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<latexit sha1_base64="HacPE0s3JRUvOLJqmXnpiZVwaR0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke78oT0sluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/0k2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQiNRrV+0VidbEIwX7tSWSmdStmplmu31VLzKosjDydwCufgQB2acAMtaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8MkI3T</latexit>

f+

<latexit sha1_base64="yuGR6WlOYqCIox9tuHP/SfBYEr0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIsgCGWmVmp3RTcuK9oHtEPJpJk2NJMZkoxQhn6CGxeKuPWL3Pk3ptOh+DoQODnnXu69x4s4U9q2P63cyura+kZ+s7C1vbO7V9w/aKswloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm1zP/c4DlYqF4l5PI+oGeCSYzwjWRrrzB2eDYsku2ynQX+JkpAQZmoPiR38YkjigQhOOleo5dqTdBEvNCKezQj9WNMJkgke0Z6jAAVVukq46QydGGSI/lOYJjVL1e0eCA6WmgWcqA6zH6rc3F//zerH2L92EiSjWVJDFID/mSIdofjcaMkmJ5lNDMJHM7IrIGEtMtEmnkIZQr1dr5/XlySYE87UrlaXSrpSdavnitlpqXGVx5OEIjuEUHKhBA26gCS0gMIJHeIYXi1tP1qv1tijNWVnPIfyA9f4FBPyNzg==</latexit>

B
c ! D

[HPQCD
PRELIMINARY]

<latexit sha1_base64="DuzmwWF/MDYg5/gV76M3HYrc1jQ=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclaRWandFNy4r2LTQhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9xmobi68DAmXPu5d57/JgzpW3701pZXVvf2CxsFbd3dvf2SweHrooSSWibRDySXR8rypmgbc00p91YUhz6nHb8yfXc7zxQqVgk7vQ0pl6IR4IFjGBtJNcdpIk/G5TKdsXOgP4SJydlyNEalD76w4gkIRWacKxUz7Fj7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tJs2xk6NcoQBZE0T2iUqd87UhwqNQ19UxliPVa/vbn4n9dLdHDppUzEiaaCLAYFCUc6QvPT0ZBJSjSfGoKJZGZXRMZYYqJNQMUshEajVj9vLE82IZivXa0uFbdacS4q9m2t3LzK4yjAMZzAGThQhybcQAvaQOAeHuEZXqzIerJerbdF6YqV9xzBD1jvX9uej3w=</latexit>

Vub

c

<latexit sha1_base64="3aPafQ6tAgKGecyYsJn85B0MBxM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOygn1AZyiZNNOGZjJDkhHK0N9w40IRt/6MO//GzHQovg4ETs65h9wcL+JMadv+tApr6xubW8Xt0s7u3v5B+fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vdpP6/QcqFQvFvZ5H1A3wRDCfEayN5DihMdNsQhajcsWu2hnQX1LLSQVydEblD2cckjigQhOOlRrW7Ei7CZaaEU4XJSdWNMJkhid0aKjAAVVuku28QGdGGSM/lOYIjTL1eyLBgVLzwDOTAdZT9dtLxf+8Yaz9KzdhIoo1FWT5kB9zpEOUFoDGTFKi+dwQTCQzuyIyxRITbWoqZSW0Wo3mRWv1ZVOCudr1+krp1au1RvXyrlFpX+d1FOEETuEcatCENtxCB7pAIIJHeIYXK7aerFfrbTlasPLMMfyA9f4FvWGSUw==</latexit>

b

<latexit sha1_base64="ZO2dptzqylIILdr9+IDkqnwtApE=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWt6wWLLLdgr8lzgZKaEMzWHxYzAKaRyA0JQTpfqOHWk3IVIzymFeGMQKIkKnZAx9QwUJQLlJuugcnxllhP1Qmic0TtXvHQkJlJoFnqkMiJ6o395C/M/rx9q/chMmoliDoMtBfsyxDvHiajxiEqjmM0MIlczsiumESEK1yaaQhlCvV2sX9dXJJgTztSuVldKplJ1q+bJVLTWuszjy6ASdonPkoBpqoFvURG1EEaBH9IxerHvryXq13palOSvrOUY/YL1/AeKxjSw=</latexit>

c

<latexit sha1_base64="3aPafQ6tAgKGecyYsJn85B0MBxM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOygn1AZyiZNNOGZjJDkhHK0N9w40IRt/6MO//GzHQovg4ETs65h9wcL+JMadv+tApr6xubW8Xt0s7u3v5B+fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vdpP6/QcqFQvFvZ5H1A3wRDCfEayN5DihMdNsQhajcsWu2hnQX1LLSQVydEblD2cckjigQhOOlRrW7Ei7CZaaEU4XJSdWNMJkhid0aKjAAVVuku28QGdGGSM/lOYIjTL1eyLBgVLzwDOTAdZT9dtLxf+8Yaz9KzdhIoo1FWT5kB9zpEOUFoDGTFKi+dwQTCQzuyIyxRITbWoqZSW0Wo3mRWv1ZVOCudr1+krp1au1RvXyrlFpX+d1FOEETuEcatCENtxCB7pAIIJHeIYXK7aerFfrbTlasPLMMfyA9f4FvWGSUw==</latexit>

u

<latexit sha1_base64="+s+I8Sn46866cZn7OCtsiLDp97Q=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNOziLoBHgvmM4K1kVrxsFiyy3YK9Jc4GSlBhuaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsqcECVm6SLztGZUUbID6V5QqNU/d6R4ECpWeCZygDrifrtLcT/vH6s/Ss3YSKKNRVkOciPOdIhWlyNRkxSovnMEEwkM7siMsESE22yKaQh1OvV2kV9dbIJwXztSmWldCplp1q+bFVLjessjjycwCmcgwM1aMAtNKENBCg8wjO8WPfWk/VqvS1Lc1bWcww/YL1/Af99jT8=</latexit>

W�

<latexit sha1_base64="h81Cfl9qyEx00uDP1FiEwIDZ/L4=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBHcWGZqpXZXdOOyon1AO5ZMmmlDM5khyQhl6Ce4caGIW7/InX9jOh2KrwOBk3Pu5d57vIgzpW3701paXlldW89t5De3tnd2C3v7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1746uZ336gUrFQ3OlJRN0ADwXzGcHaSLft+9N+oWiX7BToL3EyUoQMjX7hozcISRxQoQnHSnUdO9JugqVmhNNpvhcrGmEyxkPaNVTggCo3SVedomOjDJAfSvOERqn6vSPBgVKTwDOVAdYj9dubif953Vj7F27CRBRrKsh8kB9zpEM0uxsNmKRE84khmEhmdkVkhCUm2qSTT0Oo1SrVs9riZBOC+drl8kJplUtOpXR+UynWL7M4cnAIR3ACDlShDtfQgCYQGMIjPMOLxa0n69V6m5cuWVnPAfyA9f4F75aNwA==</latexit>

`�

<latexit sha1_base64="2Eq2bxySqNfyvWAfBd/a1E1AWsA=">AAAB7XicbVDLSgMxFM34rPVVdekmWAQ3lplaqd0V3bisYB/QjiWT3mljM5MhyQhl6D+4caGIW//HnX9jOh2KrwOBk3Pu5d57vIgzpW3701paXlldW89t5De3tnd2C3v7LSViSaFJBRey4xEFnIXQ1Exz6EQSSOBxaHvjq5nffgCpmAhv9SQCNyDDkPmMEm2kVg84vzvtF4p2yU6B/xInI0WUodEvfPQGgsYBhJpyolTXsSPtJkRqRjlM871YQUTomAyha2hIAlBukm47xcdGGWBfSPNCjVP1e0dCAqUmgWcqA6JH6rc3E//zurH2L9yEhVGsIaTzQX7MsRZ4djoeMAlU84khhEpmdsV0RCSh2gSUT0Oo1SrVs9riZBOC+drl8kJplUtOpXR+UynWL7M4cugQHaET5KAqqqNr1EBNRNE9ekTP6MUS1pP1ar3NS5esrOcA/YD1/gVLV48g</latexit>

⌫`

<latexit sha1_base64="Yb9q0BDnYU5800ghZrw1P1sp39I=">AAAB/nicbVDNS8MwHE3n15xfVfHkpTgET6Odk7nb0IvHCe4D1lLSLN3C0qQkqTDKwH/FiwdFvPp3ePO/Me3K8OtB4OW93yO/vCCmRCrb/jRKK6tr6xvlzcrW9s7unrl/0JM8EQh3EadcDAIoMSUMdxVRFA9igWEUUNwPpteZ37/HQhLO7tQsxl4Ex4yEBEGlJd88crm2s3TqsmTupy6mdO6bVbtm57D+EqcgVVCg45sf7oijJMJMIQqlHDp2rLwUCkUQxfOKm0gcQzSFYzzUlMEISy/N159bp1oZWSEX+jBl5er3RAojKWdRoCcjqCbyt5eJ/3nDRIWXXkpYnCjM0OKhMKGW4lbWhTUiAiNFZ5pAJIje1UITKCBSurFKXkKr1Wiet5Zf1iXoq12vL5VeveY0ahe3jWr7qqijDI7BCTgDDmiCNrgBHdAFCKTgETyDF+PBeDJejbfFaMkoMofgB4z3L4FHlqo=</latexit>

 form factors  from lattice QCDBc → D f0,+(q2)
Laurence Cooper, University of Glasgow with HPQCD 
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The heavy-HISQ method
• All sea and valence quarks implemented with HISQ 

• Non-perturbative renormalisation of vector current via PCVC 

• Simulate at both physical and unphysical  

• Simulate at unphysically light  quarks, inform the limits  and  

• Probe full range of  for the form factors

mu, md

b → mb → MBc

q2

2Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |

Other recent/ongoing heavy-HISQ work: , , , , ,  …Bc → J/ψ Bs → D*s Bs → ηs B → K Bc → Bs(d) Bs → Ds

}<latexit sha1_base64="XA0QT9dLsWUhu51gVMKGHz8VbzA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke4G82GxZJftFOgvcTJSggytYfFjMApJHFChCcdK9R070m6CpWaE03lhECsaYTLFY9o3VOCAKjdJN52jM6OMkB9K84RGqfq9I8GBUrPAM5UB1hP121uI/3n9WPuXbsJEFGsqyHKQH3OkQ7Q4G42YpETzmSGYSGZ2RWSCJSbahFNIQ2g0qvWLxupkE4L52pXKSulUyk61XLutlppXWRx5OIFTOAcH6tCEG2hBGwj48AjP8GJNrSfr1XpbluasrOcYfsB6/wK8XI2t</latexit>

See J. Harrison’s talk next!



<latexit sha1_base64="DuzmwWF/MDYg5/gV76M3HYrc1jQ=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclaRWandFNy4r2LTQhjKZTtqxk0mYmQgl9B/cuFDErf/jzr9xmobi68DAmXPu5d57/JgzpW3701pZXVvf2CxsFbd3dvf2SweHrooSSWibRDySXR8rypmgbc00p91YUhz6nHb8yfXc7zxQqVgk7vQ0pl6IR4IFjGBtJNcdpIk/G5TKdsXOgP4SJydlyNEalD76w4gkIRWacKxUz7Fj7aVYakY4nRX7iaIxJhM8oj1DBQ6p8tJs2xk6NcoQBZE0T2iUqd87UhwqNQ19UxliPVa/vbn4n9dLdHDppUzEiaaCLAYFCUc6QvPT0ZBJSjSfGoKJZGZXRMZYYqJNQMUshEajVj9vLE82IZivXa0uFbdacS4q9m2t3LzK4yjAMZzAGThQhybcQAvaQOAeHuEZXqzIerJerbdF6YqV9xzBD1jvX9uej3w=</latexit>

Vub

c

<latexit sha1_base64="3aPafQ6tAgKGecyYsJn85B0MBxM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOygn1AZyiZNNOGZjJDkhHK0N9w40IRt/6MO//GzHQovg4ETs65h9wcL+JMadv+tApr6xubW8Xt0s7u3v5B+fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vdpP6/QcqFQvFvZ5H1A3wRDCfEayN5DihMdNsQhajcsWu2hnQX1LLSQVydEblD2cckjigQhOOlRrW7Ei7CZaaEU4XJSdWNMJkhid0aKjAAVVuku28QGdGGSM/lOYIjTL1eyLBgVLzwDOTAdZT9dtLxf+8Yaz9KzdhIoo1FWT5kB9zpEOUFoDGTFKi+dwQTCQzuyIyxRITbWoqZSW0Wo3mRWv1ZVOCudr1+krp1au1RvXyrlFpX+d1FOEETuEcatCENtxCB7pAIIJHeIYXK7aerFfrbTlasPLMMfyA9f4FvWGSUw==</latexit>

b

<latexit sha1_base64="ZO2dptzqylIILdr9+IDkqnwtApE=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWt6wWLLLdgr8lzgZKaEMzWHxYzAKaRyA0JQTpfqOHWk3IVIzymFeGMQKIkKnZAx9QwUJQLlJuugcnxllhP1Qmic0TtXvHQkJlJoFnqkMiJ6o395C/M/rx9q/chMmoliDoMtBfsyxDvHiajxiEqjmM0MIlczsiumESEK1yaaQhlCvV2sX9dXJJgTztSuVldKplJ1q+bJVLTWuszjy6ASdonPkoBpqoFvURG1EEaBH9IxerHvryXq13palOSvrOUY/YL1/AeKxjSw=</latexit>

c

<latexit sha1_base64="3aPafQ6tAgKGecyYsJn85B0MBxM=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOygn1AZyiZNNOGZjJDkhHK0N9w40IRt/6MO//GzHQovg4ETs65h9wcL+JMadv+tApr6xubW8Xt0s7u3v5B+fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vdpP6/QcqFQvFvZ5H1A3wRDCfEayN5DihMdNsQhajcsWu2hnQX1LLSQVydEblD2cckjigQhOOlRrW7Ei7CZaaEU4XJSdWNMJkhid0aKjAAVVuku28QGdGGSM/lOYIjTL1eyLBgVLzwDOTAdZT9dtLxf+8Yaz9KzdhIoo1FWT5kB9zpEOUFoDGTFKi+dwQTCQzuyIyxRITbWoqZSW0Wo3mRWv1ZVOCudr1+krp1au1RvXyrlFpX+d1FOEETuEcatCENtxCB7pAIIJHeIYXK7aerFfrbTlasPLMMfyA9f4FvWGSUw==</latexit>

u

<latexit sha1_base64="+s+I8Sn46866cZn7OCtsiLDp97Q=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNOziLoBHgvmM4K1kVrxsFiyy3YK9Jc4GSlBhuaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsqcECVm6SLztGZUUbID6V5QqNU/d6R4ECpWeCZygDrifrtLcT/vH6s/Ss3YSKKNRVkOciPOdIhWlyNRkxSovnMEEwkM7siMsESE22yKaQh1OvV2kV9dbIJwXztSmWldCplp1q+bFVLjessjjycwCmcgwM1aMAtNKENBCg8wjO8WPfWk/VqvS1Lc1bWcww/YL1/Af99jT8=</latexit>

W�

<latexit sha1_base64="h81Cfl9qyEx00uDP1FiEwIDZ/L4=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBHcWGZqpXZXdOOyon1AO5ZMmmlDM5khyQhl6Ce4caGIW7/InX9jOh2KrwOBk3Pu5d57vIgzpW3701paXlldW89t5De3tnd2C3v7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1746uZ336gUrFQ3OlJRN0ADwXzGcHaSLft+9N+oWiX7BToL3EyUoQMjX7hozcISRxQoQnHSnUdO9JugqVmhNNpvhcrGmEyxkPaNVTggCo3SVedomOjDJAfSvOERqn6vSPBgVKTwDOVAdYj9dubif953Vj7F27CRBRrKsh8kB9zpEM0uxsNmKRE84khmEhmdkVkhCUm2qSTT0Oo1SrVs9riZBOC+drl8kJplUtOpXR+UynWL7M4cnAIR3ACDlShDtfQgCYQGMIjPMOLxa0n69V6m5cuWVnPAfyA9f4F75aNwA==</latexit>

`�

<latexit sha1_base64="2Eq2bxySqNfyvWAfBd/a1E1AWsA=">AAAB7XicbVDLSgMxFM34rPVVdekmWAQ3lplaqd0V3bisYB/QjiWT3mljM5MhyQhl6D+4caGIW//HnX9jOh2KrwOBk3Pu5d57vIgzpW3701paXlldW89t5De3tnd2C3v7LSViSaFJBRey4xEFnIXQ1Exz6EQSSOBxaHvjq5nffgCpmAhv9SQCNyDDkPmMEm2kVg84vzvtF4p2yU6B/xInI0WUodEvfPQGgsYBhJpyolTXsSPtJkRqRjlM871YQUTomAyha2hIAlBukm47xcdGGWBfSPNCjVP1e0dCAqUmgWcqA6JH6rc3E//zurH2L9yEhVGsIaTzQX7MsRZ4djoeMAlU84khhEpmdsV0RCSh2gSUT0Oo1SrVs9riZBOC+drl8kJplUtOpXR+UynWL7M4cugQHaET5KAqqqNr1EBNRNE9ekTP6MUS1pP1ar3NS5esrOcA/YD1/gVLV48g</latexit>

⌫`

<latexit sha1_base64="Yb9q0BDnYU5800ghZrw1P1sp39I=">AAAB/nicbVDNS8MwHE3n15xfVfHkpTgET6Odk7nb0IvHCe4D1lLSLN3C0qQkqTDKwH/FiwdFvPp3ePO/Me3K8OtB4OW93yO/vCCmRCrb/jRKK6tr6xvlzcrW9s7unrl/0JM8EQh3EadcDAIoMSUMdxVRFA9igWEUUNwPpteZ37/HQhLO7tQsxl4Ex4yEBEGlJd88crm2s3TqsmTupy6mdO6bVbtm57D+EqcgVVCg45sf7oijJMJMIQqlHDp2rLwUCkUQxfOKm0gcQzSFYzzUlMEISy/N159bp1oZWSEX+jBl5er3RAojKWdRoCcjqCbyt5eJ/3nDRIWXXkpYnCjM0OKhMKGW4lbWhTUiAiNFZ5pAJIje1UITKCBSurFKXkKr1Wiet5Zf1iXoq12vL5VeveY0ahe3jWr7qqijDI7BCTgDDmiCNrgBHdAFCKTgETyDF+PBeDJejbfFaMkoMofgB4z3L4FHlqo=</latexit>

Challenges with Bc → D

• Simultaneously access physical  (very large) and 
physical  (very small) 

• Light daughter quark, expensive lattice propagators 
at many momenta 

•  - large (typical of heavy-to-light 
semileptonic decays), seek  dependence of form 
factors all the way down to 

mb
mu, md

q2
max ≈ 19 GeV2

q2

q2 = 0 GeV2

3Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |
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u

<latexit sha1_base64="+s+I8Sn46866cZn7OCtsiLDp97Q=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNOziLoBHgvmM4K1kVrxsFiyy3YK9Jc4GSlBhuaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsqcECVm6SLztGZUUbID6V5QqNU/d6R4ECpWeCZygDrifrtLcT/vH6s/Ss3YSKKNRVkOciPOdIhWlyNRkxSovnMEEwkM7siMsESE22yKaQh1OvV2kV9dbIJwXztSmWldCplp1q+bFVLjessjjycwCmcgwM1aMAtNKENBCg8wjO8WPfWk/VqvS1Lc1bWcww/YL1/Af99jT8=</latexit>

d

<latexit sha1_base64="HK11ee7kQJ4lBw92O6yLcfRYKiM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOyBfuAdiiZTKaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vvcSPOlLbtTyu3tr6xuZXfLuzs7u0fFA+PuiqMJaEdEvJQ9l2sKGeCdjTTnPYjSXHgctpzpzcLv/dApWKhuNOziDoBHgvmM4K1kdreqFiyy3YK9JdUMlKCDK1R8WPohSQOqNCEY6UGFTvSToKlZoTTeWEYKxphMsVjOjBU4IAqJ0kXnaMzo3jID6V5QqNU/d6R4ECpWeCaygDrifrtLcT/vEGs/SsnYSKKNRVkOciPOdIhWlyNPCYp0XxmCCaSmV0RmWCJiTbZFNIQGo1a/aKxOtmEYL52tbpSutVypVa+bNdKzessjjycwCmcQwXq0IRbaEEHCFB4hGd4se6tJ+vVeluW5qys5xh+wHr/AuW5jS4=</latexit>

s

<latexit sha1_base64="YaQmUQ1ZRxHDRYKA17XocULGR+0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWmpYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APx1jT0=</latexit>

c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

b

<latexit sha1_base64="ZO2dptzqylIILdr9+IDkqnwtApE=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWt6wWLLLdgr8lzgZKaEMzWHxYzAKaRyA0JQTpfqOHWk3IVIzymFeGMQKIkKnZAx9QwUJQLlJuugcnxllhP1Qmic0TtXvHQkJlJoFnqkMiJ6o395C/M/rx9q/chMmoliDoMtBfsyxDvHiajxiEqjmM0MIlczsiumESEK1yaaQhlCvV2sX9dXJJgTztSuVldKplJ1q+bJVLTWuszjy6ASdonPkoBpqoFvURG1EEaBH9IxerHvryXq13palOSvrOUY/YL1/AeKxjSw=</latexit>

t

<latexit sha1_base64="lntVJ+u36vjg3sCFIzcVe2djXhg=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMmmljM5khuSOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLBNdj2p5VbW9/Y3MpvF3Z29/YPiodHHR3GirI2DUWoeh7RTHDJ2sBBsF6kGAk8wbre9Gbhdx+Y0jyUdzCLmBuQseQ+pwSM1IJhsWSX7RT4L3EyUkIZmsPix2AU0jhgEqggWvcdOwI3IQo4FWxeGMSaRYROyZj1DZUkYNpN0kXn+MwoI+yHyjwJOFW/dyQk0HoWeKYyIDDRv72F+J/Xj8G/chMuoxiYpMtBfiwwhHhxNR5xxSiImSGEKm52xXRCFKFgsimkIdTr1dpFfXWyCcF87UplpXQqZadavmxVS43rLI48OkGn6Bw5qIYa6BY1URtRxNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AP35jT4=</latexit>

Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |



5

u

<latexit sha1_base64="+s+I8Sn46866cZn7OCtsiLDp97Q=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNOziLoBHgvmM4K1kVrxsFiyy3YK9Jc4GSlBhuaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsqcECVm6SLztGZUUbID6V5QqNU/d6R4ECpWeCZygDrifrtLcT/vH6s/Ss3YSKKNRVkOciPOdIhWlyNRkxSovnMEEwkM7siMsESE22yKaQh1OvV2kV9dbIJwXztSmWldCplp1q+bFVLjessjjycwCmcgwM1aMAtNKENBCg8wjO8WPfWk/VqvS1Lc1bWcww/YL1/Af99jT8=</latexit>

d

<latexit sha1_base64="HK11ee7kQJ4lBw92O6yLcfRYKiM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOyBfuAdiiZTKaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vvcSPOlLbtTyu3tr6xuZXfLuzs7u0fFA+PuiqMJaEdEvJQ9l2sKGeCdjTTnPYjSXHgctpzpzcLv/dApWKhuNOziDoBHgvmM4K1kdreqFiyy3YK9JdUMlKCDK1R8WPohSQOqNCEY6UGFTvSToKlZoTTeWEYKxphMsVjOjBU4IAqJ0kXnaMzo3jID6V5QqNU/d6R4ECpWeCaygDrifrtLcT/vEGs/SsnYSKKNRVkOciPOdIhWlyNPCYp0XxmCCaSmV0RmWCJiTbZFNIQGo1a/aKxOtmEYL52tbpSutVypVa+bNdKzessjjycwCmcQwXq0IRbaEEHCFB4hGd4se6tJ+vVeluW5qys5xh+wHr/AuW5jS4=</latexit>

s

<latexit sha1_base64="YaQmUQ1ZRxHDRYKA17XocULGR+0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWmpYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APx1jT0=</latexit>

c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

b

<latexit sha1_base64="ZO2dptzqylIILdr9+IDkqnwtApE=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWt6wWLLLdgr8lzgZKaEMzWHxYzAKaRyA0JQTpfqOHWk3IVIzymFeGMQKIkKnZAx9QwUJQLlJuugcnxllhP1Qmic0TtXvHQkJlJoFnqkMiJ6o395C/M/rx9q/chMmoliDoMtBfsyxDvHiajxiEqjmM0MIlczsiumESEK1yaaQhlCvV2sX9dXJJgTztSuVldKplJ1q+bJVLTWuszjy6ASdonPkoBpqoFvURG1EEaBH9IxerHvryXq13palOSvrOUY/YL1/AeKxjSw=</latexit>

t

<latexit sha1_base64="lntVJ+u36vjg3sCFIzcVe2djXhg=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMmmljM5khuSOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLBNdj2p5VbW9/Y3MpvF3Z29/YPiodHHR3GirI2DUWoeh7RTHDJ2sBBsF6kGAk8wbre9Gbhdx+Y0jyUdzCLmBuQseQ+pwSM1IJhsWSX7RT4L3EyUkIZmsPix2AU0jhgEqggWvcdOwI3IQo4FWxeGMSaRYROyZj1DZUkYNpN0kXn+MwoI+yHyjwJOFW/dyQk0HoWeKYyIDDRv72F+J/Xj8G/chMuoxiYpMtBfiwwhHhxNR5xxSiImSGEKm52xXRCFKFgsimkIdTr1dpFfXWyCcF87UplpXQqZadavmxVS43rLI48OkGn6Bw5qIYa6BY1URtRxNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AP35jT4=</latexit>

Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |

l

<latexit sha1_base64="D4i0V0KPIc/zVWK0qanXdrkFDf0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnxYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APHZjTY=</latexit>

}

<latexit sha1_base64="XA0QT9dLsWUhu51gVMKGHz8VbzA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke4G82GxZJftFOgvcTJSggytYfFjMApJHFChCcdK9R070m6CpWaE03lhECsaYTLFY9o3VOCAKjdJN52jM6OMkB9K84RGqfq9I8GBUrPAM5UB1hP121uI/3n9WPuXbsJEFGsqyHKQH3OkQ7Q4G42YpETzmSGYSGZ2RWSCJSbahFNIQ2g0qvWLxupkE4L52pXKSulUyk61XLutlppXWRx5OIFTOAcH6tCEG2hBGwj48AjP8GJNrSfr1XpbluasrOcYfsB6/wK8XI2t</latexit>

sea  
(MILC HISQ 2+1+1)

h

<latexit sha1_base64="T7U/5BZEG2qc99QMbgi2L/mrq7Y=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWpNhsWSX7RT4L3EyUkIZmsPix2AU0jgAoSknSvUdO9JuQqRmlMO8MIgVRIROyRj6hgoSgHKTdNE5PjPKCPuhNE9onKrfOxISKDULPFMZED1Rv72F+J/Xj7V/5SZMRLEGQZeD/JhjHeLF1XjEJFDNZ4YQKpnZFdMJkYRqk00hDaFer9Yu6quTTQjma1cqK6VTKTvV8mWrWmpcZ3Hk0Qk6RefIQTXUQLeoidqIIkCP6Bm9WPfWk/VqvS1Lc1bWc4x+wHr/AuvJjTI=</latexit>

ml 2 {ms/27.4,ms/5}

<latexit sha1_base64="djgdVpxPuYKD/mBE+TKSkxc6TrY=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhyCB5ld7Zi7Db14nOBeYC0lzbItLE1Lkgqj7OrFr+LFgyJe/Qbe/DZmXRm+/SHwy/95HpLnH8SMSmVZn8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6AZIEkY5aSmqGOnGgqAwYKQTjK9m9c4dEZJG/FZNYuKFaMjpgGKktOWbMPQZdCmHbqpRwjNo18rOac5Vd+qbJatsZYJ/oZJDCeRq+uaH249wEhKuMENS9ipWrLwUCUUxI9Oim0gSIzxGQ9LTyFFIpJdmm0zhsXb6cBAJfbiCmft9IkWhlJMw0J0hUiP5uzYz/6v1EjW48FLK40QRjucPDRIGVQRnscA+FQQrNtGAsKD6rxCPkEBY6fCKWQj1ulM7ry9W1iHoq2XbC6dtlytOuXrjlBqXeRwFcAiOwAmogBpogGvQBC2AwT14BM/gxXgwnoxX423eumTkMwfgh4z3L7OGl1Q=</latexit>

ms,mc

<latexit sha1_base64="bYLGrF3V1NfansPAvzFb5DNEt4I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsq0Vmp3RTcuK9iHtMOQSTNtaDIzJBmhDP0KNy4UcevnuPNvTKdD8XUgcHLOvdx7jxdxprRtf1q5ldW19Y38ZmFre2d3r7h/0FFhLAltk5CHsudhRTkLaFszzWkvkhQLj9OuN7me+90HKhULgzs9jagj8ChgPiNYG+leuOoMCZcgt1iyy3YK9JdUMlKCDC23+DEYhiQWNNCEY6X6FTvSToKlZoTTWWEQKxphMsEj2jc0wIIqJ0kXnqETowyRH0rzAo1S9XtHgoVSU+GZSoH1WP325uJ/Xj/W/qWTsCCKNQ3IYpAfc6RDNL8eDZmkRPOpIZhIZnZFZIwlJtpkVEhDaDRq9fPG8mQTgvna1epS6VTLlVr54rZWal5lceThCI7hFCpQhybcQAvaQEDAIzzDiyWtJ+vVeluU5qys5xB+wHr/AtSrj/Q=</latexit>

physical
mh

<latexit sha1_base64="KQNUrypXO6SSFv5siyH0RoaGl88=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTpm1okhmSjFCGfoIbF4q49Yvc+Tem06H4OhA4Oede7r0niDjTxnU/nZXVtfWNzdxWfntnd2+/cHDY0mGsCG2SkIeqE2BNOZO0aZjhtBMpikXAaTuYXM/99gNVmoXy3kwj6gs8kmzICDZWuhP9cb9QdEtuCvSXeBkpQoZGv/DRG4QkFlQawrHWXc+NjJ9gZRjhdJbvxZpGmEzwiHYtlVhQ7SfpqjN0apUBGobKPmlQqn7vSLDQeioCWymwGevf3lz8z+vGZnjpJ0xGsaGSLAYNY45MiOZ3owFTlBg+tQQTxeyuiIyxwsTYdPJpCLVapXpeW55sQ7Bft1xeKq1yyauULm4rxfpVFkcOjuEEzsCDKtThBhrQBAIjeIRneHG48+S8Om+L0hUn6zmCH3DevwBsGo4S</latexit>

mb

<latexit sha1_base64="/2KWCHASfmyhocEBVclIuUEWnTM=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe5829M26H4OhA4Oede7r0niDnTxnU/nZXVtfWNzdxWfntnd2+/cHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX8/89gNVmkXy3kxi6gs8lCxkBBsr3Yl+0C8U3ZI7B/pLvIwUIUOjX/joDSKSCCoN4VjrrufGxk+xMoxwOs33Ek1jTMZ4SLuWSiyo9tP5qlN0apUBCiNlnzRorn7vSLHQeiICWymwGenf3kz8z+smJrz0UybjxFBJFoPChCMTodndaMAUJYZPLMFEMbsrIiOsMDE2nfw8hFqtUj2vLU+2IdivWy4vlVa55FVKF7eVYv0qiyMHx3ACZ+BBFepwAw1oAoEhPMIzvDjceXJenbdF6YqT9RzBDzjvX2MCjgw=</latexit>

mc

<latexit sha1_base64="UDJ8htYU2fjQCsQd5ZmLleq8j9M=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe5829M26H4OhA4Oede7r0niDnTxnU/nZXVtfWNzdxWfntnd2+/cHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX8/89gNVmkXy3kxi6gs8lCxkBBsr3Yk+6ReKbsmdA/0lXkaKkKHRL3z0BhFJBJWGcKx113Nj46dYGUY4neZ7iaYxJmM8pF1LJRZU++l81Sk6tcoAhZGyTxo0V793pFhoPRGBrRTYjPRvbyb+53UTE176KZNxYqgki0FhwpGJ0OxuNGCKEsMnlmCimN0VkRFWmBibTn4eQq1WqZ7XlifbEOzXLZeXSqtc8iqli9tKsX6VxZGDYziBM/CgCnW4gQY0gcAQHuEZXhzuPDmvztuidMXJeo7gB5z3L2SGjg0=</latexit>
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<latexit sha1_base64="+s+I8Sn46866cZn7OCtsiLDp97Q=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNOziLoBHgvmM4K1kVrxsFiyy3YK9Jc4GSlBhuaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsqcECVm6SLztGZUUbID6V5QqNU/d6R4ECpWeCZygDrifrtLcT/vH6s/Ss3YSKKNRVkOciPOdIhWlyNRkxSovnMEEwkM7siMsESE22yKaQh1OvV2kV9dbIJwXztSmWldCplp1q+bFVLjessjjycwCmcgwM1aMAtNKENBCg8wjO8WPfWk/VqvS1Lc1bWcww/YL1/Af99jT8=</latexit>

d

<latexit sha1_base64="HK11ee7kQJ4lBw92O6yLcfRYKiM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqkxrpXZXdOOyBfuAdiiZTKaNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vvcSPOlLbtTyu3tr6xuZXfLuzs7u0fFA+PuiqMJaEdEvJQ9l2sKGeCdjTTnPYjSXHgctpzpzcLv/dApWKhuNOziDoBHgvmM4K1kdreqFiyy3YK9JdUMlKCDK1R8WPohSQOqNCEY6UGFTvSToKlZoTTeWEYKxphMsVjOjBU4IAqJ0kXnaMzo3jID6V5QqNU/d6R4ECpWeCaygDrifrtLcT/vEGs/SsnYSKKNRVkOciPOdIhWlyNPCYp0XxmCCaSmV0RmWCJiTbZFNIQGo1a/aKxOtmEYL52tbpSutVypVa+bNdKzessjjycwCmcQwXq0IRbaEEHCFB4hGd4se6tJ+vVeluW5qys5xh+wHr/AuW5jS4=</latexit>

s

<latexit sha1_base64="YaQmUQ1ZRxHDRYKA17XocULGR+0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWmpYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APx1jT0=</latexit>

c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

b

<latexit sha1_base64="ZO2dptzqylIILdr9+IDkqnwtApE=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWt6wWLLLdgr8lzgZKaEMzWHxYzAKaRyA0JQTpfqOHWk3IVIzymFeGMQKIkKnZAx9QwUJQLlJuugcnxllhP1Qmic0TtXvHQkJlJoFnqkMiJ6o395C/M/rx9q/chMmoliDoMtBfsyxDvHiajxiEqjmM0MIlczsiumESEK1yaaQhlCvV2sX9dXJJgTztSuVldKplJ1q+bJVLTWuszjy6ASdonPkoBpqoFvURG1EEaBH9IxerHvryXq13palOSvrOUY/YL1/AeKxjSw=</latexit>

t

<latexit sha1_base64="lntVJ+u36vjg3sCFIzcVe2djXhg=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMmmljM5khuSOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLBNdj2p5VbW9/Y3MpvF3Z29/YPiodHHR3GirI2DUWoeh7RTHDJ2sBBsF6kGAk8wbre9Gbhdx+Y0jyUdzCLmBuQseQ+pwSM1IJhsWSX7RT4L3EyUkIZmsPix2AU0jhgEqggWvcdOwI3IQo4FWxeGMSaRYROyZj1DZUkYNpN0kXn+MwoI+yHyjwJOFW/dyQk0HoWeKYyIDDRv72F+J/Xj8G/chMuoxiYpMtBfiwwhHhxNR5xxSiImSGEKm52xXRCFKFgsimkIdTr1dpFfXWyCcF87UplpXQqZadavmxVS43rLI48OkGn6Bw5qIYa6BY1URtRxNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AP35jT4=</latexit>

Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |

l

<latexit sha1_base64="D4i0V0KPIc/zVWK0qanXdrkFDf0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnxYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APHZjTY=</latexit>

}

<latexit sha1_base64="XA0QT9dLsWUhu51gVMKGHz8VbzA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LKvYB7VAyaaYNzWSGJCOUoX/gxoUibv0jd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke4G82GxZJftFOgvcTJSggytYfFjMApJHFChCcdK9R070m6CpWaE03lhECsaYTLFY9o3VOCAKjdJN52jM6OMkB9K84RGqfq9I8GBUrPAM5UB1hP121uI/3n9WPuXbsJEFGsqyHKQH3OkQ7Q4G42YpETzmSGYSGZ2RWSCJSbahFNIQ2g0qvWLxupkE4L52pXKSulUyk61XLutlppXWRx5OIFTOAcH6tCEG2hBGwj48AjP8GJNrSfr1XpbluasrOcYfsB6/wK8XI2t</latexit>

sea  
(MILC HISQ 2+1+1)

h

<latexit sha1_base64="T7U/5BZEG2qc99QMbgi2L/mrq7Y=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWpNhsWSX7RT4L3EyUkIZmsPix2AU0jgAoSknSvUdO9JuQqRmlMO8MIgVRIROyRj6hgoSgHKTdNE5PjPKCPuhNE9onKrfOxISKDULPFMZED1Rv72F+J/Xj7V/5SZMRLEGQZeD/JhjHeLF1XjEJFDNZ4YQKpnZFdMJkYRqk00hDaFer9Yu6quTTQjma1cqK6VTKTvV8mWrWmpcZ3Hk0Qk6RefIQTXUQLeoidqIIkCP6Bm9WPfWk/VqvS1Lc1bWc4x+wHr/AuvJjTI=</latexit>

ml 2 {ms/27.4,ms/5}

<latexit sha1_base64="djgdVpxPuYKD/mBE+TKSkxc6TrY=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhyCB5ld7Zi7Db14nOBeYC0lzbItLE1Lkgqj7OrFr+LFgyJe/Qbe/DZmXRm+/SHwy/95HpLnH8SMSmVZn8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6AZIEkY5aSmqGOnGgqAwYKQTjK9m9c4dEZJG/FZNYuKFaMjpgGKktOWbMPQZdCmHbqpRwjNo18rOac5Vd+qbJatsZYJ/oZJDCeRq+uaH249wEhKuMENS9ipWrLwUCUUxI9Oim0gSIzxGQ9LTyFFIpJdmm0zhsXb6cBAJfbiCmft9IkWhlJMw0J0hUiP5uzYz/6v1EjW48FLK40QRjucPDRIGVQRnscA+FQQrNtGAsKD6rxCPkEBY6fCKWQj1ulM7ry9W1iHoq2XbC6dtlytOuXrjlBqXeRwFcAiOwAmogBpogGvQBC2AwT14BM/gxXgwnoxX423eumTkMwfgh4z3L7OGl1Q=</latexit>

ms,mc

<latexit sha1_base64="bYLGrF3V1NfansPAvzFb5DNEt4I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgQsq0Vmp3RTcuK9iHtMOQSTNtaDIzJBmhDP0KNy4UcevnuPNvTKdD8XUgcHLOvdx7jxdxprRtf1q5ldW19Y38ZmFre2d3r7h/0FFhLAltk5CHsudhRTkLaFszzWkvkhQLj9OuN7me+90HKhULgzs9jagj8ChgPiNYG+leuOoMCZcgt1iyy3YK9JdUMlKCDC23+DEYhiQWNNCEY6X6FTvSToKlZoTTWWEQKxphMsEj2jc0wIIqJ0kXnqETowyRH0rzAo1S9XtHgoVSU+GZSoH1WP325uJ/Xj/W/qWTsCCKNQ3IYpAfc6RDNL8eDZmkRPOpIZhIZnZFZIwlJtpkVEhDaDRq9fPG8mQTgvna1epS6VTLlVr54rZWal5lceThCI7hFCpQhybcQAvaQEDAIzzDiyWtJ+vVeluU5qys5xB+wHr/AtSrj/Q=</latexit>

physical
mh

<latexit sha1_base64="KQNUrypXO6SSFv5siyH0RoaGl88=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTpm1okhmSjFCGfoIbF4q49Yvc+Tem06H4OhA4Oede7r0niDjTxnU/nZXVtfWNzdxWfntnd2+/cHDY0mGsCG2SkIeqE2BNOZO0aZjhtBMpikXAaTuYXM/99gNVmoXy3kwj6gs8kmzICDZWuhP9cb9QdEtuCvSXeBkpQoZGv/DRG4QkFlQawrHWXc+NjJ9gZRjhdJbvxZpGmEzwiHYtlVhQ7SfpqjN0apUBGobKPmlQqn7vSLDQeioCWymwGevf3lz8z+vGZnjpJ0xGsaGSLAYNY45MiOZ3owFTlBg+tQQTxeyuiIyxwsTYdPJpCLVapXpeW55sQ7Bft1xeKq1yyauULm4rxfpVFkcOjuEEzsCDKtThBhrQBAIjeIRneHG48+S8Om+L0hUn6zmCH3DevwBsGo4S</latexit>

mb

<latexit sha1_base64="/2KWCHASfmyhocEBVclIuUEWnTM=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe5829M26H4OhA4Oede7r0niDnTxnU/nZXVtfWNzdxWfntnd2+/cHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX8/89gNVmkXy3kxi6gs8lCxkBBsr3Yl+0C8U3ZI7B/pLvIwUIUOjX/joDSKSCCoN4VjrrufGxk+xMoxwOs33Ek1jTMZ4SLuWSiyo9tP5qlN0apUBCiNlnzRorn7vSLHQeiICWymwGenf3kz8z+smJrz0UybjxFBJFoPChCMTodndaMAUJYZPLMFEMbsrIiOsMDE2nfw8hFqtUj2vLU+2IdivWy4vlVa55FVKF7eVYv0qiyMHx3ACZ+BBFepwAw1oAoEhPMIzvDjceXJenbdF6YqT9RzBDzjvX2MCjgw=</latexit>

mc

<latexit sha1_base64="UDJ8htYU2fjQCsQd5ZmLleq8j9M=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZlaqd0V3bisaB/QDiWTZtrQJDMkGaEM/QQ3LhRx6xe5829M26H4OhA4Oede7r0niDnTxnU/nZXVtfWNzdxWfntnd2+/cHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX8/89gNVmkXy3kxi6gs8lCxkBBsr3Yk+6ReKbsmdA/0lXkaKkKHRL3z0BhFJBJWGcKx113Nj46dYGUY4neZ7iaYxJmM8pF1LJRZU++l81Sk6tcoAhZGyTxo0V793pFhoPRGBrRTYjPRvbyb+53UTE176KZNxYqgki0FhwpGJ0OxuNGCKEsMnlmCimN0VkRFWmBibTn4eQq1WqZ7XlifbEOzXLZeXSqtc8iqli9tKsX6VxZGDYziBM/CgCnW4gQY0gcAQHuEZXhzuPDmvztuidMXJeo7gB5z3L2SGjg0=</latexit>
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1

×
× ×

<latexit sha1_base64="0eNWq9fIlHFhcULQuPJnJw1BHtQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsruNFdC/YB7VAy6Z02NpMZkoxQhn6BGxeKuPWT3Pk3ptOh+DoQODnnXu69x4s4U9q2P63c2vrG5lZ+u7Czu7d/UDw86qgwlhTaNOSh7HlEAWcC2pppDr1IAgk8Dl1ver3wuw8gFQvFnZ5F4AZkLJjPKNFGak2GxZJdtlPgv8TJSAllaA6LH4NRSOMAhKacKNV37Ei7CZGaUQ7zwiBWEBE6JWPoGypIAMpN0kXn+MwoI+yH0jyhcap+70hIoNQs8ExlQPRE/fYW4n9eP9b+lZswEcUaBF0O8mOOdYgXV+MRk0A1nxlCqGRmV0wnRBKqTTaFNIR6vVq7qK9ONiGYr12prJROpexclu1WtdS4zeLIoxN0is6Rg2qogW5QE7URRYAe0TN6se6tJ+vVeluW5qys5xj9gPX+BeyejTU=</latexit>

h l

<latexit sha1_base64="D4i0V0KPIc/zVWK0qanXdrkFDf0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnxYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APHZjTY=</latexit>

c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

Hc

<latexit sha1_base64="guHNiV+9RhL/Rq27t/zmeEMbOnY=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6KbLivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNeziLoBHgvmM4K1ke6aQzIsluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/yk2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQj1erV2UV+dbEIwX7tSWSmdStmpli9vq6XGdRZHHk7gFM7BgRo0oAktaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8sKI3o</latexit>

<latexit sha1_base64="tSdVciC1Z6/soYDjfmKDdyceCx0=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2uoAvdtWAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmE4H8XUgcHLOvdx7jxdxprRtf1i5ldW19Y38ZmFre2d3r7h/0FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN71c+N17KhULxa2eRdQN8FgwnxGsjdS6GhZLdtlOgf4SJyMlyNAcFt8Ho5DEARWacKxU37Ej7SZYakY4nRcGsaIRJlM8pn1DBQ6ocpN00Tk6McoI+aE0T2iUqt87EhwoNQs8UxlgPVG/vYX4n9ePtX/hJkxEsaaCLAf5MUc6RIur0YhJSjSfGYKJZGZXRCZYYqJNNoU0hHq9Wjurf51sQjBfu1L5UjqVsnNetlvVUuMmiyMPR3AMp+BADRpwDU1oAwEKD/AEz9ad9Wi9WK/L0pyV9RzCD1hvn7YOjRE=</latexit>

D

<latexit sha1_base64="QAE4IPWbAMLquReYNI5YIbFF0cI=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFcSJmpldpdwY3uKtoHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ptOh+DoQODnnXu69x4s4U9q2P62l5ZXVtfXcRn5za3tnt7C331JhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N76c+e0HKhULxZ2eRNQN8FAwnxGsjdRp9RN7eopu+4WiXbJToL/EyUgRMjT6hY/eICRxQIUmHCvVdexIuwmWmhFOp/lerGiEyRgPaddQgQOq3CTdd4qOjTJAfijNExql6veOBAdKTQLPVAZYj9Rvbyb+53Vj7V+4CRNRrKkg80F+zJEO0ex4NGCSEs0nhmAimdkVkRGWmGgTUT4NoVarVM9qi5NNCOZrl8sLpVUuOecl+6ZSrF9nceTgEI7gBByoQh2uoAFNIMDhEZ7hxbq3nqxX621eumRlPQfwA9b7Fx9Jj48=</latexit>

V0, S

× ×
<latexit sha1_base64="0eNWq9fIlHFhcULQuPJnJw1BHtQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsruNFdC/YB7VAy6Z02NpMZkoxQhn6BGxeKuPWT3Pk3ptOh+DoQODnnXu69x4s4U9q2P63c2vrG5lZ+u7Czu7d/UDw86qgwlhTaNOSh7HlEAWcC2pppDr1IAgk8Dl1ver3wuw8gFQvFnZ5F4AZkLJjPKNFGak2GxZJdtlPgv8TJSAllaA6LH4NRSOMAhKacKNV37Ei7CZGaUQ7zwiBWEBE6JWPoGypIAMpN0kXn+MwoI+yH0jyhcap+70hIoNQs8ExlQPRE/fYW4n9eP9b+lZswEcUaBF0O8mOOdYgXV+MRk0A1nxlCqGRmV0wnRBKqTTaFNIR6vVq7qK9ONiGYr12prJROpexclu1WtdS4zeLIoxN0is6Rg2qogW5QE7URRYAe0TN6se6tJ+vVeluW5qys5xj9gPX+BeyejTU=</latexit>

h
c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

Hc

<latexit sha1_base64="guHNiV+9RhL/Rq27t/zmeEMbOnY=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6KbLivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNeziLoBHgvmM4K1ke6aQzIsluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/yk2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQj1erV2UV+dbEIwX7tSWSmdStmpli9vq6XGdRZHHk7gFM7BgRo0oAktaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8sKI3o</latexit>

Hc

<latexit sha1_base64="guHNiV+9RhL/Rq27t/zmeEMbOnY=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u6KbLivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1pjcLv/tApWKhuNeziLoBHgvmM4K1ke6aQzIsluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/yk2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQj1erV2UV+dbEIwX7tSWSmdStmpli9vq6XGdRZHHk7gFM7BgRo0oAktaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8sKI3o</latexit>

× ×
c

<latexit sha1_base64="zy+E7DaAoDkeK3EG+mPxX5aaMqU=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnRYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/AOQ1jS0=</latexit>

<latexit sha1_base64="tSdVciC1Z6/soYDjfmKDdyceCx0=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2uoAvdtWAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmE4H8XUgcHLOvdx7jxdxprRtf1i5ldW19Y38ZmFre2d3r7h/0FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN71c+N17KhULxa2eRdQN8FgwnxGsjdS6GhZLdtlOgf4SJyMlyNAcFt8Ho5DEARWacKxU37Ej7SZYakY4nRcGsaIRJlM8pn1DBQ6ocpN00Tk6McoI+aE0T2iUqt87EhwoNQs8UxlgPVG/vYX4n9ePtX/hJkxEsaaCLAf5MUc6RIur0YhJSjSfGYKJZGZXRCZYYqJNNoU0hHq9Wjurf51sQjBfu1L5UjqVsnNetlvVUuMmiyMPR3AMp+BADRpwDU1oAwEKD/AEz9ad9Wi9WK/L0pyV9RzCD1hvn7YOjRE=</latexit>

D
<latexit sha1_base64="tSdVciC1Z6/soYDjfmKDdyceCx0=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2uoAvdtWAf0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmE4H8XUgcHLOvdx7jxdxprRtf1i5ldW19Y38ZmFre2d3r7h/0FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN71c+N17KhULxa2eRdQN8FgwnxGsjdS6GhZLdtlOgf4SJyMlyNAcFt8Ho5DEARWacKxU37Ej7SZYakY4nRcGsaIRJlM8pn1DBQ6ocpN00Tk6McoI+aE0T2iUqt87EhwoNQs8UxlgPVG/vYX4n9ePtX/hJkxEsaaCLAf5MUc6RIur0YhJSjSfGYKJZGZXRCZYYqJNNoU0hHq9Wjurf51sQjBfu1L5UjqVsnNetlvVUuMmiyMPR3AMp+BADRpwDU1oAwEKD/AEz9ad9Wi9WK/L0pyV9RzCD1hvn7YOjRE=</latexit>

D
l

<latexit sha1_base64="D4i0V0KPIc/zVWK0qanXdrkFDf0=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjO1UrsrunHZgn1AO5RMeqeNzWSGJCOUoV/gxoUibv0kd/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJYU2DXkoex5RwJmAtmaaQy+SQAKPQ9eb3iz87gNIxUJxp2cRuAEZC+YzSrSRWnxYLNllOwX+S5yMlFCG5rD4MRiFNA5AaMqJUn3HjrSbEKkZ5TAvDGIFEaFTMoa+oYIEoNwkXXSOz4wywn4ozRMap+r3joQESs0Cz1QGRE/Ub28h/uf1Y+1fuQkTUaxB0OUgP+ZYh3hxNR4xCVTzmSGESmZ2xXRCJKHaZFNIQ6jXq7WL+upkE4L52pXKSulUyk61fNmqlhrXWRx5dIJO0TlyUA010C1qojaiCNAjekYv1r31ZL1ab8vSnJX1HKMfsN6/APHZjTY=</latexit>

<latexit sha1_base64="XKU77sqDxG28xTPOb9eEuiVk7aE=">AAACCnicbVC7TsMwFHV4lvIqMLIYKiSmKilFpVslGMpWJPoQTRQ5rtNadZzIdpCq0JmFX2FhACFWvoCNv8FNo4rXkWwdn3Ovru/xIkalMs1PY2FxaXllNbeWX9/Y3Nou7Oy2ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpOONzqd+55YISUN+rcYRcQI04NSnGCktuYWDG7cNbYb4gBF4Ae9g2zX13XAxtEWquoWiWTJTwL/EykgRZGi6hQ+7H+I4IFxhhqTsWWaknAQJRTEjk7wdSxIhPEID0tOUo4BIJ0lXmcAjrfShHwp9uIKp+r0jQYGU48DTlQFSQ/nbm4r/eb1Y+WdOQnkUK8LxbJAfM6hCOM0F9qkgWLGxJggLqv8K8RAJhJVOL5+GUKtVqie1+co6BP00y+W50i6XrNOSeVUp1i+zOHJgHxyCY2CBKqiDBmiCFsDgHjyCZ/BiPBhPxqvxNitdMLKePfADxvsXWyCY/A==</latexit>

ZV hD|V0|Hci
<latexit sha1_base64="BStf66EpNEQPbx/AlAgIbMQmFCM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaRWancFXdRdRfuAJoTJdNIOnUzCzEQosQs3/oobF4q49SPc+TdO01J8Hbhw5px7uXOPHzMqlWV9GkvLK6tr67mN/ObW9s6uubffllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/Op/6nVsiJI34jRrHxA3RgNOAYqS05JkFhyE+YARewDt4ravhYeiITPPMolWyMsC/xJ6TIpij6ZkfTj/CSUi4wgxJ2bOtWLkpEopiRiZ5J5EkRniEBqSnKUchkW6aHTGBR1rpwyASuriCmfp9IkWhlOPQ150hUkP525uK/3m9RAVnbkp5nCjC8WxRkDCoIjhNBPapIFixsSYIC6r/CvEQCYSVzi2fhVCrVaontcXJOgT9tMrlhdIul+zTknVVKdYv53HkQAEcgmNggyqogwZoghbA4B48gmfwYjwYT8ar8TZrXTLmMwfgB4z3L52elv8=</latexit>

hD|S|Hci
<latexit sha1_base64="y7b2oPmV5DDP34chT29KGl2QybY="></latexit>

f latt
0,+

�
q2
�
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<latexit sha1_base64="vQ4vvfpmiZkSswRoYfm0Qrz7oHs="></latexit>
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✓
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M2
res

<latexit sha1_base64="25onY1JOZqGmadqD771jJ3LcGM8="></latexit>
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�
q2
�
=

p
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p
t+ � t0p

t+ � q2 +
p
t+ � t0

<latexit sha1_base64="q9CSes+CSmLNfZLmEmt5tB6pieY="></latexit>
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<latexit sha1_base64="ia8A37lVszlV4xO+yLszo8JZcAI=">AAAB8HicbVDLSgMxFM34rPVVdekmWIS6KTNjpXZXcKO7CvYh7VgyaaYNTTJjkhHK0K9w40IRt36OO//GdDoUXwcCJ+fcy733+BGjStv2p7W0vLK6tp7byG9ube/sFvb2WyqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744uZ334gUtFQ3OhJRDyOhoIGFCNtpNugb8PS/Z170i8U7bKdAv4lTkaKIEOjX/joDUIccyI0ZkiprmNH2kuQ1BQzMs33YkUihMdoSLqGCsSJ8pJ04Sk8NsoABqE0T2iYqt87EsSVmnDfVHKkR+q3NxP/87qxDs69hIoo1kTg+aAgZlCHcHY9HFBJsGYTQxCW1OwK8QhJhLXJKJ+GUKtVqqe1xckmBPO1XXehtNyyc1a2ryvF+lUWRw4cgiNQAg6ogjq4BA3QBBhw8AiewYslrSfr1Xqbly5ZWc8B+AHr/QslJ4+E</latexit> f 0
(q

2
)

f0
�
q2
�
= P

�
q2
��1

N=3X

n,r,j,k=0

A(n)
rijk

(�z)nN (n)
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(r)
Hl

⇣amh

⇡
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⌘2k

<latexit sha1_base64="tQfqEuE7Ds3Qo8Kvd3kvx5naF6A="></latexit>



<latexit sha1_base64="vQ4vvfpmiZkSswRoYfm0Qrz7oHs="></latexit>
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Hl
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✓
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P (q2) = 1� q2

M2
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<latexit sha1_base64="25onY1JOZqGmadqD771jJ3LcGM8="></latexit>
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�
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p
t+ � q2 �

p
t+ � t0p

t+ � q2 +
p
t+ � t0

<latexit sha1_base64="q9CSes+CSmLNfZLmEmt5tB6pieY="></latexit>
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<latexit sha1_base64="ia8A37lVszlV4xO+yLszo8JZcAI=">AAAB8HicbVDLSgMxFM34rPVVdekmWIS6KTNjpXZXcKO7CvYh7VgyaaYNTTJjkhHK0K9w40IRt36OO//GdDoUXwcCJ+fcy733+BGjStv2p7W0vLK6tp7byG9ube/sFvb2WyqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744uZ334gUtFQ3OhJRDyOhoIGFCNtpNugb8PS/Z170i8U7bKdAv4lTkaKIEOjX/joDUIccyI0ZkiprmNH2kuQ1BQzMs33YkUihMdoSLqGCsSJ8pJ04Sk8NsoABqE0T2iYqt87EsSVmnDfVHKkR+q3NxP/87qxDs69hIoo1kTg+aAgZlCHcHY9HFBJsGYTQxCW1OwK8QhJhLXJKJ+GUKtVqqe1xckmBPO1XXehtNyyc1a2ryvF+lUWRw4cgiNQAg6ogjq4BA3QBBhw8AiewYslrSfr1Xqbly5ZWc8B+AHr/QslJ4+E</latexit> f 0
(q

2
)

ultrafine  
 a ≈ 0.045 fm

amh = 0.8

f0
�
q2
�
= P

�
q2
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A(n)
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(�z)nN (n)
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(r)
Hl

⇣amh

⇡

⌘2j ⇣amc

⇡

⌘2k

<latexit sha1_base64="tQfqEuE7Ds3Qo8Kvd3kvx5naF6A="></latexit>



0 5 10 15 20
q2 GeV2

0.0

0.5

1.0

1.5

2.0

f 0
,+

f0

<latexit sha1_base64="HacPE0s3JRUvOLJqmXnpiZVwaR0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke78oT0sluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/0k2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQiNRrV+0VidbEIwX7tSWSmdStmplmu31VLzKosjDydwCufgQB2acAMtaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8MkI3T</latexit>

f+

<latexit sha1_base64="yuGR6WlOYqCIox9tuHP/SfBYEr0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIsgCGWmVmp3RTcuK9oHtEPJpJk2NJMZkoxQhn6CGxeKuPWL3Pk3ptOh+DoQODnnXu69x4s4U9q2P63cyura+kZ+s7C1vbO7V9w/aKswloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm1zP/c4DlYqF4l5PI+oGeCSYzwjWRrrzB2eDYsku2ynQX+JkpAQZmoPiR38YkjigQhOOleo5dqTdBEvNCKezQj9WNMJkgke0Z6jAAVVukq46QydGGSI/lOYJjVL1e0eCA6WmgWcqA6zH6rc3F//zerH2L92EiSjWVJDFID/mSIdofjcaMkmJ5lNDMJHM7IrIGEtMtEmnkIZQr1dr5/XlySYE87UrlaXSrpSdavnitlpqXGVx5OEIjuEUHKhBA26gCS0gMIJHeIYXi1tP1qv1tijNWVnPIfyA9f4FBPyNzg==</latexit>

B
c ! D

[HPQCD
PRELIMINARY]
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Prospects: improving errors
• Statistics can be increased 

• Improve  error at zero-recoil by including the spatial vector current 

• Most error coming from reaching the physical  mass

f+

b

12

• More values of  on existing lattices… 

• … and/or simulate at  on the exafine lattice

amh

amh = amb

•  

•  

a ≈ 0.033 fm

amb ≈ 0.625

Laurence Cooper (HPQCD), Theory meets experiment on  and , 12th January 2021|Vub | |Vcb |

(exafine run in progress f
or 

)Bc → Ds
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Prospects:  for heavy-to-light decays fT
•  in tandem with a calculation of  for  (via (rare) )Bc → D f0,+,T Bc → Ds b → s

13

<latexit sha1_base64="AR4ACOY9goSf8OzsLGtCSN6ZxtA=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclUyt1O4KbnRX0T6gHUomzbShmcyQZIQy9BPcuFDErV/kzr8xbYfi60Dg5Jx7ufcePxZcG4w/nZXVtfWNzdxWfntnd2+/cHDY0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vpr57QemNI/kvZnEzAvJUPKAU2KsdBf0cb9QxCU8B/pL3IwUIUOjX/joDSKahEwaKojWXRfHxkuJMpwKNs33Es1iQsdkyLqWShIy7aXzVafo1CoDFETKPmnQXP3ekZJQ60no28qQmJH+7c3E/7xuYoJLL+UyTgyTdDEoSAQyEZrdjQZcMWrExBJCFbe7IjoiilBj08nPQ6jVKtXz2vJkG4L94nJ5qbTKJfeihG8rxfpNFkcOjuEEzsCFKtThGhrQBApDeIRneHGE8+S8Om+L0hUn6zmCH3DevwANZY3W</latexit>

f0

<latexit sha1_base64="QsTKTVf1RwjTq4qA/BwjteVvn0k=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIsgCGWmVmp3BTe6q2gf0A4lk2ba0ExmSDJCGfoJblwo4tYvcuffmE6H4utA4OSce7n3Hi/iTGnb/rRyK6tr6xv5zcLW9s7uXnH/oK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3I19zsPVCoWins9jagb4JFgPiNYG+nOH5wNiiW7bKdAf4mTkRJkaA6KH/1hSOKACk04Vqrn2JF2Eyw1I5zOCv1Y0QiTCR7RnqECB1S5SbrqDJ0YZYj8UJonNErV7x0JDpSaBp6pDLAeq9/eXPzP68Xav3QTJqJYU0EWg/yYIx2i+d1oyCQlmk8NwUQysysiYywx0SadQhpCvV6tndeXJ5sQzNeuVJZKu1J2Lsr2bbXUuMniyMMRHMMpOFCDBlxDE1pAYASP8AwvFreerFfrbVGas7KeQ/gB6/0LBdGN0Q==</latexit>

f+

<latexit sha1_base64="8fVN5/s3BDlIElx57vT4sV7yBV4=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUSu2u4EZ3FfuCdiiZNNOGZjJDkhHK0E9w40IRt36RO//GdDoUXwcCJ+fcy733eBFnStv2p5VbW9/Y3MpvF3Z29/YPiodHHRXGktA2CXkoex5WlDNB25ppTnuRpDjwOO160+uF332gUrFQtPQsom6Ax4L5jGBtpHt/2BoWS3bZToH+EicjJcjQHBY/BqOQxAEVmnCsVN+xI+0mWGpGOJ0XBrGiESZTPKZ9QwUOqHKTdNU5OjPKCPmhNE9olKrfOxIcKDULPFMZYD1Rv72F+J/Xj7V/5SZMRLGmgiwH+TFHOkSLu9GISUo0nxmCiWRmV0QmWGKiTTqFNIR6vVq7qK9ONiGYr12prJROpexclu27aqlxm8WRhxM4hXNwoAYNuIEmtIHAGB7hGV4sbj1Zr9bbsjRnZT3H8APW+xdD9Y36</latexit>

fT

<latexit sha1_base64="Y/fLFw1EhbkC/cWFSSthBOVRQwc=">AAACDXicbVDLSgMxFM3UV62vqks3wVZwVWYKouCm2gotqEyLfcjMMGTStA3NPEgyQin9ATf+ihsXirh1786/MX0Iaj0QOJxzLzfneBGjQur6p5ZYWFxaXkmuptbWNza30ts7DRHGHJM6DlnIWx4ShNGA1CWVjLQiTpDvMdL0+sWx37wjXNAwuJGDiDg+6ga0QzGSSnLT2ey5i6EtQ1hyRRbap9Aqm9ViCZq1i8vKVeX6rHbruOmMkdMngPoc+bYyYAbTTX/Y7RDHPgkkZkgIy9Aj6QwRlxQzMkrZsSARwn3UJZaiAfKJcIaTNCN4oJQ27IRcvUDCifpzY4h8IQa+pyZ9JHvirzcW//OsWHZOnCENoliSAE8PdWIGVfhxNbBNOcGSDRRBmFP1V4h7iCMsVYEpVcJ89rkSGvmccZTTq/lMoTKrIwn2wD44BAY4BgVQBiaoAwzuwSN4Bi/ag/akvWpv09GENtvZBb+gvX8BDCSYZg==</latexit>

Bc ! Ds [HPQCD PRELIMINARY]
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<latexit sha1_base64="HacPE0s3JRUvOLJqmXnpiZVwaR0=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqszUltpd0Y3LivYB7VAyaaYNzWSGJCOUoZ/gxoUibv0id/6N6XQovg4ETs65l3vv8SLOlLbtTyu3tr6xuZXfLuzs7u0fFA+POiqMJaFtEvJQ9jysKGeCtjXTnPYiSXHgcdr1ptcLv/tApWKhuNeziLoBHgvmM4K1ke78oT0sluyynQL9JU5GSpChNSx+DEYhiQMqNOFYqb5jR9pNsNSMcDovDGJFI0ymeEz7hgocUOUm6apzdGaUEfJDaZ7QKFW/dyQ4UGoWeKYywHqifnsL8T+vH2v/0k2YiGJNBVkO8mOOdIgWd6MRk5RoPjMEE8nMrohMsMREm3QKaQiNRrV+0VidbEIwX7tSWSmdStmplmu31VLzKosjDydwCufgQB2acAMtaAOBMTzCM7xY3HqyXq23ZWnOynqO4Qes9y8MkI3T</latexit>
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