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Elastic neutrino-electron scattering
- historic channel in discovery of weak neutral currents

- solar neutrino studies

- reactor antineutrino studies

- measurement of total cross section and Weinberg angle
CHARM (1988), CHARM-II (1994), BNL-E734 (1990), LAMPF (1993), LSND (2001)

Savannah river (1976), Krasnoyarsk (1990), Rovno (1993), MUNU (2005), TEXONO (2010), GEMMA (2012)

Gargamelle (1973)

Kamiokande, SNO, Super-Kamiokande I-IV, Borexino, Hyper-Kamiokande
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Elastic neutrino-electron scattering

- EFT-based calculation with % accuracy was absent
- relatively clean tool to constrain neutrino flux in DUNE

- standard candle to constrain neutrino flux:

MINERvA (2016), MINERvA and NOvA analyses ongoing

- small cross section scales as electron mass m:

10-4-10-3 of cross section on nucleons and nuclei

uncertainty from 9% to 6%

- historic channel in discovery of weak neutral currents

- solar neutrino studies

- reactor antineutrino studies

- measurement of total cross section and Weinberg angle
CHARM (1988), CHARM-II (1994), BNL-E734 (1990), LAMPF (1993), LSND (2001)

Savannah river (1976), Krasnoyarsk (1990), Rovno (1993), MUNU (2005), TEXONO (2010), GEMMA (2012)

Gargamelle (1973)

Kamiokande, SNO, Super-Kamiokande I-IV, Borexino, Hyper-Kamiokande
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Neutrino scattering in EFT. Matching
- tree-level matching to low-energy EFT: 

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>

cR = 2
p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>

⌫

e e

⌫

<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit>

⌫

e e

⌫

<latexit sha1_base64="hlEoz5iZCA+c2SAOsHsGDEQXdaI="></latexit>

⌫

e ⌫

e

<latexit sha1_base64="7nlTwNFcBzOB/iPeq9AWQ+uWkic="></latexit>

W
<latexit sha1_base64="iwDr9lDME/gocupjs2b0usOSKsA=">AAAB6HicdVDLSsNAFJ3UV42vqks3g6XgKiStNe1CLLpx2YJ9QBvKZDppx04ezEyEEvoFblwo4lY/xr0b8W+ctCpW8MCFwzn3cu69bsSokKb5oWWWlldW17Lr+sbm1vZObnevJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+CL12zeECxoGV3ISEcdHw4B6FCOppEa7n8ubRrFqV60yNA2zfFyx7ZQUqydWCVqGOUP+7FU/jV7e9Xo/99YbhDj2SSAxQ0J0LTOSToK4pJiRqd6LBYkQHqMh6SoaIJ8IJ5ktOoUFpQygF3JVgYQz9fdEgnwhJr6rOn0kR0Iv/DFT9cdciJJexUloEMWSBHie5MUMyhCmZ8MB5QRLNlEEYU7VshCPEEdYqueoJ3xfCv8nraJhlYxiw8zXzsEcWXAADsERsIANauAS1EETYEDALbgHD9q1dqc9ak/z1oz2NbMPFqA9fwKFUJCM</latexit>

Z
<latexit sha1_base64="GpG16vhOVy3ltGaV7TYonW+MyRY=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFZLWmnYhFt24bME+sA1lMp20YycPZiZCCf0CNy4Ucasf496N+DdOWhUreODC4Zx7OfdeN2JUSNP80DILi0vLK9lVfW19Y3Mrt73TFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJ76rRvCBQ2DSzmOiOOjQUA9ipFUUv2ql8ubRqFiV6wSNA2zdFS27ZQUKsdWEVqGOUX+9FU/iV7e9Vov99bthzj2SSAxQ0J0LDOSToK4pJiRid6NBYkQHqEB6SgaIJ8IJ5kuOoEHSulDL+SqAgmn6u+JBPlCjH1XdfpIDoV+8MdM1R9zLkp6ZSehQRRLEuBZkhczKEOYng37lBMs2VgRhDlVy0I8RBxhqZ6jnvB9KfyfNAuGVTQKdTNfPQMzZMEe2AeHwAI2qIILUAMNgAEBt+AePGjX2p32qD3NWjPa18wumIP2/AmJ3JCP</latexit>

neutral current charged current

Le↵ = �⌫̄�µPL⌫ · ē�µ(cLPL + cRPR)e
<latexit sha1_base64="Gr9NZoaDepWPbE6WtGjstjtXT9w="></latexit>

Weinberg (1967), 't Hooft (1971)

PL =
1� �5

2
PR =

1 + �5
2

<latexit sha1_base64="jIVJtqzhKgEEG4nBepEiUg5r0U8="></latexit>

- projectors on chiral states:

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>



!5

Neutrino scattering in EFT. Matching
- tree-level matching to low-energy EFT: 

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>

cR = 2
p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>

⌫

e e

⌫

<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit>

⌫

e e

⌫

<latexit sha1_base64="hlEoz5iZCA+c2SAOsHsGDEQXdaI="></latexit>

⌫

e ⌫

e

<latexit sha1_base64="7nlTwNFcBzOB/iPeq9AWQ+uWkic="></latexit>

W
<latexit sha1_base64="iwDr9lDME/gocupjs2b0usOSKsA=">AAAB6HicdVDLSsNAFJ3UV42vqks3g6XgKiStNe1CLLpx2YJ9QBvKZDppx04ezEyEEvoFblwo4lY/xr0b8W+ctCpW8MCFwzn3cu69bsSokKb5oWWWlldW17Lr+sbm1vZObnevJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+CL12zeECxoGV3ISEcdHw4B6FCOppEa7n8ubRrFqV60yNA2zfFyx7ZQUqydWCVqGOUP+7FU/jV7e9Xo/99YbhDj2SSAxQ0J0LTOSToK4pJiRqd6LBYkQHqMh6SoaIJ8IJ5ktOoUFpQygF3JVgYQz9fdEgnwhJr6rOn0kR0Iv/DFT9cdciJJexUloEMWSBHie5MUMyhCmZ8MB5QRLNlEEYU7VshCPEEdYqueoJ3xfCv8nraJhlYxiw8zXzsEcWXAADsERsIANauAS1EETYEDALbgHD9q1dqc9ak/z1oz2NbMPFqA9fwKFUJCM</latexit>

Z
<latexit sha1_base64="GpG16vhOVy3ltGaV7TYonW+MyRY=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFZLWmnYhFt24bME+sA1lMp20YycPZiZCCf0CNy4Ucasf496N+DdOWhUreODC4Zx7OfdeN2JUSNP80DILi0vLK9lVfW19Y3Mrt73TFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJ76rRvCBQ2DSzmOiOOjQUA9ipFUUv2ql8ubRqFiV6wSNA2zdFS27ZQUKsdWEVqGOUX+9FU/iV7e9Vov99bthzj2SSAxQ0J0LDOSToK4pJiRid6NBYkQHqEB6SgaIJ8IJ5kuOoEHSulDL+SqAgmn6u+JBPlCjH1XdfpIDoV+8MdM1R9zLkp6ZSehQRRLEuBZkhczKEOYng37lBMs2VgRhDlVy0I8RBxhqZ6jnvB9KfyfNAuGVTQKdTNfPQMzZMEe2AeHwAI2qIILUAMNgAEBt+AePGjX2p32qD3NWjPa18wumIP2/AmJ3JCP</latexit>

neutral current charged current

�ig�µ
p2Z �M2

Z
<latexit sha1_base64="TveJys0Zx2nH2u0iNuxUBuHkXus="></latexit>

�ig�µ
p2W �M2

W
<latexit sha1_base64="GWOxCL28qOsFWhwwJe9LiYtstss="></latexit>

Le↵ = �⌫̄�µPL⌫ · ē�µ(cLPL + cRPR)e
<latexit sha1_base64="Gr9NZoaDepWPbE6WtGjstjtXT9w="></latexit>

PL =
1� �5

2
PR =

1 + �5
2

<latexit sha1_base64="jIVJtqzhKgEEG4nBepEiUg5r0U8="></latexit>

- projectors on chiral states:
Weinberg (1967), 't Hooft (1971)

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>
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Neutrino scattering in EFT. Matching
- tree-level matching to low-energy EFT: 

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>

cR = 2
p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>

⌫

e e

⌫

<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit>

⌫

e e

⌫

<latexit sha1_base64="hlEoz5iZCA+c2SAOsHsGDEQXdaI="></latexit>

⌫

e ⌫

e

<latexit sha1_base64="7nlTwNFcBzOB/iPeq9AWQ+uWkic="></latexit>

W
<latexit sha1_base64="iwDr9lDME/gocupjs2b0usOSKsA=">AAAB6HicdVDLSsNAFJ3UV42vqks3g6XgKiStNe1CLLpx2YJ9QBvKZDppx04ezEyEEvoFblwo4lY/xr0b8W+ctCpW8MCFwzn3cu69bsSokKb5oWWWlldW17Lr+sbm1vZObnevJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+CL12zeECxoGV3ISEcdHw4B6FCOppEa7n8ubRrFqV60yNA2zfFyx7ZQUqydWCVqGOUP+7FU/jV7e9Xo/99YbhDj2SSAxQ0J0LTOSToK4pJiRqd6LBYkQHqMh6SoaIJ8IJ5ktOoUFpQygF3JVgYQz9fdEgnwhJr6rOn0kR0Iv/DFT9cdciJJexUloEMWSBHie5MUMyhCmZ8MB5QRLNlEEYU7VshCPEEdYqueoJ3xfCv8nraJhlYxiw8zXzsEcWXAADsERsIANauAS1EETYEDALbgHD9q1dqc9ak/z1oz2NbMPFqA9fwKFUJCM</latexit>

Z
<latexit sha1_base64="GpG16vhOVy3ltGaV7TYonW+MyRY=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFZLWmnYhFt24bME+sA1lMp20YycPZiZCCf0CNy4Ucasf496N+DdOWhUreODC4Zx7OfdeN2JUSNP80DILi0vLK9lVfW19Y3Mrt73TFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJ76rRvCBQ2DSzmOiOOjQUA9ipFUUv2ql8ubRqFiV6wSNA2zdFS27ZQUKsdWEVqGOUX+9FU/iV7e9Vov99bthzj2SSAxQ0J0LDOSToK4pJiRid6NBYkQHqEB6SgaIJ8IJ5kuOoEHSulDL+SqAgmn6u+JBPlCjH1XdfpIDoV+8MdM1R9zLkp6ZSehQRRLEuBZkhczKEOYng37lBMs2VgRhDlVy0I8RBxhqZ6jnvB9KfyfNAuGVTQKdTNfPQMzZMEe2AeHwAI2qIILUAMNgAEBt+AePGjX2p32qD3NWjPa18wumIP2/AmJ3JCP</latexit>

neutral current charged current

igp
2
��PL�⌫⌫e

<latexit sha1_base64="ua8R4pERIRHrG1rsTv5D+SGBWlQ="></latexit>

igp
2
�µPL�⌫⌫e

<latexit sha1_base64="WWYCKu/qVT0KDEmZJj8oW74XeNo="></latexit>

ig

2 cos ✓W
��

PL
<latexit sha1_base64="I0q5uAlUiYgZX+oqH3qkNQEJtWs="></latexit>

ig

cos ✓W
�µ

⇥�
sin

2 ✓W � 0.5
�
PL + sin

2 ✓WPR

⇤
<latexit sha1_base64="CnpjprmX99ENbC4jgmDriDz9AKc="></latexit>

�ig�µ
p2Z �M2

Z
<latexit sha1_base64="TveJys0Zx2nH2u0iNuxUBuHkXus="></latexit>

�ig�µ
p2W �M2

W
<latexit sha1_base64="GWOxCL28qOsFWhwwJe9LiYtstss="></latexit>

Le↵ = �⌫̄�µPL⌫ · ē�µ(cLPL + cRPR)e
<latexit sha1_base64="Gr9NZoaDepWPbE6WtGjstjtXT9w="></latexit>

PL =
1� �5

2
PR =

1 + �5
2

<latexit sha1_base64="jIVJtqzhKgEEG4nBepEiUg5r0U8="></latexit>

- projectors on chiral states:
Weinberg (1967), 't Hooft (1971)

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>



�ig�µ
p2Z �M2

Z
<latexit sha1_base64="TveJys0Zx2nH2u0iNuxUBuHkXus="></latexit>

�ig�µ
p2W �M2

W
<latexit sha1_base64="GWOxCL28qOsFWhwwJe9LiYtstss="></latexit>

!7

Neutrino scattering in EFT. Matching

- integrate out W and Z at tree level

- tree-level matching to low-energy EFT: 

PL =
1� �5

2
PR =

1 + �5
2

<latexit sha1_base64="jIVJtqzhKgEEG4nBepEiUg5r0U8="></latexit>

- projectors on chiral states:

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>

cR = 2
p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>

⌫

e e

⌫

<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit>

M2
W = M2

Z cos

2 ✓W
<latexit sha1_base64="moQko4Yk1kmYujkXXcnw9FsLVh0="></latexit>

⌫

e e

⌫

<latexit sha1_base64="hlEoz5iZCA+c2SAOsHsGDEQXdaI="></latexit>

⌫

e ⌫

e

<latexit sha1_base64="7nlTwNFcBzOB/iPeq9AWQ+uWkic="></latexit>

W
<latexit sha1_base64="iwDr9lDME/gocupjs2b0usOSKsA=">AAAB6HicdVDLSsNAFJ3UV42vqks3g6XgKiStNe1CLLpx2YJ9QBvKZDppx04ezEyEEvoFblwo4lY/xr0b8W+ctCpW8MCFwzn3cu69bsSokKb5oWWWlldW17Lr+sbm1vZObnevJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+CL12zeECxoGV3ISEcdHw4B6FCOppEa7n8ubRrFqV60yNA2zfFyx7ZQUqydWCVqGOUP+7FU/jV7e9Xo/99YbhDj2SSAxQ0J0LTOSToK4pJiRqd6LBYkQHqMh6SoaIJ8IJ5ktOoUFpQygF3JVgYQz9fdEgnwhJr6rOn0kR0Iv/DFT9cdciJJexUloEMWSBHie5MUMyhCmZ8MB5QRLNlEEYU7VshCPEEdYqueoJ3xfCv8nraJhlYxiw8zXzsEcWXAADsERsIANauAS1EETYEDALbgHD9q1dqc9ak/z1oz2NbMPFqA9fwKFUJCM</latexit>

Z
<latexit sha1_base64="GpG16vhOVy3ltGaV7TYonW+MyRY=">AAAB6HicdVDLSsNAFJ3UV42vqks3g0VwFZLWmnYhFt24bME+sA1lMp20YycPZiZCCf0CNy4Ucasf496N+DdOWhUreODC4Zx7OfdeN2JUSNP80DILi0vLK9lVfW19Y3Mrt73TFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dJ76rRvCBQ2DSzmOiOOjQUA9ipFUUv2ql8ubRqFiV6wSNA2zdFS27ZQUKsdWEVqGOUX+9FU/iV7e9Vov99bthzj2SSAxQ0J0LDOSToK4pJiRid6NBYkQHqEB6SgaIJ8IJ5kuOoEHSulDL+SqAgmn6u+JBPlCjH1XdfpIDoV+8MdM1R9zLkp6ZSehQRRLEuBZkhczKEOYng37lBMs2VgRhDlVy0I8RBxhqZ6jnvB9KfyfNAuGVTQKdTNfPQMzZMEe2AeHwAI2qIILUAMNgAEBt+AePGjX2p32qD3NWjPa18wumIP2/AmJ3JCP</latexit>

neutral current charged current

igp
2
��PL�⌫⌫e

<latexit sha1_base64="ua8R4pERIRHrG1rsTv5D+SGBWlQ="></latexit>

igp
2
�µPL�⌫⌫e

<latexit sha1_base64="WWYCKu/qVT0KDEmZJj8oW74XeNo="></latexit>

ig

2 cos ✓W
��

PL
<latexit sha1_base64="I0q5uAlUiYgZX+oqH3qkNQEJtWs="></latexit>

ig

cos ✓W
�µ

⇥�
sin

2 ✓W � 0.5
�
PL + sin

2 ✓WPR

⇤
<latexit sha1_base64="CnpjprmX99ENbC4jgmDriDz9AKc="></latexit> e = g sin ✓W

<latexit sha1_base64="Mr/9k8+kFMHlRiyh4+c1g7+TjOM=">AAAB/HicdVDLSgNBEJyNrxhfUY9eBoPgadnNw5iDEPTiUcEYIQlhdtJJBmdnl5leISz6K148KOLVD/Hm3zgbI6hoQUNR1U13VxBLYdDz3p3c3PzC4lJ+ubCyura+UdzcujRRojm0eCQjfRUwA1IoaKFACVexBhYGEtrB9Unmt29AGxGpC5zE0AvZSImh4Ayt1C9uAz2iI9o1QtEujgFZv90vljy33Kg3/Br1XK9WPazXM1JuHPgV6rveFCUyw1m/+NYdRDwJQSGXzJiO78XYS5lGwSXcFrqJgZjxazaCjqWKhWB66fT4W7pnlQEdRtqWQjpVv0+kLDRmEga2M2Q4Nr+9TPzL6yQ4POylQsUJguKfi4aJpBjRLAk6EBo4yokljGthb6V8zDTjaPMq2BC+PqX/k8uy61fc8nm11DyexZEnO2SX7BOf1EmTnJIz0iKcTMg9eSRPzp3z4Dw7L5+tOWc2s01+wHn9AI7ElBk=</latexit>

GF =

p
2g2

8M2
W

<latexit sha1_base64="S/FIAL5U8oTc01ucOMuRhAKp83c="></latexit>

Le↵ = �⌫̄�µPL⌫ · ē�µ(cLPL + cRPR)e
<latexit sha1_base64="Gr9NZoaDepWPbE6WtGjstjtXT9w="></latexit>

Weinberg (1967), 't Hooft (1971)

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>
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Neutrino scattering in EFT. Matching

- muon lifetime measurement improves precision
- matching at order ααs: left- and right-handed couplings

MS
<latexit sha1_base64="mkpRabcheDQVQtMx4RdWfJv5DxM=">AAAB/3icbVBLS8NAGNzUV62vqODFS7AInkpSBT0WvXgRKtoHNKFstpt26T7C7kYoMQf/ihcPinj1b3jz37hpc9DWgYVhZr7dbyeMKVHadb+t0tLyyupaeb2ysbm1vWPv7rWVSCTCLSSokN0QKkwJxy1NNMXdWGLIQoo74fgq9zsPWCoi+L2exDhgcMhJRBDURurbBz6DeiRZ6gsTy29Jb+6yrG9X3Zo7hbNIvIJUQYFm3/7yBwIlDHONKFSq57mxDlIoNUEUZxU/UTiGaAyHuGcohwyrIJ3unznHRhk4kZDmcO1M1d8TKWRKTVhokvm2at7Lxf+8XqKjiyAlPE405mj2UJRQRwsnL8MZEImRphNDIJLE7OqgEZQQaVNZxZTgzX95kbTrNe+0Vr89qzYuizrK4BAcgRPggXPQANegCVoAgUfwDF7Bm/VkvVjv1scsWrKKmX3wB9bnDwgnlsA=</latexit>

- consider only leading in GF terms: loop corrections in α, αs 

MSM (µ) = MEFT (µ)
<latexit sha1_base64="zT2rCy1bjfR7G9e0nY7ba/av3xY="></latexit>

MULAN (2012)

- exploit GF for one combination of electroweak parameters
GF = 1.1663787(6)⇥ 10�5 GeV�2

<latexit sha1_base64="h073e0rV6uIRUpdGQl9UYroM74I="></latexit>

- SM symmetries and universality leave 8 couplings to determine:

3 for leptons and 5 for quarks besides top

µ = MZ
<latexit sha1_base64="ig3COi3j7LLfegcRCFljqDU2iCo=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4Gmam1bYLoejGjVDBPrQdSiZN29AkMyQZoQz9CjcuFHHr57jzb8y0FVT0wIXDOfdy7z1BxKjSjvNhZZaWV1bXsuu5jc2t7Z387l5ThbHEpIFDFsp2gBRhVJCGppqRdiQJ4gEjrWB8kfqteyIVDcWNnkTE52go6IBipI102+UxPINXvbtevuDYXrXiFKvQsZ2TUqVcTolXPXWL0LWdGQpggXov/97thzjmRGjMkFId14m0nyCpKWZkmuvGikQIj9GQdAwViBPlJ7ODp/DIKH04CKUpoeFM/T6RIK7UhAemkyM9Ur+9VPzL68R6UPETKqJYE4HniwYxgzqE6fewTyXBmk0MQVhScyvEIyQR1iajnAnh61P4P2l6tlu0vetSoXa+iCMLDsAhOAYuKIMauAR10AAYcPAAnsCzJa1H68V6nbdmrMXMPvgB6+0TCb2P7A==</latexit>

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>

cR = 2
p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>

- tree-level matching to low-energy EFT: 

GF =

p
2g2

8M2
W

<latexit sha1_base64="S/FIAL5U8oTc01ucOMuRhAKp83c="></latexit>

Le↵ = �⌫̄�µPL⌫ · ē�µ(cLPL + cRPR)e
<latexit sha1_base64="Gr9NZoaDepWPbE6WtGjstjtXT9w="></latexit>

- matching of amplitudes, renormalized in        scheme:

Weinberg (1967), 't Hooft (1971)
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Running to low scales
- integrate out top at Z scale 

- only one EFT coupling

- αs becomes too strong

- hadronic physics down to 140 MeV

- theory with leptons:
one unknown coupling

- integrate out GeV particles

changes with scale

- PDG running for α, αs

MZ
<latexit sha1_base64="Z982f1amNq6H5eUnLkLx+QwIM0k=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJa027K3XjRmjRPrANZTKdtEMnD2YmQgn9BDcuFHHr1r/wC9y58VuctCpW8MCFwzn3cu89TsiokIbxrqWWlldW19LrmY3Nre2d7O5eSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8Vnit28IFzTwr+QkJLaHhj51KUZSSZcX/et+NmfohYpVMUvQ0I3SSdmyElKonJpFaOrGDLnqQeODvtRe6/3sW28Q4MgjvsQMCdE1jVDaMeKSYkammV4kSIjwGA1JV1EfeUTY8ezUKcwrZQDdgKvyJZypvydi5Akx8RzV6SE5Epn8HzNRf8yFVdIt2zH1w0gSH883uRGDMoDJ43BAOcGSTRRBmFN1LMQjxBGWKh4Vwven8H/SKuhmUS80VBo1MEcaHIIjcAxMYIEqOAd10AQYDMEtuAcPGtPutEftad6a0r5m9sECtOdPWH+Rrw==</latexit>

mb
<latexit sha1_base64="agrK2VR1EhHFgJtKJUwzKJ7C/lw=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDd5AvGLpVtatmGRq6UT6r2HZKrOq5WYKmbsxRqB01P+hL/bUxyL/1hyGOfRJIzJAQPdOIpJMgLilmZJbrx4JECE/QiPQUDZBPhJPMT53BolKG0Au5qkDCufp7IkG+EFPfVZ0+kmORK/4xU/XHXFolvYqT0CCKJQnwYpMXMyhDmD4Oh5QTLNlUEYQ5VcdCPEYcYaniUSF8fwr/J21LN0u61VRp1MECWXAMTsApMIENauASNEALYDACt+AePGhMu9MetadFa0b7mjkES9CePwGVX5HX</latexit>

m⌧
<latexit sha1_base64="v4U/eD7i/qLVzUQOx/ARY9cjvOs=">AAAB7XicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjsgX7gDaUyXTSjp08mJkIJfQf3LhQxK0r/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ktOIOD4aBdSjGEkltf1BX6J4kC8YulW1q2YZGrpRPqvYdkqs6rlZgqZuzFGoHTU/6Ev9tTHIv/WHIY59EkjMkBA904ikkyAuKWZkluvHgkQIT9CI9BQNkE+Ek8yvncGiUobQC7mqQMK5+nsiQb4QU99VnT6SY5Er/jFT9cdcWiW9ipPQIIolCfBikxczKEOY/g6HlBMs2VQRhDlVx0I8RhxhqRJSIXx/Cv8nbUs3S7rVVGnUwQJZcAxOwCkwgQ1q4BI0QAtgcA1uwT140ELtTnvUnhatGe1r5hAsQXv+BPQMkzk=</latexit>

mc
<latexit sha1_base64="xguVl6SeAwFNaqUcbQMSi6cKV5E=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDPMgXDN2q2lWzDA3dKJ9VbDslVvXcLEFTN+Yo1I6aH/Sl/toY5N/6wxDHPgkkZkiInmlE0kkQlxQzMsv1Y0EihCdoRHqKBsgnwknmp85gUSlD6IVcVSDhXP09kSBfiKnvqk4fybHIFf+YqfpjLq2SXsVJaBDFkgR4scmLGZQhTB+HQ8oJlmyqCMKcqmMhHiOOsFTxqBC+P4X/k7almyXdaqo06mCBLDgGJ+AUmMAGNXAJGqAFMBiBW3APHjSm3WmP2tOiNaN9zRyCJWjPn5bjkdg=</latexit>

m⇡
<latexit sha1_base64="wrkky59xaKSyqQlBuf9qS2sZUBs=">AAAB7HicdVDLSsNAFJ3UV62vquDGzWApuApJqrbuSt24bMG0hTaUyXTSDp1MwsxEKKHf4MaFIm7d+Rd+gTs3fovTh2IFD1w4nHMv997jx4xKZVkfRmZldW19I7uZ29re2d3L7x80ZZQITFwcsUi0fSQJo5y4iipG2rEgKPQZafmjq6nfuiVC0ojfqHFMvBANOA0oRkpLbtjrxrSXL1imNQO0TKdyXrbPNLGcywu7BO2FVageNT7pa+2t3su/d/sRTkLCFWZIyo5txcpLkVAUMzLJdRNJYoRHaEA6mnIUEumls2MnsKiVPgwioYsrOFN/T6QolHIc+rozRGooc8U/5lT9MZdWqaDipZTHiSIczzcFCYMqgtPXYZ8KghUba4KwoPpYiIdIIKx0QDqE70/h/6TpmHbJdBo6jRqYIwuOwQk4BTYogyq4BnXgAgwouAMP4NHgxr3xZDzPWzPGYuYQLMF4+QLrLpKZ</latexit>

⌫

?

e e

⌫

<latexit sha1_base64="62PY9jMj5nB0TpZKRdxb4+FFpdY="></latexit>

operator mixing

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>
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- integrate out top at Z scale 

- only one EFT coupling
⌫

?

e e

⌫

<latexit sha1_base64="62PY9jMj5nB0TpZKRdxb4+FFpdY="></latexit>

- αs becomes too strong

- hadronic physics down to 140 MeV

- theory with leptons:
one unknown coupling

- integrate out GeV particles

changes with scale

- PDG running for α, αs

operator mixing

MZ
<latexit sha1_base64="Z982f1amNq6H5eUnLkLx+QwIM0k=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJa027K3XjRmjRPrANZTKdtEMnD2YmQgn9BDcuFHHr1r/wC9y58VuctCpW8MCFwzn3cu89TsiokIbxrqWWlldW19LrmY3Nre2d7O5eSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8Vnit28IFzTwr+QkJLaHhj51KUZSSZcX/et+NmfohYpVMUvQ0I3SSdmyElKonJpFaOrGDLnqQeODvtRe6/3sW28Q4MgjvsQMCdE1jVDaMeKSYkammV4kSIjwGA1JV1EfeUTY8ezUKcwrZQDdgKvyJZypvydi5Akx8RzV6SE5Epn8HzNRf8yFVdIt2zH1w0gSH883uRGDMoDJ43BAOcGSTRRBmFN1LMQjxBGWKh4Vwven8H/SKuhmUS80VBo1MEcaHIIjcAxMYIEqOAd10AQYDMEtuAcPGtPutEftad6a0r5m9sECtOdPWH+Rrw==</latexit>

mb
<latexit sha1_base64="agrK2VR1EhHFgJtKJUwzKJ7C/lw=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDd5AvGLpVtatmGRq6UT6r2HZKrOq5WYKmbsxRqB01P+hL/bUxyL/1hyGOfRJIzJAQPdOIpJMgLilmZJbrx4JECE/QiPQUDZBPhJPMT53BolKG0Au5qkDCufp7IkG+EFPfVZ0+kmORK/4xU/XHXFolvYqT0CCKJQnwYpMXMyhDmD4Oh5QTLNlUEYQ5VcdCPEYcYaniUSF8fwr/J21LN0u61VRp1MECWXAMTsApMIENauASNEALYDACt+AePGhMu9MetadFa0b7mjkES9CePwGVX5HX</latexit>

m⌧
<latexit sha1_base64="v4U/eD7i/qLVzUQOx/ARY9cjvOs=">AAAB7XicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjsgX7gDaUyXTSjp08mJkIJfQf3LhQxK0r/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ktOIOD4aBdSjGEkltf1BX6J4kC8YulW1q2YZGrpRPqvYdkqs6rlZgqZuzFGoHTU/6Ev9tTHIv/WHIY59EkjMkBA904ikkyAuKWZkluvHgkQIT9CI9BQNkE+Ek8yvncGiUobQC7mqQMK5+nsiQb4QU99VnT6SY5Er/jFT9cdcWiW9ipPQIIolCfBikxczKEOY/g6HlBMs2VQRhDlVx0I8RhxhqRJSIXx/Cv8nbUs3S7rVVGnUwQJZcAxOwCkwgQ1q4BI0QAtgcA1uwT140ELtTnvUnhatGe1r5hAsQXv+BPQMkzk=</latexit>

mc
<latexit sha1_base64="xguVl6SeAwFNaqUcbQMSi6cKV5E=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDPMgXDN2q2lWzDA3dKJ9VbDslVvXcLEFTN+Yo1I6aH/Sl/toY5N/6wxDHPgkkZkiInmlE0kkQlxQzMsv1Y0EihCdoRHqKBsgnwknmp85gUSlD6IVcVSDhXP09kSBfiKnvqk4fybHIFf+YqfpjLq2SXsVJaBDFkgR4scmLGZQhTB+HQ8oJlmyqCMKcqmMhHiOOsFTxqBC+P4X/k7almyXdaqo06mCBLDgGJ+AUmMAGNXAJGqAFMBiBW3APHjSm3WmP2tOiNaN9zRyCJWjPn5bjkdg=</latexit>

m⇡
<latexit sha1_base64="wrkky59xaKSyqQlBuf9qS2sZUBs=">AAAB7HicdVDLSsNAFJ3UV62vquDGzWApuApJqrbuSt24bMG0hTaUyXTSDp1MwsxEKKHf4MaFIm7d+Rd+gTs3fovTh2IFD1w4nHMv997jx4xKZVkfRmZldW19I7uZ29re2d3L7x80ZZQITFwcsUi0fSQJo5y4iipG2rEgKPQZafmjq6nfuiVC0ojfqHFMvBANOA0oRkpLbtjrxrSXL1imNQO0TKdyXrbPNLGcywu7BO2FVageNT7pa+2t3su/d/sRTkLCFWZIyo5txcpLkVAUMzLJdRNJYoRHaEA6mnIUEumls2MnsKiVPgwioYsrOFN/T6QolHIc+rozRGooc8U/5lT9MZdWqaDipZTHiSIczzcFCYMqgtPXYZ8KghUba4KwoPpYiIdIIKx0QDqE70/h/6TpmHbJdBo6jRqYIwuOwQk4BTYogyq4BnXgAgwouAMP4NHgxr3xZDzPWzPGYuYQLMF4+QLrLpKZ</latexit>

Running to low scales

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

- after diagonalization, only 1 effective coupling changes with scale
- known from electroweak to hadronic scales



!11

- after diagonalization, only 1 effective coupling changes with scale
- known from electroweak to hadronic scales

- integrate out top at Z scale 

- only one EFT coupling
⌫

?

e e

⌫

<latexit sha1_base64="62PY9jMj5nB0TpZKRdxb4+FFpdY="></latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

- αs becomes too strong

- hadronic physics down to 140 MeV

- theory with leptons:
one unknown coupling

- integrate out GeV particles

changes with scale

- PDG running for α, αs

operator mixing

MZ
<latexit sha1_base64="Z982f1amNq6H5eUnLkLx+QwIM0k=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJa027K3XjRmjRPrANZTKdtEMnD2YmQgn9BDcuFHHr1r/wC9y58VuctCpW8MCFwzn3cu89TsiokIbxrqWWlldW19LrmY3Nre2d7O5eSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8Vnit28IFzTwr+QkJLaHhj51KUZSSZcX/et+NmfohYpVMUvQ0I3SSdmyElKonJpFaOrGDLnqQeODvtRe6/3sW28Q4MgjvsQMCdE1jVDaMeKSYkammV4kSIjwGA1JV1EfeUTY8ezUKcwrZQDdgKvyJZypvydi5Akx8RzV6SE5Epn8HzNRf8yFVdIt2zH1w0gSH883uRGDMoDJ43BAOcGSTRRBmFN1LMQjxBGWKh4Vwven8H/SKuhmUS80VBo1MEcaHIIjcAxMYIEqOAd10AQYDMEtuAcPGtPutEftad6a0r5m9sECtOdPWH+Rrw==</latexit>

mb
<latexit sha1_base64="agrK2VR1EhHFgJtKJUwzKJ7C/lw=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDd5AvGLpVtatmGRq6UT6r2HZKrOq5WYKmbsxRqB01P+hL/bUxyL/1hyGOfRJIzJAQPdOIpJMgLilmZJbrx4JECE/QiPQUDZBPhJPMT53BolKG0Au5qkDCufp7IkG+EFPfVZ0+kmORK/4xU/XHXFolvYqT0CCKJQnwYpMXMyhDmD4Oh5QTLNlUEYQ5VcdCPEYcYaniUSF8fwr/J21LN0u61VRp1MECWXAMTsApMIENauASNEALYDACt+AePGhMu9MetadFa0b7mjkES9CePwGVX5HX</latexit>

m⌧
<latexit sha1_base64="v4U/eD7i/qLVzUQOx/ARY9cjvOs=">AAAB7XicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjsgX7gDaUyXTSjp08mJkIJfQf3LhQxK0r/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ktOIOD4aBdSjGEkltf1BX6J4kC8YulW1q2YZGrpRPqvYdkqs6rlZgqZuzFGoHTU/6Ev9tTHIv/WHIY59EkjMkBA904ikkyAuKWZkluvHgkQIT9CI9BQNkE+Ek8yvncGiUobQC7mqQMK5+nsiQb4QU99VnT6SY5Er/jFT9cdcWiW9ipPQIIolCfBikxczKEOY/g6HlBMs2VQRhDlVx0I8RhxhqRJSIXx/Cv8nbUs3S7rVVGnUwQJZcAxOwCkwgQ1q4BI0QAtgcA1uwT140ELtTnvUnhatGe1r5hAsQXv+BPQMkzk=</latexit>

mc
<latexit sha1_base64="xguVl6SeAwFNaqUcbQMSi6cKV5E=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWApuApJak27K3XjskX7gDaUyXTSDp08mJkIJfQT3LhQxK1b/8IvcOfGb3HSqljBAxcO59zLvfe4EaNCGsa7lllZXVvfyG7mtrZ3dvfy+wdtEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nEnF6nfuSFc0DC4ltOIOD4aBdSjGEklXfkDPMgXDN2q2lWzDA3dKJ9VbDslVvXcLEFTN+Yo1I6aH/Sl/toY5N/6wxDHPgkkZkiInmlE0kkQlxQzMsv1Y0EihCdoRHqKBsgnwknmp85gUSlD6IVcVSDhXP09kSBfiKnvqk4fybHIFf+YqfpjLq2SXsVJaBDFkgR4scmLGZQhTB+HQ8oJlmyqCMKcqmMhHiOOsFTxqBC+P4X/k7almyXdaqo06mCBLDgGJ+AUmMAGNXAJGqAFMBiBW3APHjSm3WmP2tOiNaN9zRyCJWjPn5bjkdg=</latexit>

m⇡
<latexit sha1_base64="wrkky59xaKSyqQlBuf9qS2sZUBs=">AAAB7HicdVDLSsNAFJ3UV62vquDGzWApuApJqrbuSt24bMG0hTaUyXTSDp1MwsxEKKHf4MaFIm7d+Rd+gTs3fovTh2IFD1w4nHMv997jx4xKZVkfRmZldW19I7uZ29re2d3L7x80ZZQITFwcsUi0fSQJo5y4iipG2rEgKPQZafmjq6nfuiVC0ojfqHFMvBANOA0oRkpLbtjrxrSXL1imNQO0TKdyXrbPNLGcywu7BO2FVageNT7pa+2t3su/d/sRTkLCFWZIyo5txcpLkVAUMzLJdRNJYoRHaEA6mnIUEumls2MnsKiVPgwioYsrOFN/T6QolHIc+rozRGooc8U/5lT9MZdWqaDipZTHiSIczzcFCYMqgtPXYZ8KghUba4KwoPpYiIdIIKx0QDqE70/h/6TpmHbJdBo6jRqYIwuOwQk4BTYogyq4BnXgAgwouAMP4NHgxr3xZDzPWzPGYuYQLMF4+QLrLpKZ</latexit>

Running to low scales

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

Qf
<latexit sha1_base64="iPePgoaDxhFJKKE4mHOQWbymQHo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZ6aPTDfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbusVBtX5dptHkcBTuEMLsCDa6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAh6I2y</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

e, f
<latexit sha1_base64="iWaQfvkxvh9Rfqbav1n4je9lSjQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8pmO2mX7iZhdyOU0r/gxYMiXv1D3vw3btoctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2M7zK//YRK8zh6NJMEfUmHEQ85oyaT8IKE/XLFrbpzkFXi5aQCORr98ldvELNUYmSYoFp3PTcx/pQqw5nAWamXakwoG9Mhdi2NqETtT+e3zsiZVQYkjJWtyJC5+ntiSqXWExnYTknNSC97mfif101NeONPeZSkBiO2WBSmgpiYZI+TAVfIjJhYQpni9lbCRlRRZmw8JRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm+OdF6cd+dj0Vpw8plj+APn8wdI+o29</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

c⌫ee
L : 2.387 ! 2.397

c
⌫µe
L : �0.912 ! �0.902

cR : 0.758 ! 0.768
<latexit sha1_base64="ui46y8rTeDx5BzE1XM+Gw2w4oWg="></latexit>
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Virtual QED corrections. Vertex

- given in terms of QED form factors at one loop

⌫

e e

⌫

<latexit sha1_base64="oNfCjRrq8zoJemqLbd02P0qnjCg="></latexit>

- factorizable in limit of small electron mass:

- infrared divergence cancels with radiation of real soft photon

- up to suppressed by neutrino mass terms:

f2 = 0
<latexit sha1_base64="pN81ytukdAcieUPy0ivP2sOLO8c=">AAACG3icZVC7SgNBFJ31bXxFLRUZFMEq2Y2FNoJoYxnBGEFDuDu5q8POY5mZFUJI6QfYKv5HejuxtfAb/AidJCJGDwwczrmXe+bEmeDWheF7MDY+MTk1PTNbmJtfWFwqLq+cW50bhjWmhTYXMVgUXGHNcSfwIjMIMhZYj9Pjvl+/RWO5VmeunWFDwrXiCWfgvFRPmhV6QMNmcSsshQPQ/yT6JluH673Tj7uNXrVZ/LxqaZZLVI4JsPYyCjPX6IBxnAnsFq5yixmwFK7x0lMFEm2jM4jbpdteadFEG/+UowP190YHpLVtGftJCe7GFrb/mH31xxw55ZL9RoerLHeo2PBSkgvqNO1/nra4QeZE2xNghvuwlN2AAeZ8RSMRyjXrpbIWmFpQLeO0BAFpOcG2kqC6vrHobz//yXmlFO2WKqe+uiMyxAxZI5tkh0RkjxySE1IlNcJISu7JA3kMnoLn4CV4HY6OBd87q2QEwdsXwBSk6A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

!
<latexit sha1_base64="mY78qiwNE1T7O8QPSAdCIylXWdc=">AAAB7XicdVDLSgNBEJz1GeMr6tHLYBA8LbubaJJb0IvHCOYByRJmJ7PJmHksM7NCCPkHLx4U8er/ePNvnE0iqGhBQ1HVTXdXlDCqjed9OCura+sbm7mt/PbO7t5+4eCwpWWqMGliyaTqREgTRgVpGmoY6SSKIB4x0o7GV5nfvidKUyluzSQhIUdDQWOKkbFSqyc5GaJ+oei5Qa3qlWrQc73zcrVSyUhQu/BL0He9OYpgiUa/8N4bSJxyIgxmSOuu7yUmnCJlKGZklu+lmiQIj9GQdC0ViBMdTufXzuCpVQYwlsqWMHCufp+YIq71hEe2kyMz0r+9TPzL66YmroZTKpLUEIEXi+KUQSNh9jocUEWwYRNLEFbU3grxCCmEjQ0ob0P4+hT+T1qB65fc4KZcrF8u48iBY3ACzoAPKqAOrkEDNAEGd+ABPIFnRzqPzovzumhdcZYzR+AHnLdPCeiPcg==</latexit>

q = k � k0
<latexit sha1_base64="Rmyp5DNqzYjYiy0FzdxvVYnfOSw=">AAAB8XicdVDLSsNAFJ34rPVVdelmsIhuDElabbsQim5cVrAPbEOZTCftkMkkzkyEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee7yYUaks68NYWFxaXlnNreXXNza3tgs7uy0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe8Fl5rfviZA04jdqHBM3RENOfYqR0tLtHTyHATyBwVG/ULRMp1a1SjVomdZpuVqpZMSpndklaJvWFEUwR6NfeO8NIpyEhCvMkJRd24qVmyKhKGZkku8lksQIB2hIuppyFBLpptOLJ/BQKwPoR0IXV3Cqfp9IUSjlOPR0Z4jUSP72MvEvr5sov+qmlMeJIhzPFvkJgyqC2ftwQAXBio01QVhQfSvEIyQQVjqkvA7h61P4P2k5pl0ynetysX4xjyMH9sEBOAY2qIA6uAIN0AQYcPAAnsCzIY1H48V4nbUuGPOZPfADxtsnjyWPjQ==</latexit>

Q2 = �q2
<latexit sha1_base64="zfIZ3QK7pbyNxoUAnKAogJXgBV4=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwY0jSatuFUHTjsgX7gDQtk+mkHTrJxJmJUEo/w40LRdz6Ne78GydtBRU9cOFwzr3ce48fMyqVZX0YmZXVtfWN7GZua3tndy+/f9CSPBGYNDFnXHR8JAmjEWkqqhjpxIKg0Gek7Y+vU799T4SkPLpVk5h4IRpGNKAYKS25jZ4DL+EZvOs5/XzBMp1qxSpWoWVa56VKuZwSp3phF6FtWnMUwBL1fv69O+A4CUmkMENSurYVK2+KhKKYkVmum0gSIzxGQ+JqGqGQSG86P3kGT7QygAEXuiIF5+r3iSkKpZyEvu4MkRrJ314q/uW5iQoq3pRGcaJIhBeLgoRBxWH6PxxQQbBiE00QFlTfCvEICYSVTimnQ/j6FP5PWo5pF02nUSrUrpZxZMEROAanwAZlUAM3oA6aAAMOHsATeDaU8Wi8GK+L1oyxnDkEP2C8fQI1l4/r</latexit>

neutrino energy momentum transfer

k
<latexit sha1_base64="cmyaryMraYXyn/+TA2PdYGXmgRY=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLTattd0Y3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68zv3tPpWKRuNWzmHohHgsWMIK1kVrTYbGEbLdeQ+U6RDa6qNSq1Yy49UunDB0bLVACKzSHxffBKCJJSIUmHCvVd1CsvRRLzQin88IgUTTGZIrHtG+owCFVXro4dA7PjDKCQSRNCQ0X6veJFIdKzULfdIZYT9RvLxP/8vqJDmpeykScaCrIclGQcKgjmH0NR0xSovnMEEwkM7dCMsESE22yKZgQvj6F/5OOaztl221VSo2rVRx5cAJOwTlwQBU0wA1ogjYggIIH8ASerTvr0XqxXpetOWs1cwx+wHr7BEw8jUY=</latexit> k0

<latexit sha1_base64="UNd/V2aiCUTntqFcKGA78/fVO0g=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK6GjJtte2u6MZlFfuAdiiZNNOGyWSGJCOUoX/gxoUibv0jd/6NmbaCih64cDjnXu69x4s5UxqhDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFI9jysKGeCtjXTnPZiSXHocdr1gqvM795TqVgk7vQ0pm6Ix4L5jGBtpNvgdFgsIbvcqKNKAyIbnVfrtVpGyo0LpwIdG81RAku0hsX3wSgiSUiFJhwr1XdQrN0US80Ip7PCIFE0xiTAY9o3VOCQKjedXzqDJ0YZQT+SpoSGc/X7RIpDpaahZzpDrCfqt5eJf3n9RPt1N2UiTjQVZLHITzjUEczehiMmKdF8aggmkplbIZlgiYk24RRMCF+fwv9Jp2w7Fbt8Uy01L5dx5MEROAZnwAE10ATXoAXagAAfPIAn8GwF1qP1Yr0uWnPWcuYQ/ID19gmsp413</latexit>

ē�µ�5e !
↵

⇡

⇥
f1

�
Q2

�
� f2

�
Q2

�⇤
ē�µ�5e

<latexit sha1_base64="/STCrurfYaxQpCoDkfxvFBQjnRU="></latexit>

ē�µe ! ↵

⇡
ē


f1

�
Q2

�
�µ + f2

�
Q2

� i�µ⌫q⌫
2m

�
e

<latexit sha1_base64="B6I6QG2VvLKSexPh4CH8zWtZZV4="></latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit> e

<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>



!13

Virtual QED corrections. Fermion loop

- sum over all particles with corresponding couplings
- given in terms of photon vacuum polarization

⌫

?

e e

⌫

<latexit sha1_base64="62PY9jMj5nB0TpZKRdxb4+FFpdY="></latexit>

- charged fermions contribute to elastic scattering at one loop: 

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

f
<latexit sha1_base64="W0Cd3NqFKV/2uVsCn5yScPns9ik=">AAACFXicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgHhCD3J3c1SHzWGZmhRBSWtkq/koaO7G19hv8CJ08EGMODBzOuZd75kQJZ8YGwac3N7+wuLScWcmurq1vbOa2tmtGpZpilSqudCMCg5xJrFpmOTYSjSAijvWoczH06/eoDVPyynYTbAm4lSxmFKyTKvFN7jDIByP4sySckMPS3qDy9bA/KN/kvq/biqYCpaUcjGmGQWJbPdCWUY797HVqMAHagVtsOipBoGn1RkH7/pFT2n6stHvS+iP170YPhDFdEblJAfbOZI/+mUP115w6ZeOzVo/JJLUo6fhSnHLfKn/4bb/NNFLLu44A1cyF9ekdaKDWlTMVoVA1Tioojh0Dsq2tEsChU4ixKwXIvmss/N/PLKkV8+FJvlhx1Z2TMTJklxyQYxKSU1Iil6RMqoQSJI/kiTx7L96r9+a9j0fnvMnODpmC9/EDwYSjbg==</latexit>

cf = � ↵

2⇡
Qf

⇣
cfL + cfR

⌘
⇧
�
Q2,mf

�
<latexit sha1_base64="LzqPq+cany77uJU7vtSv+cYIKNo="></latexit>

- adds vector contribution:

Qf
<latexit sha1_base64="b3nFdM3I7FVdDZZDSEGmnoIMHXY=">AAACF3icZVC7SgNBFJ31GeMrammz+ACrZDcWWoo2lgm6UYgh3J3cjUPmsczMCiHkE2wVf8TWQhBbSz9EW50kIsYcGDiccy/3zIlTzowNgndvanpmdm4+t5BfXFpeWS2srdeMyjTFiCqu9GUMBjmTGFlmOV6mGkHEHC/izsnAv7hBbZiS57abYkNAW7KEUbBOOqs2k2ZhOygGQ/iTJPwh20c7H4/PN4uflWbh66qlaCZQWsrBmHoYpLbRA20Z5djPX2UGU6AdaGPdUQkCTaM3jNr3d53S8hOl3ZPWH6p/N3ogjOmK2E0KsNcmv/vPHKi/5tgpmxw2ekymmUVJR5eSjPtW+YOP+y2mkVredQSoZi6sT69BA7WunrEIpcg4qaQ4dgzIlrZKAIdOKcGuFCD7rrHwfz+TpFYuhvvFctVVd0xGyJFNskX2SEgOyBE5JRUSEUra5JbckXvvwXvyXrzX0eiU97OzQcbgvX0DJw6k0A==</latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

- fermion-dependent correction:

Lf
e↵ = �⌫̄�µPL⌫ · f̄�µ(cfLPL + cfRPR)f

<latexit sha1_base64="C+peCmdSzTxTCnFrc0eX/rDwOBQ="></latexit>

cf ⌫̄�µPL⌫ · ē�µe
<latexit sha1_base64="4kSiXITi8HIHanw7aSQtIfuLfcY="></latexit>

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

?
<latexit sha1_base64="mw1bJo/9DNp8DutHGImvRCvU1iE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQW8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5EjjMc=</latexit>

Qf
<latexit sha1_base64="iPePgoaDxhFJKKE4mHOQWbymQHo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZ6aPTDfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbusVBtX5dptHkcBTuEMLsCDa6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAh6I2y</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>
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Main theoretical uncertainty
- momentum transfer is suppressed by electron mass: 

- description in terms of quarks is questionable: 

DUNE, CDR (2015)

⌫

?

e e

⌫

<latexit sha1_base64="62PY9jMj5nB0TpZKRdxb4+FFpdY="></latexit>

flu
x

- hadronic correction is unknown: estimate in model with quarks

≲ 3 % correction

�
<latexit sha1_base64="xCrXyBYaW3OLP43sakS6BcVoAgY=">AAACGnicZVC7SgNBFJ31GeMraqnIoghWyW4stAzaWCZgomBCuDu5G8fMY5mZFUJIaW+r+CGp7cTWxm/wI3SSiBhzYOBwzr3cMydKODM2CD68mdm5+YXFzFJ2eWV1bT23sVkzKtUUq1Rxpa8iMMiZxKplluNVohFExPEy6pwN/cs71IYpeWG7CTYEtCWLGQXrpFq9DUJAM7cf5IMR/GkS/pD90s6g8nm/Oyg3c1/1lqKpQGkpB2OuwyCxjR5oyyjHfraeGkyAdqCN145KEGgavVHavn/glJYfK+2etP5I/bvRA2FMV0RuUoC9MdmDf+ZQ/TUnTtn4pNFjMkktSjq+FKfct8of/t1vMY3U8q4jQDVzYX16AxqodQ1NRChUjZMKimPHgGxpqwRw6BRi7EoBsu8aC//3M01qxXx4lC9WXHWnZIwM2SZ75JCE5JiUyDkpkyqh5JY8kEfy5D17L96r9zYenfF+drbIBLz3b9ckpZk=</latexit>

Q2 < 2m! . 0.007 GeV2
<latexit sha1_base64="ahwzLpc2aLhHtxoLuq7GcWGVNtU="></latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

?
<latexit sha1_base64="mw1bJo/9DNp8DutHGImvRCvU1iE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQW8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5EjjMc=</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>
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Uncertainty-free measurements
- virtual-loop scale is well below muon mass: 

- only electrons in theory

- one independent low-energy coupling cR

Q2 < 2m! . 0.007 GeV2
<latexit sha1_base64="ahwzLpc2aLhHtxoLuq7GcWGVNtU="></latexit>

effective field theory description:
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Uncertainty-free measurements
- virtual-loop scale is well below muon mass: 

- only electrons in theory

- one independent low-energy coupling cR

fix unknown coupling cR  

from various distributions 

measure spin asymmetry 

complementary 
 measurement

 statistical 
 significance

- only one coupling has to be fixed

Q2 < 2m! . 0.007 GeV2
<latexit sha1_base64="ahwzLpc2aLhHtxoLuq7GcWGVNtU="></latexit>

effective field theory description:

what can we do?

on polarised electron target
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Low-energy frontier

- application to solar neutrinos and reactor antineutrinos
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Bremsstrahlung
⌫

e e

⌫

�

<latexit sha1_base64="Vyvx3X5jZYZEWvFnX/w4toSEXes="></latexit>

⌫

e e

⌫

�
<latexit sha1_base64="dJ9TbxvWZzUMjNlXRKSHuWWpzD0="></latexit>

- soft Bremsstrahlung: E� < "
<latexit sha1_base64="cMkFYIcuF60jAI+33Ol70HflPtg=">AAAB/3icdVBNS0JBFJ1nX2ZfVtCmzZAErR7vqaVCCymClgb5ASpy3zjq4Mx7j5l5gpiL/kqbFkW07W+06980Tw0q6sCFwzn3cu89XsiZ0o7zYSWWlldW15LrqY3Nre2d9O5eTQWRJLRKAh7IhgeKcubTqmaa00YoKQiP07o3vIz9+ohKxQL/Vo9D2hbQ91mPEdBG6qQPrjqtPggB+By3RiBpqBiPjYxjZ0tFJ1fCju2c5ouFQkyypTM3h13bmSGDFqh00u+tbkAiQX1NOCjVdJ1QtycgNSOcTlOtSNEQyBD6tGmoD4Kq9mR2/xQfG6WLe4E05Ws8U79PTEAoNRae6RSgB+q3F4t/ec1I94rtCfPDSFOfzBf1Io51gOMwcJdJSjQfGwJEMnMrJgOQQLSJLGVC+PoU/09qWdvN2dmbfKZ8sYgjiQ7RETpBLiqgMrpGFVRFBN2hB/SEnq1769F6sV7nrQlrMbOPfsB6+wTJ+JX8</latexit>

d�⌫e!⌫e�
LO = �sd�

⌫e!⌫e
LO

<latexit sha1_base64="J76R9WMuv7NIChHWeohyj2V94m4="></latexit>

2

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>
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Bremsstrahlung

- exactly calculable radiation

Ram (1967)

Aoiki, Hioki, Kawabe, Konuma and Muta (1980)

⌫

e e

⌫

�

<latexit sha1_base64="Vyvx3X5jZYZEWvFnX/w4toSEXes="></latexit>

⌫

e e

⌫

�
<latexit sha1_base64="dJ9TbxvWZzUMjNlXRKSHuWWpzD0="></latexit>

- soft Bremsstrahlung: E� < "
<latexit sha1_base64="cMkFYIcuF60jAI+33Ol70HflPtg=">AAAB/3icdVBNS0JBFJ1nX2ZfVtCmzZAErR7vqaVCCymClgb5ASpy3zjq4Mx7j5l5gpiL/kqbFkW07W+06980Tw0q6sCFwzn3cu89XsiZ0o7zYSWWlldW15LrqY3Nre2d9O5eTQWRJLRKAh7IhgeKcubTqmaa00YoKQiP07o3vIz9+ohKxQL/Vo9D2hbQ91mPEdBG6qQPrjqtPggB+By3RiBpqBiPjYxjZ0tFJ1fCju2c5ouFQkyypTM3h13bmSGDFqh00u+tbkAiQX1NOCjVdJ1QtycgNSOcTlOtSNEQyBD6tGmoD4Kq9mR2/xQfG6WLe4E05Ws8U79PTEAoNRae6RSgB+q3F4t/ec1I94rtCfPDSFOfzBf1Io51gOMwcJdJSjQfGwJEMnMrJgOQQLSJLGVC+PoU/09qWdvN2dmbfKZ8sYgjiQ7RETpBLiqgMrpGFVRFBN2hB/SEnq1769F6sV7nrQlrMbOPfsB6+wTJ+JX8</latexit>

- integration technique

- EW correction

- electron energy spectrum and numerically total Aoiki and Hioki (1981)

- electron energy spectrum and EW, small m Sarantakos, Sirlin and Marciano (1982)

- electromagnetic energy spectrum and total Bardin and Dokuchaeva (1983-1985)

- numerically electron and electromagnetic spectra Passera (2000)

d�⌫e!⌫e�
LO = �sd�

⌫e!⌫e
LO

<latexit sha1_base64="J76R9WMuv7NIChHWeohyj2V94m4="></latexit>

2

- soft-photon correction Lee and Sirlin (1964)

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>
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- dramatic difference in radiative corrections

MS
<latexit sha1_base64="mkpRabcheDQVQtMx4RdWfJv5DxM=">AAAB/3icbVBLS8NAGNzUV62vqODFS7AInkpSBT0WvXgRKtoHNKFstpt26T7C7kYoMQf/ihcPinj1b3jz37hpc9DWgYVhZr7dbyeMKVHadb+t0tLyyupaeb2ysbm1vWPv7rWVSCTCLSSokN0QKkwJxy1NNMXdWGLIQoo74fgq9zsPWCoi+L2exDhgcMhJRBDURurbBz6DeiRZ6gsTy29Jb+6yrG9X3Zo7hbNIvIJUQYFm3/7yBwIlDHONKFSq57mxDlIoNUEUZxU/UTiGaAyHuGcohwyrIJ3unznHRhk4kZDmcO1M1d8TKWRKTVhokvm2at7Lxf+8XqKjiyAlPE405mj2UJRQRwsnL8MZEImRphNDIJLE7OqgEZQQaVNZxZTgzX95kbTrNe+0Vr89qzYuizrK4BAcgRPggXPQANegCVoAgUfwDF7Bm/VkvVjv1scsWrKKmX3wB9bnDwgnlsA=</latexit>

� =
d�⌫e!⌫e�

LO + d�⌫e!⌫e
NLO � d�⌫e!⌫e

LO

d�⌫e!⌫e
LO

<latexit sha1_base64="EiH/9QMckiIRde7D5OQ+HljY96k="></latexit>

Electron vs electromagnetic (EM) spectra
- relative correction depends on        scale μ: mc ≤ μ ≤ mb

e, ω = 1 GeV
e, ω = 10 GeV

EM, ω = 1 GeV
EM, ω = 10 GeV
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- dramatic difference in radiative corrections: cut dependence

Electron vs electromagnetic (EM) spectra
- resulting spectrum: 

e, ω = 1 GeV
e, ω = 10 GeV

EM, ω = 1 GeV
EM, ω = 10 GeV

νμe νμe
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 d
σ/

 d
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 c
m

2  G
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2.5

103 X, GeV
0 0.2 0.4 0.6 0.8 1.0

X = 2m

✓
1� Ē

!

◆
⇡

Ē=Ee

Ee✓
2
e

<latexit sha1_base64="T+KEXKXyESeiCDd9CH+8AKKM+XM="></latexit>
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- analytical form for finite and small electron mass

Bremsstrahlung cross sections

Ee, ✓e
<latexit sha1_base64="FtggJ2NL9+Y2eiM9V59ZZHTqU+M=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8SNiNgh6DIniMYB6QLMvspDcZMvtwpjcQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rZXVtfWNzcJWcXtnd2+/dHDY1HGqODR4LGPV9pkGKSJooEAJ7UQBC30JLX94O/VbI1BaxNEjjhNwQ9aPRCA4QyO5dx6c0y4OAJkHXqlsV+wZ6DJxclImOepe6avbi3kaQoRcMq07jp2gmzGFgkuYFLuphoTxIetDx9CIhaDdbHb0hJ4apUeDWJmKkM7U3xMZC7Ueh77pDBkO9KI3Ff/zOikG124moiRFiPh8UZBKijGdJkB7QgFHOTaEcSXMrZQPmGIcTU5FE4Kz+PIyaVYrzkWl+nBZrt3kcRTIMTkhZ8QhV6RG7kmdNAgnT+SZvJI3a2S9WO/Wx7x1xcpnjsgfWJ8/6SORiw==</latexit>

EEM, ✓e
<latexit sha1_base64="vsLXTK1orHQhxi6nprHX07d6fxk=">AAACAHicbVDJSgNBEO1xjXGLevDgpTEIHiTMREGPQQl4ESKYBTLD0NOpJE16FrprhDDk4q948aCIVz/Dm39jZzlo4oOCx3tVVNULEik02va3tbS8srq2ntvIb25t7+wW9vYbOk4VhzqPZaxaAdMgRQR1FCihlShgYSChGQxuxn7zEZQWcfSAwwS8kPUi0RWcoZH8wmHVd0OGfRVm1bvRGXWxD8h88AtFu2RPQBeJMyNFMkPNL3y5nZinIUTIJdO67dgJehlTKLiEUd5NNSSMD1gP2oZGLATtZZMHRvTEKB3ajZWpCOlE/T2RsVDrYRiYzvGxet4bi/957RS7V14moiRFiPh0UTeVFGM6ToN2hAKOcmgI40qYWynvM8U4mszyJgRn/uVF0iiXnPNS+f6iWLmexZEjR+SYnBKHXJIKuSU1UiecjMgzeSVv1pP1Yr1bH9PWJWs2c0D+wPr8ATjElio=</latexit>

Ee, E�
<latexit sha1_base64="RgM5lCxwvYAHv9oopTNStsxt5Vk=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgQcpuFfRYlILHCvYD2mWZTbNtaJJdk2yhlP4OLx4U8eqP8ea/MW33oK0PBh7vzTAzL0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VYQ2SMxj1Q5BU84kbRhmOG0nioIIOW2Fw7uZ3xpRpVksH804ob6AvmQRI2Cs5NcCeoFrQbcPQkBQLLlldw68SryMlFCGelD86vZikgoqDeGgdcdzE+NPQBlGOJ0WuqmmCZAh9GnHUgmCan8yP3qKz6zSw1GsbEmD5+rviQkIrccitJ0CzEAvezPxP6+TmujGnzCZpIZKslgUpRybGM8SwD2mKDF8bAkQxeytmAxAATE2p4INwVt+eZU0K2Xvslx5uCpVb7M48ugEnaJz5KFrVEX3qI4aiKAn9Ixe0Zszcl6cd+dj0Zpzsplj9AfO5w+acZFY</latexit>

E� , ✓�
<latexit sha1_base64="OOBvFbuX962F6uHlPVHbE6THviY=">AAACAHicbVA9SwNBEN3zM8avqIWFzWIQLCTcRUHLoAiWEcwH5I4wt9kkS3bvjt05IYQ0/hUbC0Vs/Rl2/hs3yRWa+GDg7Xsz7MwLEykMuu63s7S8srq2ntvIb25t7+wW9vbrJk414zUWy1g3QzBciojXUKDkzURzUKHkjXBwM/Ebj1wbEUcPOEx4oKAXia5ggFZqFw5v234PlIIz6mOfI2TPdqHoltwp6CLxMlIkGartwpffiVmqeIRMgjEtz00wGIFGwSQf5/3U8ATYAHq8ZWkEiptgND1gTE+s0qHdWNuKkE7V3xMjUMYMVWg7FWDfzHsT8T+vlWL3KhiJKEmRR2z2UTeVFGM6SYN2hOYM5dASYFrYXSnrgwaGNrO8DcGbP3mR1Msl77xUvr8oVq6zOHLkiByTU+KRS1Ihd6RKaoSRMXkmr+TNeXJenHfnY9a65GQzB+QPnM8fE5WWFA==</latexit>

E�
<latexit sha1_base64="kzJinyETJ1X0xmXaGvJuV4RjulE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWMF+wFtKJPtpl26m8TdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVlDVoLGLVDlAzwSPWMNwI1k4UQxkI1gpGN1O/9cSU5nH0YMYJ8yUOIh5yisZK7dted4BSYq9UdivuDGSZeDkpQ456r/TV7cc0lSwyVKDWHc9NjJ+hMpwKNil2U80SpCMcsI6lEUqm/Wx274ScWqVPwljZigyZqb8nMpRaj2VgOyWaoV70puJ/Xic14ZWf8ShJDYvofFGYCmJiMn2e9Lli1IixJUgVt7cSOkSF1NiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICCgGd4hTfn0Xlx3p2PeeuKk88cwR84nz/O04/R</latexit>

Ee
<latexit sha1_base64="ymTyJKhG5hxuDLBJtdibv8GfZAw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1hr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAOHI2l</latexit>

EEM
<latexit sha1_base64="1gGHqDTS3DPLUvaB3fB7NigdmD0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFKbgRKtgHtEPJpGkbmmTGJFMoQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE0ScaeO6305ubX1jcyu/XdjZ3ds/KB4eNXUYK0IbJOShagdYU84kbRhmOG1HimIRcNoKxrep35pQpVkoH800or7AQ8kGjGBjJb/W6wpsRkoktftZr1hyy+4caJV4GSlBhnqv+NXthyQWVBrCsdYdz42Mn2BlGOF0VujGmkaYjPGQdiyVWFDtJ/PQM3RmlT4ahMo+adBc/b2RYKH1VAR2Mo2ol71U/M/rxGZw7SdMRrGhkiwODWKOTIjSBlCfKUoMn1qCiWI2KyIjrDAxtqeCLcFb/vIqaVbK3kW58nBZqt5kdeThBE7hHDy4gircQR0aQOAJnuEV3pyJ8+K8Ox+L0ZyT7RzDHzifP7vGkhM=</latexit>

total cross section

EEM, ✓⌫
<latexit sha1_base64="3LAOJXngl6Yh7EMyr6psbnM5KYM=">AAACAnicbVBNS8NAEN3Ur1q/qp7Ey2IRPEhJqqDHohS8CBXsBzQhbLbbdulmE3YnQgnFi3/FiwdFvPorvPlv3LY5aOuDgcd7M8zMC2LBNdj2t5VbWl5ZXcuvFzY2t7Z3irt7TR0lirIGjUSk2gHRTHDJGsBBsHasGAkDwVrB8Hritx6Y0jyS9zCKmReSvuQ9TgkYyS8e1Hw3JDBQYVq7HZ9iFwYMiO/KxC+W7LI9BV4kTkZKKEPdL3653YgmIZNABdG649gxeClRwKlg44KbaBYTOiR91jFUkpBpL52+MMbHRuniXqRMScBT9fdESkKtR2FgOifn6nlvIv7ndRLoXXopl3ECTNLZol4iMER4kgfucsUoiJEhhCpubsV0QBShYFIrmBCc+ZcXSbNSds7KlbvzUvUqiyOPDtEROkEOukBVdIPqqIEoekTP6BW9WU/Wi/Vufcxac1Y2s4/+wPr8Ad8hlxg=</latexit>

- distributions under consideration: 

Ee, E� , ✓e
<latexit sha1_base64="70e0bNfJler8dXsvT9yWU+sVfJk=">AAACAHicbVA9SwNBEN2L3/Hr1MLCZjEIFhLuoqClKAHLCEaFJBxzm0myZPfu2J0TQkjjX7GxUMTWn2Hnv3ETU/j1YODx3gwz8+JMSUtB8OEVZmbn5hcWl4rLK6tr6/7G5rVNcyOwLlKVmtsYLCqZYJ0kKbzNDIKOFd7E/fOxf3OHxso0uaJBhi0N3UR2pAByUuRvVyM84NWo2QWt4YA3qYcEEUZ+KSgHE/C/JJySEpuiFvnvzXYqco0JCQXWNsIgo9YQDEmhcFRs5hYzEH3oYsPRBDTa1nDywIjvOaXNO6lxlRCfqN8nhqCtHejYdWqgnv3tjcX/vEZOnZPWUCZZTpiIr0WdXHFK+TgN3pYGBamBIyCMdLdy0QMDglxmRRdC+Pvlv+S6Ug4Py5XLo9Lp2TSORbbDdtk+C9kxO2UXrMbqTLARe2BP7Nm79x69F+/1q7XgTWe22A94b58QIZVv</latexit>

O. T. and Richard Hill (2019)

e ⌫�
<latexit sha1_base64="MKkgRKiOFG1qxH24TtEu/xYb4mY="></latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit> �

<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>
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Conclusions

best tool to constrain
neutrino flux

- EFT of neutrino-electron and neutrino-quark scattering (μ ≳ mc): 

     left- and right-handed couplings at subpermille level

- energy spectra and bremsstrahlung cross sections: 

     new and known results in analytical form

- main source of uncertainty and how to avoid it: 

     loops with hadrons at low energy and momentum transfer

- all results will be available to experimental collaborations soon 

⌫

e e

⌫

<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit> e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>

e
<latexit sha1_base64="Pna6fdTWgvUMdKOvBzHgjCOOl/o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyruM7Q==</latexit>

⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>



Thanks for your attention !!!
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Flux determination in DUNE

according to H. Duyang et al., arXiv: 1902.09480v2 (2019)

relative normalization

⌫̄µ mode

<latexit sha1_base64="++/8RZpy1ggX4af3ZNgfdepIass="></latexit>

⌫µ mode

<latexit sha1_base64="xRgzvwdiE6tNWl0XZ2Opuz6yNAU="></latexit>

⌫µe
� ! ⌫µe

�
<latexit sha1_base64="rEGye8gOatOP5eq+SKM0h6KV4MU="></latexit>

⌫̄µp ! µ+n
<latexit sha1_base64="Tan4MJlZPaCF/6QMxhvnxveUBzo="></latexit>

⌫̄µp ! µ+p⇡�
<latexit sha1_base64="jkvukzuooPQeeCILqYwQ10zsEdU="></latexit>

⌫µp ! µ�p⇡+
<latexit sha1_base64="iv127kfbxxrSHK8XgBXjg9bP0x0="></latexit>

- neutrino-electron scattering plays a role of additional constraint 

- determination of neutrino fluxes:

- νe is required for absolute normalization of νμ component

one of the main goals of Near Detector



!26

- 1-3 % difference at low recoil energy

Experimental energy spectrum

DUNE
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e, νμ
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e, νe

e
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- average over beam flux and sum over flavors: 


