSHPSc0te2ZsBLhM/IyWQod5zv7p9iRNOhMEMad3xvdgEKVKGYkYmhW6iSYzwCA1Ix1KBONFBOjt9Ao+t0oeRVLaEgTP190SKuNZjHtpOjsxQL3pT8T+vk5joPEipiBNDBJ4vihIGjYTTHGCfKoING1uCsKL2VoiHSCFsbFoFG4K/+PIyadroKuWzm7NSrZLFkQeH4AicAB9UQQ1cgzpoAAzuwTN4BW/Oo/PivDsf89ack80cgD9wPn8AEemTOA==</latexit>

W = 2.17 GeV
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1 CB-ELSA 
CLAS Data• Reasonable agreement between 

published data and CLAS

• CLAS data provide larger kinematic 
coverage (to higher/lower W) with 
higher precision

• PWA (SAID, Bonn-Gatchina, MAID) 
predict data well at lower W



Results

<latexit sha1_base64="E0C1ZRSW2XtorIj4LfF/39JgBj4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiCC4r2Ae2Q8mkt21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEAuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4JvNbT6g0j+SDmcToh3Qo+YAzaqz02A2pGQVBejvtlStu1Z2BLBMvJxXIUe+Vv7r9iCUhSsME1brjubHxU6oMZwKnpW6iMaZsTIfYsVTSELWfzhJPyYlV+mQQKfukITP190ZKQ60nYWAns4R60cvE/7xOYgZXfsplnBiUbP7RIBHERCQ7n/S5QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqrn9+eV2nVeRxGO4BhOwYNLqMEd1KEBDCQ8wyu8Odp5cd6dj/lowcl3DuEPnM8frIyQ7g==</latexit> E

<latexit sha1_base64="MzuMg2fCLkluEm8EtP/8mNhai8k=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkIiRT0WvXisYD+gScNmu2mXbrJhdyKUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLww5UyB43wbpZXVtfWN8mZla3tnd8/cP2gpkUlCm0RwITshVpSzhDaBAaedVFIch5y2w9HN1G8/UKmYSO5hnFI/xoOERYxg0FJgHnlEKA+GFHCQeynrOZNeTuzYngRm1bGdGaxl4hakigo0AvPL6wuSxTQBwrFSXddJwc+xBEY4nVS8TNEUkxEe0K6mCY6p8vPZCxPrVCt9KxJSVwLWTP09keNYqXEc6s4Yw1AtelPxP6+bQXTl5yxJM6AJmS+KMm6BsKZ5WH0mKQE+1gQTyfStFhliiQno1Co6BHfx5WXSOrfdC7t2V6vWr4s4yugYnaAz5KJLVEe3qIGaiKBH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx9J7pdd</latexit>

cos ✓c.m.
⇡0

<latexit sha1_base64="7BBEnr1DpIjm3vMIQp8mrTFePvs=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBT6mMjFFzosoJ9QDuUTJppQzPJkGTUMtY/ceNCEbd+iTv/xrSdhbYeuHA4517uvSeIGVXadb+t3Mrq2vpGfrOwtb2zu2cX95tKJBKTBhZMyHaAFGGUk4ammpF2LAmKAkZawehy6rfuiFRU8Fs9jokfoQGnIcVIG6lnF1sXnlM5eepGgXhIr0hz0rNLruPOAJeJl5ESyFDv2V/dvsBJRLjGDCnV8dxY+ymSmmJGJoVuokiM8AgNSMdQjiKi/HR2+gQeG6UPQyFNcQ1n6u+JFEVKjaPAdEZID9WiNxX/8zqJDs/9lPI40YTj+aIwYVALOM0B9qkkWLOxIQhLam6FeIgkwtqkVTAheIsvL5NmxfFOnepNtVQrZ3HkwSE4AmXggTNQA9egDhoAg3vwDF7Bm/VovVjv1se8NWdlMwfgD6zPHwqTkyg=</latexit>

W = 1.25 GeV
<latexit sha1_base64="fpuUSI7GywhBPzb4Y3bKltUu0ME=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkXoKiSlWDdCwYUuK9gHtKFMppN26DzCzEQtsf6JGxeKuPVL3Pk3TtsstPXAhcM593LvPWFMidKe923l1tY3Nrfy24Wd3b39A7t42FIikQg3kaBCdkKoMCUcNzXRFHdiiSELKW6H48uZ377DUhHBb/UkxgGDQ04igqA2Ut8uti98t1J76rFQPKRXuDXt2yXP9eZwVomfkRLI0OjbX72BQAnDXCMKler6XqyDFEpNEMXTQi9ROIZoDIe4ayiHDKsgnZ8+dU6NMnAiIU1x7czV3xMpZEpNWGg6GdQjtezNxP+8bqKj8yAlPE405mixKEqoo4Uzy8EZEImRphNDIJLE3OqgEZQQaZNWwYTgL7+8SloV1z9zqzfVUr2cxZEHx+AElIEPaqAOrkEDNAEC9+AZvII369F6sd6tj0VrzspmjsAfWJ8/DbGTKg==</latexit>

W = 1.27 GeV
<latexit sha1_base64="5EcwD5hfz0UNW1wYejOTNCidEAE=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBTio+FUHChywr2Ae1QMmmmDc0kQ5JRy1j/xI0LRdz6Je78G9N2Ftp64MLhnHu5954gZlRp1/22ciura+sb+c3C1vbO7p5d3G8qkUhMGlgwIdsBUoRRThqaakbasSQoChhpBaPLqd+6I1JRwW/1OCZ+hAachhQjbaSeXWxdeE7l/KkbBeIhvSLNSc8uuY47A1wmXkZKIEO9Z391+wInEeEaM6RUx3Nj7adIaooZmRS6iSIxwiM0IB1DOYqI8tPZ6RN4bJQ+DIU0xTWcqb8nUhQpNY4C0xkhPVSL3lT8z+skOjzzU8rjRBOO54vChEEt4DQH2KeSYM3GhiAsqbkV4iGSCGuTVsGE4C2+vEyaFcc7cao31VKtnMWRB4fgCJSBB05BDVyDOmgADO7BM3gFb9aj9WK9Wx/z1pyVzRyAP7A+fwAQz5Ms</latexit>

W = 1.29 GeV
<latexit sha1_base64="w46ugn5znAyK3Dr7Q+Tkq2LPDns=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HIadnVoF6EgAc9RjAPSJYwO5kkQ+axzMyqYY1/4sWDIl79Em/+jZNkD5pY0FBUddPdFcWMauP7387S8srq2npuI7+5tb2z6xb26lomCpMalkyqZoQ0YVSQmqGGkWasCOIRI41oeDnxG3dEaSrFrRnFJOSoL2iPYmSs1HELjYvAOwme2jySD+kVqY87btH3/CngIgkyUgQZqh33q92VOOFEGMyQ1q3Aj02YImUoZmScbyeaxAgPUZ+0LBWIEx2m09PH8MgqXdiTypYwcKr+nkgR13rEI9vJkRnoeW8i/ue1EtM7D1Mq4sQQgWeLegmDRsJJDrBLFcGGjSxBWFF7K8QDpBA2Nq28DSGYf3mR1I+94NQr35SLlVIWRw4cgENQAgE4AxVwDaqgBjC4B8/gFbw5j86L8+58zFqXnGxmH/yB8/kDBeeTJQ==</latexit>

W = 1.31 GeV
<latexit sha1_base64="wh0PqCSAzcmnwkI9SeV+XIhwRlQ=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBji7oRCi50WcE+oB1KJs20oZlkSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9WbmV1bX0jv1nY2t7Z3bOL+00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHQ59Vt3RCoq+K0ex8SP0IDTkGKkjdSzi60Lz6lUnrpRIB7SK9Kc9OyS67gzwGXiZaQEMtR79le3L3ASEa4xQ0p1PDfWfoqkppiRSaGbKBIjPEID0jGUo4goP52dPoHHRunDUEhTXMOZ+nsiRZFS4ygwnRHSQ7XoTcX/vE6iw3M/pTxONOF4vihMGNQCTnOAfSoJ1mxsCMKSmlshHiKJsDZpFUwI3uLLy6R54ninTvWmWqqVszjy4BAcgTLwwBmogWtQBw2AwT14Bq/gzXq0Xqx362PemrOymQPwB9bnDwkFkyc=</latexit>

W = 1.33 GeV
<latexit sha1_base64="O7NbItg4AeNsK74E4UkE7JjVzPo=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TCj9bERCi50WcE+oB1KJs20oUlmSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9Wbml5ZXUtv17Y2Nza3rGLuw0VJRKTOo5YJFsBUoRRQeqaakZasSSIB4w0g+HlxG/eEaloJG71KCY+R31BQ4qRNlLXLjYvPOf45KnDg+ghvSKNcdcuuY47BVwkXkZKIEOta391ehFOOBEaM6RU23Nj7adIaooZGRc6iSIxwkPUJ21DBeJE+en09DE8NEoPhpE0JTScqr8nUsSVGvHAdHKkB2rem4j/ee1Eh+d+SkWcaCLwbFGYMKgjOMkB9qgkWLORIQhLam6FeIAkwtqkVTAhePMvL5LGkeOdOpWbSqlazuLIg31wAMrAA2egCq5BDdQBBvfgGbyCN+vRerHerY9Za87KZvbAH1ifPwwjkyk=</latexit>

W = 1.35 GeV
<latexit sha1_base64="NTn0sHetImMwSh40V36aPe76OlA=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkXoKiRarBuh4EKXFewD2lAm00k7dB5hZqKWWP/EjQtF3Pol7vwbp20W2nrgwuGce7n3njCmRGnP+7ZyK6tr6xv5zcLW9s7unl3cbyqRSIQbSFAh2yFUmBKOG5poituxxJCFFLfC0eXUb91hqYjgt3oc44DBAScRQVAbqWcXWxe+e1p96rJQPKRXuDnp2SXP9WZwlomfkRLIUO/ZX92+QAnDXCMKler4XqyDFEpNEMWTQjdROIZoBAe4YyiHDKsgnZ0+cY6N0nciIU1x7czU3xMpZEqNWWg6GdRDtehNxf+8TqKj8yAlPE405mi+KEqoo4UzzcHpE4mRpmNDIJLE3OqgIZQQaZNWwYTgL768TJonrn/mVm4qpVo5iyMPDsERKAMfVEENXIM6aAAE7sEzeAVv1qP1Yr1bH/PWnJXNHIA/sD5/AA9Bkys=</latexit>

W = 1.37 GeV

<latexit sha1_base64="9ewrBhV9cSzoMh9PUZAg/NcDzT8=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TCjxcdCKLjQZQX7gHYomTTThiaZIcmoZax/4saFIm79Enf+jWk7C209cOFwzr3ce08QM6q0635buaXlldW1/HphY3Nre8cu7jZUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDIaXE795R6SikbjVo5j4HPUFDSlG2khdu9i88Jzj86cOD6KH9Io0xl275DruFHCReBkpgQy1rv3V6UU44URozJBSbc+NtZ8iqSlmZFzoJIrECA9Rn7QNFYgT5afT08fw0Cg9GEbSlNBwqv6eSBFXasQD08mRHqh5byL+57UTHZ75KRVxoonAs0VhwqCO4CQH2KOSYM1GhiAsqbkV4gGSCGuTVsGE4M2/vEgaR4534lRuKqVqOYsjD/bBASgDD5yCKrgGNVAHGNyDZ/AK3qxH68V6tz5mrTkrm9kDf2B9/gASX5Mt</latexit>

W = 1.39 GeV
<latexit sha1_base64="8Rc87IXzLCy6/sgMaW+0eFR2Ww0=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTsuuBPUiBDzoMYJ5QLKE2ckkGTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurihmVBvf/3ZyK6tr6xv5zcLW9s7unlvcb2iZKEzqWDKpWhHShFFB6oYaRlqxIohHjDSj0eXUb94RpakUt2Yck5CjgaB9ipGxUtctNi8CrxI8dXgkH9Ir0ph03ZLv+TPAZRJkpAQy1LruV6cnccKJMJghrduBH5swRcpQzMik0Ek0iREeoQFpWyoQJzpMZ6dP4LFVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6Z/HqZUxIkhAs8X9RMGjYTTHGCPKoING1uCsKL2VoiHSCFsbFoFG0Kw+PIyaZx4walXuamUquUsjjw4BEegDAJwBqrgGtRAHWBwD57BK3hzHp0X5935mLfmnGzmAPyB8/kDB3eTJg==</latexit>

W = 1.41 GeV
<latexit sha1_base64="64Zu4BpeWGg+indAMEugTdAZTXQ=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HIadnVoF6EgAc9RjAPSJYwO5kkQ+axzMyqYY1/4sWDIl79Em/+jZNkD5pY0FBUddPdFcWMauP7387S8srq2npuI7+5tb2z6xb26lomCpMalkyqZoQ0YVSQmqGGkWasCOIRI41oeDnxG3dEaSrFrRnFJOSoL2iPYmSs1HELjYvAK588tXkkH9IrUh933KLv+VPARRJkpAgyVDvuV7srccKJMJghrVuBH5swRcpQzMg43040iREeoj5pWSoQJzpMp6eP4ZFVurAnlS1h4FT9PZEirvWIR7aTIzPQ895E/M9rJaZ3HqZUxIkhAs8W9RIGjYSTHGCXKoING1mCsKL2VogHSCFsbFp5G0Iw//IiqR97walXvikXK6Usjhw4AIegBAJwBirgGlRBDWBwD57BK3hzHp0X5935mLUuOdnMPvgD5/MHCpWTKA==</latexit>

W = 1.43 GeV
<latexit sha1_base64="HrOvg/CnFLh59ixaMStof9Veslg=">AAAB+nicbVDJSgNBEO1xjXGb6NFLYxByGmYkLhch4EGPEcwCyRB6Op2kSS9Dd48axvgnXjwo4tUv8ebf2EnmoIkPCh7vVVFVL4oZ1cb3v52l5ZXVtfXcRn5za3tn1y3s1bVMFCY1LJlUzQhpwqggNUMNI81YEcQjRhrR8HLiN+6I0lSKWzOKSchRX9AexchYqeMWGheBVz55avNIPqRXpD7uuEXf86eAiyTISBFkqHbcr3ZX4oQTYTBDWrcCPzZhipShmJFxvp1oEiM8RH3SslQgTnSYTk8fwyOrdGFPKlvCwKn6eyJFXOsRj2wnR2ag572J+J/XSkzvPEypiBNDBJ4t6iUMGgknOcAuVQQbNrIEYUXtrRAPkELY2LTyNoRg/uVFUj/2glOvfFMuVkpZHDlwAA5BCQTgDFTANaiCGsDgHjyDV/DmPDovzrvzMWtdcrKZffAHzucPDbOTKg==</latexit>

W = 1.45 GeV
<latexit sha1_base64="BMqSvYRRIiS9TMVayMtG6lbtpn8=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HIadmVYLwIAQ96jGAekCxhdjJJhsxjmZlVwxr/xIsHRbz6Jd78GyfJHjSxoKGo6qa7K4oZ1cb3v52V1bX1jc3cVn57Z3dv3y0cNLRMFCZ1LJlUrQhpwqggdUMNI61YEcQjRprR6HLqN++I0lSKWzOOScjRQNA+xchYqesWmheBV648dXgkH9Ir0ph03aLv+TPAZRJkpAgy1LruV6cnccKJMJghrduBH5swRcpQzMgk30k0iREeoQFpWyoQJzpMZ6dP4IlVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6Z/HqZUxIkhAs8X9RMGjYTTHGCPKoING1uCsKL2VoiHSCFsbFp5G0Kw+PIyaZx6wZlXvikXq6Usjhw4AsegBAJQAVVwDWqgDjC4B8/gFbw5j86L8+58zFtXnGzmEPyB8/kDENGTLA==</latexit>

W = 1.47 GeV
<latexit sha1_base64="59eCGeQBG8LNb4hdTYqsE3FQDZ0=">AAAB+nicbVDJSgNBEO1xjXGb6NFLYxByGmYkuByEgAc9RjALJEPo6XSSJr0M3T1qGOOfePGgiFe/xJt/YyeZgyY+KHi8V0VVvShmVBvf/3aWlldW19ZzG/nNre2dXbewV9cyUZjUsGRSNSOkCaOC1Aw1jDRjRRCPGGlEw8uJ37gjSlMpbs0oJiFHfUF7FCNjpY5baFwEXvn8qc0j+ZBekfq44xZ9z58CLpIgI0WQodpxv9pdiRNOhMEMad0K/NiEKVKGYkbG+XaiSYzwEPVJy1KBONFhOj19DI+s0oU9qWwJA6fq74kUca1HPLKdHJmBnvcm4n9eKzG9szClIk4MEXi2qJcwaCSc5AC7VBFs2MgShBW1t0I8QAphY9PK2xCC+ZcXSf3YC0688k25WCllceTAATgEJRCAU1AB16AKagCDe/AMXsGb8+i8OO/Ox6x1yclm9sEfOJ8/E++TLg==</latexit>

W = 1.49 GeV
<latexit sha1_base64="aTvdWFgEFwxQwLitqNYdH8uc7FA=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoOQ0zAjbhch4EGPEcwCyRB6Op2kSS9Dd48axvgnXjwo4tUv8ebf2EnmoIkPCh7vVVFVL4oZ1cb3v53c0vLK6lp+vbCxubW94xZ361omCpMalkyqZoQ0YVSQmqGGkWasCOIRI41oeDnxG3dEaSrFrRnFJOSoL2iPYmSs1HGLjYvAOwme2jySD+kVqY87bsn3/CngIgkyUgIZqh33q92VOOFEGMyQ1q3Aj02YImUoZmRcaCeaxAgPUZ+0LBWIEx2m09PH8NAqXdiTypYwcKr+nkgR13rEI9vJkRnoeW8i/ue1EtM7D1Mq4sQQgWeLegmDRsJJDrBLFcGGjSxBWFF7K8QDpBA2Nq2CDSGYf3mR1I+84NQ7vjkuVcpZHHmwDw5AGQTgDFTANaiCGsDgHjyDV/DmPDovzrvzMWvNOdnMHvgD5/MHCQeTJw==</latexit>

W = 1.51 GeV

<latexit sha1_base64="KdZ5mnThVj/qK2BDWbK6a7nSrVo=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TCj9bERCi50WcE+oB1KJs20oUlmSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9Wbml5ZXUtv17Y2Nza3rGLuw0VJRKTOo5YJFsBUoRRQeqaakZasSSIB4w0g+HlxG/eEaloJG71KCY+R31BQ4qRNlLXLjYvPOfk+KnDg+ghvSKNcdcuuY47BVwkXkZKIEOta391ehFOOBEaM6RU23Nj7adIaooZGRc6iSIxwkPUJ21DBeJE+en09DE8NEoPhpE0JTScqr8nUsSVGvHAdHKkB2rem4j/ee1Eh+d+SkWcaCLwbFGYMKgjOMkB9qgkWLORIQhLam6FeIAkwtqkVTAhePMvL5LGkeOdOpWbSqlazuLIg31wAMrAA2egCq5BDdQBBvfgGbyCN+vRerHerY9Za87KZvbAH1ifPwwlkyk=</latexit>

W = 1.53 GeV
<latexit sha1_base64="ddX5odHiSL4wtPOx8sUo8+UymvM=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjrboRCi50WcE+oB1KJs20oZlkSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9WbmV1bX0jv1nY2t7Z3bOL+00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHQ59Vt3RCoq+K0ex8SP0IDTkGKkjdSzi60Lz6lWn7pRIB7SK9Kc9OyS67gzwGXiZaQEMtR79le3L3ASEa4xQ0p1PDfWfoqkppiRSaGbKBIjPEID0jGUo4goP52dPoHHRunDUEhTXMOZ+nsiRZFS4ygwnRHSQ7XoTcX/vE6iw3M/pTxONOF4vihMGNQCTnOAfSoJ1mxsCMKSmlshHiKJsDZpFUwI3uLLy6R54ninTuWmUqqVszjy4BAcgTLwwBmogWtQBw2AwT14Bq/gzXq0Xqx362PemrOymQPwB9bnDw9Dkys=</latexit>

W = 1.55 GeV
<latexit sha1_base64="mAygzRqhElmDOjw9NF+RPEdY7jM=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAj1boRCi50WcE+oB1KJs20oZlkSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9WbmV1bX0jv1nY2t7Z3bOL+00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHQ59Vt3RCoq+K0ex8SP0IDTkGKkjdSzi60LzzmtPnWjQDykV6Q56dkl13FngMvEy0gJZKj37K9uX+AkIlxjhpTqeG6s/RRJTTEjk0I3USRGeIQGpGMoRxFRfjo7fQKPjdKHoZCmuIYz9fdEiiKlxlFgOiOkh2rRm4r/eZ1Eh+d+SnmcaMLxfFGYMKgFnOYA+1QSrNnYEIQlNbdCPEQSYW3SKpgQvMWXl0nzxPHOnMpNpVQrZ3HkwSE4AmXggSqogWtQBw2AwT14Bq/gzXq0Xqx362PemrOymQPwB9bnDxJhky0=</latexit>

W = 1.57 GeV
<latexit sha1_base64="CtRc1jfzsa3xaMRhAialQWB95NQ=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkXoKiRSXwuh4EKXFewD2lAm00k7dB5hZqKWWP/EjQtF3Pol7vwbp20W2nrgwuGce7n3njCmRGnP+7ZyS8srq2v59cLG5tb2jl3cbSiRSITrSFAhWyFUmBKO65poiluxxJCFFDfD4eXEb95hqYjgt3oU44DBPicRQVAbqWsXmxe+e3z+1GGheEivcGPctUue603hLBI/IyWQoda1vzo9gRKGuUYUKtX2vVgHKZSaIIrHhU6icAzREPZx21AOGVZBOj197BwapedEQpri2pmqvydSyJQasdB0MqgHat6biP957URHZ0FKeJxozNFsUZRQRwtnkoPTIxIjTUeGQCSJudVBAygh0iatggnBn395kTSOXP/ErdxUStVyFkce7IMDUAY+OAVVcA1qoA4QuAfP4BW8WY/Wi/Vufcxac1Y2swf+wPr8ARV/ky8=</latexit>

W = 1.59 GeV
<latexit sha1_base64="SFCg9avda5oInBEMhgMePOlNI+8=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTsuuSPQiBDzoMYJ5QLKE2ckkGTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurihmVBvf/3ZyK6tr6xv5zcLW9s7unlvcb2iZKEzqWDKpWhHShFFB6oYaRlqxIohHjDSj0eXUb94RpakUt2Yck5CjgaB9ipGxUtctNi8CrxI8dXgkH9Ir0ph03ZLv+TPAZRJkpAQy1LruV6cnccKJMJghrduBH5swRcpQzMik0Ek0iREeoQFpWyoQJzpMZ6dP4LFVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6Z/HqZUxIkhAs8X9RMGjYTTHGCPKoING1uCsKL2VoiHSCFsbFoFG0Kw+PIyaZx4QcU7vTktVctZHHlwCI5AGQTgDFTBNaiBOsDgHjyDV/DmPDovzrvzMW/NOdnMAfgD5/MHCpeTKA==</latexit>

W = 1.61 GeV
<latexit sha1_base64="2ryCplNKZFHVAnymC8V2eEELNEM=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkXoKiRaqhuh4EKXFewD2lAm00k7dB5hZqKWWP/EjQtF3Pol7vwbp20W2nrgwuGce7n3njCmRGnP+7ZyK6tr6xv5zcLW9s7unl3cbyqRSIQbSFAh2yFUmBKOG5poituxxJCFFLfC0eXUb91hqYjgt3oc44DBAScRQVAbqWcXWxe+Wz196rJQPKRXuDnp2SXP9WZwlomfkRLIUO/ZX92+QAnDXCMKler4XqyDFEpNEMWTQjdROIZoBAe4YyiHDKsgnZ0+cY6N0nciIU1x7czU3xMpZEqNWWg6GdRDtehNxf+8TqKj8yAlPE405mi+KEqoo4UzzcHpE4mRpmNDIJLE3OqgIZQQaZNWwYTgL768TJonrl91KzeVUq2cxZEHh+AIlIEPzkANXIM6aAAE7sEzeAVv1qP1Yr1bH/PWnJXNHIA/sD5/AA21kyo=</latexit>

W = 1.63 GeV
<latexit sha1_base64="/iLeUGRbXCzeeOOX7aQ5mD2iWas=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjtboRCi50WcE+oB1KJs20oZlkSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9WbmV1bX0jv1nY2t7Z3bOL+00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHQ59Vt3RCoq+K0ex8SP0IDTkGKkjdSzi60Lz6mePnWjQDykV6Q56dkl13FngMvEy0gJZKj37K9uX+AkIlxjhpTqeG6s/RRJTTEjk0I3USRGeIQGpGMoRxFRfjo7fQKPjdKHoZCmuIYz9fdEiiKlxlFgOiOkh2rRm4r/eZ1Eh+d+SnmcaMLxfFGYMKgFnOYA+1QSrNnYEIQlNbdCPEQSYW3SKpgQvMWXl0nzxPGqTuWmUqqVszjy4BAcgTLwwBmogWtQBw2AwT14Bq/gzXq0Xqx362PemrOymQPwB9bnDxDTkyw=</latexit>

W = 1.65 GeV

<latexit sha1_base64="I41hESi9oi08axcModPbhpDORnw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjpXUjFFzosoJ9QDuUTJppQ5PJkGTUMtY/ceNCEbd+iTv/xrSdhbYeuHA4517uvSeIGVXadb+t3Nr6xuZWfruws7u3f2AXD1tKJBKTJhZMyE6AFGE0Ik1NNSOdWBLEA0bawfhy5rfviFRURLd6EhOfo2FEQ4qRNlLfLrYvPKdae+rxQDykV6Q17dsl13HngKvEy0gJZGj07a/eQOCEk0hjhpTqem6s/RRJTTEj00IvUSRGeIyGpGtohDhRfjo/fQpPjTKAoZCmIg3n6u+JFHGlJjwwnRzpkVr2ZuJ/XjfR4bmf0ihONInwYlGYMKgFnOUAB1QSrNnEEIQlNbdCPEISYW3SKpgQvOWXV0nrzPGqTuWmUqqXszjy4BicgDLwQA3UwTVogCbA4B48g1fwZj1aL9a79bFozVnZzBH4A+vzBxPxky4=</latexit>

W = 1.67 GeV
<latexit sha1_base64="q2QWTv1U4L7YXqpCK6OxT+NpYOQ=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjpepCKLjQZQX7gHYomTTThmaSIcmoZax/4saFIm79Enf+jWk7C209cOFwzr3ce08QM6q0635buZXVtfWN/GZha3tnd88u7jeVSCQmDSyYkO0AKcIoJw1NNSPtWBIUBYy0gtHl1G/dEamo4Ld6HBM/QgNOQ4qRNlLPLrYuPKd6/tSNAvGQXpHmpGeXXMedAS4TLyMlkKHes7+6fYGTiHCNGVKq47mx9lMkNcWMTArdRJEY4REakI6hHEVE+ens9Ak8NkofhkKa4hrO1N8TKYqUGkeB6YyQHqpFbyr+53USHZ75KeVxognH80VhwqAWcJoD7FNJsGZjQxCW1NwK8RBJhLVJq2BC8BZfXibNE8erOpWbSqlWzuLIg0NwBMrAA6egBq5BHTQABvfgGbyCN+vRerHerY95a87KZg7AH1ifPxcPkzA=</latexit>

W = 1.69 GeV
<latexit sha1_base64="ZxYLA5YIz6PRqpRh3aYiJGalRuY=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkXoKiRarBuh4EKXFewD2lAm00k7dB5hZqKWWP/EjQtF3Pol7vwbp20W2nrgwuGce7n3njCmRGnP+7ZyK6tr6xv5zcLW9s7unl3cbyqRSIQbSFAh2yFUmBKOG5poituxxJCFFLfC0eXUb91hqYjgt3oc44DBAScRQVAbqWcXWxe+Wz196rJQPKRXuDnp2SXP9WZwlomfkRLIUO/ZX92+QAnDXCMKler4XqyDFEpNEMWTQjdROIZoBAe4YyiHDKsgnZ0+cY6N0nciIU1x7czU3xMpZEqNWWg6GdRDtehNxf+8TqKj8yAlPE405mi+KEqoo4UzzcHpE4mRpmNDIJLE3OqgIZQQaZNWwYTgL768TJonrn/mVm4qpVo5iyMPDsERKAMfVEENXIM6aAAE7sEzeAVv1qP1Yr1bH/PWnJXNHIA/sD5/AA9Fkys=</latexit>

W = 1.73 GeV
<latexit sha1_base64="Q90MRnzst/CdToidc12g8+h4Z9Q=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjpXUjFFzosoJ9QDuUTJppQ5PJkGTUMtY/ceNCEbd+iTv/xrSdhbYeuHA4517uvSeIGVXadb+t3Nr6xuZWfruws7u3f2AXD1tKJBKTJhZMyE6AFGE0Ik1NNSOdWBLEA0bawfhy5rfviFRURLd6EhOfo2FEQ4qRNlLfLrYvPKdWferxQDykV6Q17dsl13HngKvEy0gJZGj07a/eQOCEk0hjhpTqem6s/RRJTTEj00IvUSRGeIyGpGtohDhRfjo/fQpPjTKAoZCmIg3n6u+JFHGlJjwwnRzpkVr2ZuJ/XjfR4bmf0ihONInwYlGYMKgFnOUAB1QSrNnEEIQlNbdCPEISYW3SKpgQvOWXV0nrzPGqTuWmUqqXszjy4BicgDLwQA3UwTVogCbA4B48g1fwZj1aL9a79bFozVnZzBH4A+vzBxPyky4=</latexit>

W = 1.76 GeV
<latexit sha1_base64="fo8vLujtQ3gADoA8zh1wNf5+DnI=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTsuuiOYiBDzoMYJ5QLKE2ckkGTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurihmVBvf/3ZyK6tr6xv5zcLW9s7unlvcb2iZKEzqWDKpWhHShFFB6oYaRlqxIohHjDSj0eXUb94RpakUt2Yck5CjgaB9ipGxUtctNi8Cr+I/dXgkH9Ir0ph03ZLv+TPAZRJkpAQy1LruV6cnccKJMJghrduBH5swRcpQzMik0Ek0iREeoQFpWyoQJzpMZ6dP4LFVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6ZfCVMq4sQQgeeL+gmDRsJpDrBHFcGGjS1BWFF7K8RDpBA2Nq2CDSFYfHmZNE684Mw7vTktVctZHHlwCI5AGQTgHFTBNaiBOsDgHjyDV/DmPDovzrvzMW/NOdnMAfgD5/MHDCiTKQ==</latexit>

W = 1.80 GeV
<latexit sha1_base64="Y5lc3v0yZTQqPQGi4fdeFVtISAk=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HIadmVoLkIAQ96jGAekCxhdjJJhsxjmZlVwxr/xIsHRbz6Jd78GyfJHjSxoKGo6qa7K4oZ1cb3v52V1bX1jc3cVn57Z3dv3y0cNLRMFCZ1LJlUrQhpwqggdUMNI61YEcQjRprR6HLqN++I0lSKWzOOScjRQNA+xchYqesWmheBVyk/dXgkH9Ir0ph03aLv+TPAZRJkpAgy1LruV6cnccKJMJghrduBH5swRcpQzMgk30k0iREeoQFpWyoQJzpMZ6dP4IlVerAvlS1h4Ez9PZEirvWYR7aTIzPUi95U/M9rJ6ZfCVMq4sQQgeeL+gmDRsJpDrBHFcGGjS1BWFF7K8RDpBA2Nq28DSFYfHmZNE694Mwr35SL1VIWRw4cgWNQAgE4B1VwDWqgDjC4B8/gFbw5j86L8+58zFtXnGzmEPyB8/kDEmSTLQ==</latexit>

W = 1.84 GeV
<latexit sha1_base64="0vs+7yQYM7t6HYXBEqXHIgQEzEw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTsuuiOYiBDzoMYJ5QLKE2ckkGTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurihmVBvf/3ZyK6tr6xv5zcLW9s7unlvcb2iZKEzqWDKpWhHShFFB6oYaRlqxIohHjDSj0eXUb94RpakUt2Yck5CjgaB9ipGxUtctNi8Cr1J56vBIPqRXpDHpuiXf82eAyyTISAlkqHXdr05P4oQTYTBDWrcDPzZhipShmJFJoZNoEiM8QgPStlQgTnSYzk6fwGOr9GBfKlvCwJn6eyJFXOsxj2wnR2aoF72p+J/XTky/EqZUxIkhAs8X9RMGjYTTHGCPKoING1uCsKL2VoiHSCFsbFoFG0Kw+PIyaZx4wZl3enNaqpazOPLgEByBMgjAOaiCa1ADdYDBPXgGr+DNeXRenHfnY96ac7KZA/AHzucPGKCTMQ==</latexit>

W = 1.88 GeV

<latexit sha1_base64="fy4Ya+vyhvSeTSSDc89Ji5b1vtc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBTio+FUHChywr2Ae1QMmmmDc0kQ5JRy1j/xI0LRdz6Je78G9N2Ftp64MLhnHu5954gZlRp1/22ciura+sb+c3C1vbO7p5d3G8qkUhMGlgwIdsBUoRRThqaakbasSQoChhpBaPLqd+6I1JRwW/1OCZ+hAachhQjbaSeXWxdeM555akbBeIhvSLNSc8uuY47A1wmXkZKIEO9Z391+wInEeEaM6RUx3Nj7adIaooZmRS6iSIxwiM0IB1DOYqI8tPZ6RN4bJQ+DIU0xTWcqb8nUhQpNY4C0xkhPVSL3lT8z+skOjzzU8rjRBOO54vChEEt4DQH2KeSYM3GhiAsqbkV4iGSCGuTVsGE4C2+vEyaFcc7cao31VKtnMWRB4fgCJSBB05BDVyDOmgADO7BM3gFb9aj9WK9Wx/z1pyVzRyAP7A+fwAQ1pMs</latexit>

W = 1.92 GeV
<latexit sha1_base64="u3qIauN16VuTg6ujqbkMqndYkCQ=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TAjpepCKLjQZQX7gHYomTTThmaSIcmoZax/4saFIm79Enf+jWk7C209cOFwzr3ce08QM6q0635buZXVtfWN/GZha3tnd88u7jeVSCQmDSyYkO0AKcIoJw1NNSPtWBIUBYy0gtHl1G/dEamo4Ld6HBM/QgNOQ4qRNlLPLrYuPOe8+tSNAvGQXpHmpGeXXMedAS4TLyMlkKHes7+6fYGTiHCNGVKq47mx9lMkNcWMTArdRJEY4REakI6hHEVE+ens9Ak8NkofhkKa4hrO1N8TKYqUGkeB6YyQHqpFbyr+53USHZ75KeVxognH80VhwqAWcJoD7FNJsGZjQxCW1NwK8RBJhLVJq2BC8BZfXibNE8erOpWbSqlWzuLIg0NwBMrAA6egBq5BHTQABvfgGbyCN+vRerHerY95a87KZg7AH1ifPxcSkzA=</latexit>

W = 1.96 GeV
<latexit sha1_base64="AUNjSSfRob3H8DjSNEtrTp0+YdU=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HIKeyGoF6EgAc9RjAPSJYwO5lNhsxjmZlVwxr/xIsHRbz6Jd78GyfJHjSxoKGo6qa7K4wZ1cbzvp2V1bX1jc3cVn57Z3dv3y0cNLVMFCYNLJlU7RBpwqggDUMNI+1YEcRDRlrh6HLqt+6I0lSKWzOOScDRQNCIYmSs1HMLrYtK2fOeujyUD+kVaU56btGzyhRwmfgZKYIM9Z771e1LnHAiDGZI647vxSZIkTIUMzLJdxNNYoRHaEA6lgrEiQ7S2ekTeGKVPoyksiUMnKm/J1LEtR7z0HZyZIZ60ZuK/3mdxETnQUpFnBgi8HxRlDBoJJzmAPtUEWzY2BKEFbW3QjxECmFj08rbEPzFl5dJs1L2T8vVm2qxVsriyIEjcAxKwAdnoAauQR00AAb34Bm8gjfn0Xlx3p2PeeuKk80cgj9wPn8AATqTIg==</latexit>

W = 2.00 GeV
<latexit sha1_base64="ipFvRAVJr+ARMBtyf4jlWGcZ3I8=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBT6mMjFFzosoJ9QDuUTJppQzPJkGTUMtY/ceNCEbd+iTv/xrSdhbYeuHA4517uvSeIGVXadb+t3Mrq2vpGfrOwtb2zu2cX95tKJBKTBhZMyHaAFGGUk4ammpF2LAmKAkZawehy6rfuiFRU8Fs9jokfoQGnIcVIG6lnF1sXFcc9eepGgXhIr0hz0rNLruPOAJeJl5ESyFDv2V/dvsBJRLjGDCnV8dxY+ymSmmJGJoVuokiM8AgNSMdQjiKi/HR2+gQeG6UPQyFNcQ1n6u+JFEVKjaPAdEZID9WiNxX/8zqJDs/9lPI40YTj+aIwYVALOM0B9qkkWLOxIQhLam6FeIgkwtqkVTAheIsvL5NmxfFOnepNtVQrZ3HkwSE4AmXggTNQA9egDhoAg3vwDF7Bm/VovVjv1se8NWdlMwfgD6zPHwkFkyc=</latexit>

W = 2.05 GeV
<latexit sha1_base64="aO4oRdRLCR5ZJzNzjFNWwpxdRuE=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTmFXgnoRAh70GME8IFnC7GQ2GTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurjBmVBvP+3ZyK6tr6xv5zcLW9s7unlvcb2qZKEwaWDKp2iHShFFBGoYaRtqxIoiHjLTC0eXUb90RpakUt2Yck4CjgaARxchYqecWWxcnFd9/6vJQPqRXpDnpuSWv4s0Al4mfkRLIUO+5X92+xAknwmCGtO74XmyCFClDMSOTQjfRJEZ4hAakY6lAnOggnZ0+gcdW6cNIKlvCwJn6eyJFXOsxD20nR2aoF72p+J/XSUx0HqRUxIkhAs8XRQmDRsJpDrBPFcGGjS1BWFF7K8RDpBA2Nq2CDcFffHmZNG10p5XqTbVUK2dx5MEhOAJl4IMzUAPXoA4aAIN78AxewZvz6Lw4787HvDXnZDMH4A+czx8EWZMk</latexit>

W = 2.11 GeV
<latexit sha1_base64="FMXfOQA/C/MlMC6Spw1v/Is21Yw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTmFXxHgRAh70GME8IFnC7GQ2GTKPZWZWDWv8Ey8eFPHql3jzb5wke9DEgoaiqpvurjBmVBvP+3ZyK6tr6xv5zcLW9s7unlvcb2qZKEwaWDKp2iHShFFBGoYaRtqxIoiHjLTC0eXUb90RpakUt2Yck4CjgaARxchYqecWWxcnFb/61OWhfEivSHPSc0texZsBLhM/IyWQod5zv7p9iRNOhMEMad3xvdgEKVKGYkYmhW6iSYzwCA1Ix1KBONFBOjt9Ao+t0oeRVLaEgTP190SKuNZjHtpOjsxQL3pT8T+vk5joPEipiBNDBJ4vihIGjYTTHGCfKoING1uCsKL2VoiHSCFsbFoFG4K/+PIyadroziqnN6elWjmLIw8OwREoAx9UQQ1cgzpoAAzuwTN4BW/Oo/PivDsf89ack80cgD9wPn8ADbOTKg==</latexit>

W = 2.17 GeV
<latexit sha1_base64="ggY+/m1gTU+n9P9oeZi/xI4vpZM=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQ1TBTi7oRCi50WcE+oB1KJs20oZlkSDJqGeufuHGhiFu/xJ1/Y9rOQlsPXDiccy/33hPEjCrtut9WbmV1bX0jv1nY2t7Z3bOL+00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHQ59Vt3RCoq+K0ex8SP0IDTkGKkjdSzi62LilM5eepGgXhIr0hz0rNLruPOAJeJl5ESyFDv2V/dvsBJRLjGDCnV8dxY+ymSmmJGJoVuokiM8AgNSMdQjiKi/HR2+gQeG6UPQyFNcQ1n6u+JFEVKjaPAdEZID9WiNxX/8zqJDs/9lPI40YTj+aIwYVALOM0B9qkkWLOxIQhLam6FeIgkwtqkVTAheIsvL5NmxfFOnepNtVQrZ3HkwSE4AmXggTNQA9egDhoAg3vwDF7Bm/VovVjv1se8NWdlMwfgD6zPHwkHkyc=</latexit>

W = 2.23 GeV
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• Data from CLAS were included 
in the World Data Base 

• Fitted within the SAID, MAID, 
and Bonn-Gatchina PWA 

• New solutions describe data 
well

• No significant changes 
observed in SAID and MAID 
analyses

• Small changes in Bonn 
Gatchina amplitudes (N2120, 
D1940)

<latexit sha1_base64="37JsBbiT4CFt95tOxrnu74ZrCh0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsxIUZdFNy4r2Ad0xpJJM21oMhOSTKEMs3Pjr7hxoYhbf8Gdf2M6nYW2HggczrmXm3MCwajSjvNtlVZW19Y3ypuVre2d3T17/6Ct4kRi0sIxi2U3QIowGpGWppqRrpAE8YCRTjC+mfmdCZGKxtG9ngriczSMaEgx0kbq28fehODUGyLOUZZzkXk6hsIT9MGBfbvq1JwccJm4BamCAs2+/eUNYpxwEmnMkFI91xHaT5HUFDOSVbxEEYHwGA1Jz9AIcaL8NM+RwVOjDGAYS/MiDXP190aKuFJTHphJjvRILXoz8T+vl+jwyk9pJBJNIjw/FCYMmqCzUuCASoI1mxqCsKTmrxCPkERYm+oqpgR3MfIyaZ/X3Ita/a5ebVwXdZTBETgBZ8AFl6ABbkETtAAGj+AZvII368l6sd6tj/loySp2DsEfWJ8/NvWZhQ==</latexit>

~�~p ! p⇡0



Summary

• Determination of E for                    using FROST data 
• Increased kinematic coverage to lower W 
• Increase precision at higher W
• Results provide an independent check 
• consistent with previous measurements (CBELSA)  

• Small changes observed in photo decay amplitudes by the Bonn-
Gatchina PWA group associated with the N(2120) and Delta(1940) 
states
• MAID and SAID analyses reported no significant changes
• A detailed investigation is underway

CLAS Collaboration March 2023 19

<latexit sha1_base64="37JsBbiT4CFt95tOxrnu74ZrCh0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsxIUZdFNy4r2Ad0xpJJM21oMhOSTKEMs3Pjr7hxoYhbf8Gdf2M6nYW2HggczrmXm3MCwajSjvNtlVZW19Y3ypuVre2d3T17/6Ct4kRi0sIxi2U3QIowGpGWppqRrpAE8YCRTjC+mfmdCZGKxtG9ngriczSMaEgx0kbq28fehODUGyLOUZZzkXk6hsIT9MGBfbvq1JwccJm4BamCAs2+/eUNYpxwEmnMkFI91xHaT5HUFDOSVbxEEYHwGA1Jz9AIcaL8NM+RwVOjDGAYS/MiDXP190aKuFJTHphJjvRILXoz8T+vl+jwyk9pJBJNIjw/FCYMmqCzUuCASoI1mxqCsKTmrxCPkERYm+oqpgR3MfIyaZ/X3Ita/a5ebVwXdZTBETgBZ8AFl6ABbkETtAAGj+AZvII368l6sd6tj/loySp2DsEfWJ8/NvWZhQ==</latexit>

~�~p ! p⇡0



Thank you
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Systematic Studies
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• Comparison of E between two 
electron energies
• Consistent NMR 

measurements 
• Consistent Moller 

measurements

<latexit sha1_base64="YEtzEWegBngcDFiFW70l38XN7bY=">AAACD3icbVDJSgNBEO1xjXEb9ehlMCiewowk0YsQFNFjBLNAEkJPp5I06VnorpGEYfwCL/6KFw+KePXqzb+xsxw08UHB472q7qrnhoIrtO1vY2FxaXllNbWWXt/Y3No2d3YrKogkgzILRCBrLlUguA9l5CigFkqgniug6vYvR371HqTigX+HwxCaHu36vMMZRS21zKMGwgDH78SuiCCJr1pw7mQLufxDw3ODQXwNlSRpmRk7a49hzRNnSjJkilLL/Gq0AxZ54CMTVKm6Y4fYjKlEzgQk6UakIKSsT7tQ19SnHqhmPN4jsQ610rY6gdTlozVWf0/E1FNq6Lm606PYU7PeSPzPq0fYOWvG3A8jBJ9NPupEwsLAGoVjtbkEhmKoCWWS610t1qOSMtQRpnUIzuzJ86RyknUK2fxtLlO8mMaRIvvkgBwTh5ySIrkhJVImjDySZ/JK3own48V4Nz4mrQvGdGaP/IHx+QNSv5zX</latexit>

Ee = 1.645 GeV
<latexit sha1_base64="KhZXN9SYqc++6ZLVqCaPBQkCiII=">AAACDnicbVDJSgNBEO2JW4xb1KOXwRDwFGZCNLkIQRE9RjALJCH0dCpJk56F7hpJGMYf8OKvePGgiFfP3vwbO8tBEx8UPN6r6q56TiC4Qsv6NhIrq2vrG8nN1Nb2zu5eev+gpvxQMqgyX/iy4VAFgntQRY4CGoEE6joC6s7wcuLX70Eq7nt3OA6g7dK+x3ucUdRSJ51tIYxw+k4koRtHVx04z+cKxdJDy3X8UXQNtTjupDNWzprCXCb2nGTIHJVO+qvV9VnogodMUKWathVgO6ISORMQp1qhgoCyIe1DU1OPuqDa0XSN2MxqpWv2fKnLQ3Oq/p6IqKvU2HV0p0txoBa9ifif1wyxV2pH3AtCBI/NPuqFwkTfnGRjdrkEhmKsCWWS611NNqCSMtQJpnQI9uLJy6SWz9lnudPbQqZ8MY8jSY7IMTkhNimSMrkhFVIljDySZ/JK3own48V4Nz5mrQljPnNI/sD4/AGAVJxl</latexit>

Ee = 2.478 GeV



Systematic Studies
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• Established by varying
• Selection criteria
• Choice of PDF
• Removing problematic runs

• Integrated bins à reduction of 
statistical fluctuations

• Quotes estimates account for 
spread in the differences



Dilution Factor
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SAID fits chi2
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Outline
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• Beam helicity asymmetry 

• Experiment

• Reaction reconstruction

• Results

Circularly polarized
tagged photon beam

p reconstructed in
the CLAS detector

Longitudinally polarized
target proton

p

p

γ
π0

θcmπ


