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attributed to  

resonance
K*

I(Jp) = 1/2(1−)

Archana Radhakrishnan, QNP 2022
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⇡K ! K ⇤ ! ⇡K

LASS,SLAC 11 GeV/c

Archana Radhakrishnan, QNP 2022
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K⇤(892)

LASS,SLAC 11 GeV/c

Partial wave projected amplitude:
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Fermilab, E272 200 GeV/c

Clark David Chandlee, Thesis  

Archana Radhakrishnan, QNP 2022
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Configurations: 348

Exact isospin symmetry 

Numerical approach to solve QCD using QCD path integral 

 
 
- Uses Monte-Carlo to sampling over configurations to perform the integral 

- calculate correlation functions as average over many configurations 
Finite volume used as a tool
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pion mass = 284 MeV
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Isovector meson spectrum from Lattice QCD

Archana Radhakrishnan, QNP 2022

Phys.Rev.D82:034508,2010



Isovector meson spectrum from Lattice QCD

Archana Radhakrishnan, QNP 2022
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Resonances

Isovector meson spectrum from Lattice QCD

Archana Radhakrishnan, QNP 2022

Phys.Rev.D82:034508,2010



Resonances from Lattice QCD

Next step: Photo-couplings 
from Lattice QCD

Archana Radhakrishnan, QNP 2022
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L

arxiv: 2208.13755

Lüscher formalism

Review: RevModPhys.90.025001
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attributed to  

resonance
K*

I(Jp) = 1/2(1−)

Archana Radhakrishnan, QNP 2022
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K⇤0 <latexit sha1_base64="pVmTo7odlekbVfloi/3AtWKHLJc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBFMquFPVY9CJ4qWA/oF1LNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6FlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDK8nfvOJKs2kuDejmPoR7gsWMoKNlRq3D+nJ6bhbLLlldwq0SLyMlCBDrVv86vQkSSIqDOFY67bnxsZPsTKMcDoudBJNY0yGuE/blgocUe2n02vH6MgqPRRKZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkx46adMxImhgswWhQlHRqLJ66jHFCWGjyzBRDF7KyIDrDAxNqCCDcGbf3mRNM7K3nm5clcpVa+yOPJwAIdwDB5cQBVuoAZ1IPAIz/AKb450Xpx352PWmnOymX34A+fzB+mzjrU=</latexit>

K⇤+

<latexit sha1_base64="lGMbU4oa7racTBe/o4RNdjJgx1g=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSKIi5JIUZdFN4KbCvYBbSyT6aQdOpmEmYlSYj7FjQtF3Pol7vwbJ20X2npg4HDOPdw7x485U9pxvq2l5ZXVtfXCRnFza3tn1y7tNVWUSEIbJOKRbPtYUc4EbWimOW3HkuLQ57Tlj65yv/VApWKRuNPjmHohHggWMIK1kXp2qRsZO0+nN9l9euJkPbvsVJwJ0CJxZ6QMM9R79le3H5EkpEITjpXquE6svRRLzQinWbGbKBpjMsID2jFU4JAqL52cnqEjo/RREEnzhEYT9XcixaFS49A3kyHWQzXv5eJ/XifRwYWXMhEnmgoyXRQkHOkI5T2gPpOUaD42BBPJzK2IDLHERJu2iqYEd/7Li6R5WnHPKtXbarl2OaujAAdwCMfgwjnU4Brq0AACj/AMr/BmPVkv1rv1MR1dsmaZffgD6/MHWmiUEQ==</latexit>

K
⇤0<latexit sha1_base64="rQSQBjKRmHsLrUTAOStvgBCyWiY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBBMuuFPVY9CJ4qWA/oF1LNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6FlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDK8nfvOJKs2kuDejmPoR7gsWMoKNlRq3D+nJ6bhbLLlldwq0SLyMlCBDrVv86vQkSSIqDOFY67bnxsZPsTKMcDoudBJNY0yGuE/blgocUe2n02vH6MgqPRRKZUsYNFV/T6Q40noUBbYzwmag572J+J/XTkx46adMxImhgswWhQlHRqLJ66jHFCWGjyzBRDF7KyIDrDAxNqCCDcGbf3mRNM7K3nm5clcpVa+yOPJwAIdwDB5cQBVuoAZ1IPAIz/AKb450Xpx352PWmnOymX34A+fzB+y9jrc=</latexit>

K⇤�

<latexit sha1_base64="c3Pn94Mu0sqPsyUC6hyR33e8JTs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Zsmm1Ds8maZIWy7J/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67SeqNJPi3kxi6kd4KFjICDZW6vTUSD6kZ1m/XHGr7gxomXg5qUCORr/81RtIkkRUGMKx1l3PjY2fYmUY4TQr9RJNY0zGeEi7lgocUe2ns3szdGKVAQqlsiUMmqm/J1IcaT2JAtsZYTPSi95U/M/rJia88lMm4sRQQeaLwoQjI9H0eTRgihLDJ5Zgopi9FZERVpgYG1HJhuAtvrxMWudV76Jau6tV6td5HEU4gmM4BQ8uoQ630IAmEODwDK/w5jw6L8678zFvLTj5zCH8gfP5AwnYj/s=</latexit>

⇢�
<latexit sha1_base64="xXw1NK01wEoG5v6x675ScaOydA8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBEMquFPVY9OKxgv2Adi3ZNNuGZpM1yQpl2T/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDP1209UaSbFvZnE1I/wULCQEWys1OmpkXxIz7J+ueJW3RnQMvFyUoEcjX75qzeQJImoMIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LRU4otpPZ/dm6MQqAxRKZUsYNFN/T6Q40noSBbYzwmakF72p+J/XTUx45adMxImhgswXhQlHRqLp82jAFCWGTyzBRDF7KyIjrDAxNqKSDcFbfHmZtM6r3kW1dler1K/zOIpwBMdwCh5cQh1uoQFNIMDhGV7hzXl0Xpx352PeWnDymUP4A+fzBwbOj/k=</latexit>

⇢+
<latexit sha1_base64="k1zuNtUrdSJpY8oXgJCf8QAdKjM=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0a8mm2TY0m6xJVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3npg2XMl7O05YEJOB5BGnxDqp3dVD9ZB5k1654lW9GfAy8XNSgRz1Xvmr21c0jZm0VBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4KknMTJDN7p3gE6f0caS0K2nxTP09kZHYmHEcus6Y2KFZ9Kbif14ntdFVkHGZpJZJOl8UpQJbhafP4z7XjFoxdoRQzd2tmA6JJtS6iEouBH/x5WXSPKv6F9Xzu/NK7TqPowhHcAyn4MMl1OAW6tAACgKe4RXe0CN6Qe/oY95aQPnMIfwB+vwBDmeP/g==</latexit>

⇢0
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="DG2xzlKYBSGANlkCmHyaiLAx90s=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkx+PJA==</latexit>!Enhancement 
attributed to  

resonance
K*

I(Jp) = 1/2(1−)

Archana Radhakrishnan, QNP 2022

Next step: radiative transitions 
from Lattice QCD



Meson spectrum from experiments

Meson

Resonance

⟨Meson γ |Resonance⟩Resonance

Calculations from first principles 
QCD can be useful

Archana Radhakrishnan, QNP 2022



Photo-coupling from Lattice QCD

<latexit sha1_base64="i2ylX6EPy0B9TTkWbd87f4qm25g=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14Kp++XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyKajlA=</latexit>⇢ <latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

Archana Radhakrishnan, QNP 2022

Phys. Rev. D 93, 114508 (2016)



 radiative transition from QCD      Kπ

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�
<latexit sha1_base64="a4VXJ3ZQjVolsfUI3wwUCdESlTE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF8FLBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cZPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDSzmPoCjyULGcEmk+4HMRtWa27dzYFWiVeQGhRoDatfg1FEEkGlIRxr3ffc2PgpVoYRTueVQaJpjMkUj2nfUokF1X6a3zpHZ1YZoTBStqRBufp7IsVC65kIbKfAZqKXvUz8z+snJrz2UybjxFBJFovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8WG4C2/vEo6F3Xvst54aNSaN0UcZTiBUzgHD66gCXfQgjYQmMAzvMKbI5wX5935WLSWnGLmGP7A+fwB6iCOKw==</latexit>

K⇡

Archana Radhakrishnan, QNP 2022



 strong re-scattering in the final state

<latexit sha1_base64="vUzTx303zjxoEMEtWyaMz42a5MU="></latexit>

H(Q2, E?) = A(Q2, E?) ·
1

k?
· M(E?)

Watson’s theorem

The transition amplitude contains information about the scattering amplitude 

Archana Radhakrishnan, QNP 2022

 radiative transition from QCD      Kπ



<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�
<latexit sha1_base64="a4VXJ3ZQjVolsfUI3wwUCdESlTE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF8FLBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cZPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDSzmPoCjyULGcEmk+4HMRtWa27dzYFWiVeQGhRoDatfg1FEEkGlIRxr3ffc2PgpVoYRTueVQaJpjMkUj2nfUokF1X6a3zpHZ1YZoTBStqRBufp7IsVC65kIbKfAZqKXvUz8z+snJrz2UybjxFBJFovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8WG4C2/vEo6F3Xvst54aNSaN0UcZTiBUzgHD66gCXfQgjYQmMAzvMKbI5wX5935WLSWnGLmGP7A+fwB6iCOKw==</latexit>

K⇡

Three-point functions on the 
lattice - get the finite volume 

matrix elements

<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�
<latexit sha1_base64="a4VXJ3ZQjVolsfUI3wwUCdESlTE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF8FLBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cZPmoK0PBh7vzTAzL4g508Z1v53S2vrG5lZ5u7Kzu7d/UD086ugoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDSzmPoCjyULGcEmk+4HMRtWa27dzYFWiVeQGhRoDatfg1FEEkGlIRxr3ffc2PgpVoYRTueVQaJpjMkUj2nfUokF1X6a3zpHZ1YZoTBStqRBufp7IsVC65kIbKfAZqKXvUz8z+snJrz2UybjxFBJFovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8WG4C2/vEo6F3Xvst54aNSaN0UcZTiBUzgHD66gCXfQgjYQmMAzvMKbI5wX5935WLSWnGLmGP7A+fwB6iCOKw==</latexit>
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have to map the finite volume 
matrix elements to the infinite 
volume transition amplitude
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When multiple partial waves are projected into a specific lattice irrep, the discrete 
energy levels receive contributions from all non-negligible partial waves

Lellouch-Lüscher 
formalism

 two body scattering matrix

Archana Radhakrishnan, QNP 2022

 radiative transition from Lattice QCD      Kπ



η̃ = P(−1)J

 contains S,P,… 
Assuming higher partial waves do not 
contribute - there is S&P wave mixing 

in  irreps in boosted frames

|λ |η̃ = 0+

A1

for equal particles  instead of  
Bose symmetry prevents this mixing 

ππ πK

boosted frames are important to 
constrain on amplitude 

 irreps     Kπ

Archana Radhakrishnan, QNP 2022
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The S&P wave contribution to each  energy level     Kπ
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Lellouch-Lüscher 
formalism

 two body scattering matrix

Lellouch-Lüscher factors     
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Finite volume matrix elements      

0

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0.1344 
0.1383

0.1441
0.1467

0.1480
0.1482

0.1520
0.1520
0.1528

0.1534
0.1535

0.1543
0.1545 0.1562 0.1610

0.1616 0.1685 0.1743

Archana Radhakrishnan, QNP 2022

arxiv: 2208.13755



Lellouch-Lüscher corrected matrix elements      
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K*(892) photo-coupling and  amplitudeKγ → Kπ
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H(Q2, E?) = A(Q2, E?) ·
1

k?
· M(E?)
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Crude extrapolation
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To extrapolate to the physical 
point by keeping the “couplings” fixed to 

the lattice results 
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b1, η, η′ , . . .

π
π1

Can be extended to the 
study of other resonance 

form factors

• Lellouch-Lüscher formalism was 
implemented for the first time for 

 transition where there is 
substantial S & P-wave mixing in 
finite volume 

• The resonance form factor and decay 
width were obtained by analytically 
continuing to the  pole 

• Can be extended to many other 
interesting calculations!

γK+ → π0K+

K*

Archana Radhakrishnan, QNP 2022
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b1, η, η′ , . . .

π
π1

Can be extended to the 
study of other resonance 

form factors like the 
exotic π1

• Lellouch-Lüscher formalism was 
implemented for the first time for 

 transition where there is 
substantial S & P-wave mixing in 
finite volume 

• The resonance form factor and decay 
width were obtained by analytically 
continuing to the  pole 

• Can be extended to many other 
interesting calculations!

γK+ → π0K+

K*
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