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Neutrino experiments
- DUNE and Hyper-K: leading-edge 𝜈 science experiments

- measurement of 𝜈μ disappearance and 𝜈e appearance from count rates

- near detector: determine flux and cross sections
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<latexit sha1_base64="KGe+dOMzFAIRpTqFLUxeXIxn1hQ="></latexit>
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- need: EFT-based calculation with accuracy below %

- standard candle to constrain flux:

MINERvA (2016, 2019), NOvA analysis is ongoing

- small cross section scales as target mass m:

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

normalization uncertainty: from 7.5% to 4%

- scattering on atomic electrons free from structure effects

- huge statistics of DUNE near detector vs MINERvA

5000 events in a year vs 1180 events in total 

Neutrino-electron scattering

normalization uncertainty: from 8% to 2%
Ch. Marshall et al. (2019)
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Neutrino scattering in EFT. Matching

- modern event generators are based on tree level

- tree-level matching to low-energy EFT: 
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<latexit sha1_base64="jIVJtqzhKgEEG4nBepEiUg5r0U8="></latexit>

- projectors on chiral states:

cL = 2
p
2GF

�
sin2 ✓W � 0.5 + �⌫,⌫e

�
<latexit sha1_base64="ynM2bfblRwt6aLjll2sdUmK2Ejk="></latexit>
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p
2GF sin2 ✓W

<latexit sha1_base64="u/FMGMO3nn+w9HKfNQ+219GtlrM="></latexit>
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<latexit sha1_base64="GkESPxKba7qd8chOZu8CCwF770w="></latexit>
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<latexit sha1_base64="moQko4Yk1kmYujkXXcnw9FsLVh0="></latexit>
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<latexit sha1_base64="hlEoz5iZCA+c2SAOsHsGDEQXdaI="></latexit>
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<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>

⌫
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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>

⌫
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⌫
<latexit sha1_base64="Q5QBoJHXaSX6KvHmV3PNna1aMJc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBgMY3b</latexit>
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<latexit sha1_base64="S/FIAL5U8oTc01ucOMuRhAKp83c="></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="eZWwDnG3lUqP/m5o4wlELu6hwok=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8nsz62K9U3Zo7B1klXkGqUKDZr3z1BgnLYpSGCap113NTE+RUGc4ETsu9TGNK2ZgOsWuppDHqIJ8fOyXnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRDdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5lG0I3vLLq6RVr3mXtfrDVbVxW8RRglM4gwvw4BoacA9N8IEBh2d4hTdHOi/Ou/OxaF1zipkT+APn8wfV/46z</latexit>

⌫e
<latexit sha1_base64="eZWwDnG3lUqP/m5o4wlELu6hwok=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8nsz62K9U3Zo7B1klXkGqUKDZr3z1BgnLYpSGCap113NTE+RUGc4ETsu9TGNK2ZgOsWuppDHqIJ8fOyXnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRDdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5lG0I3vLLq6RVr3mXtfrDVbVxW8RRglM4gwvw4BoacA9N8IEBh2d4hTdHOi/Ou/OxaF1zipkT+APn8wfV/46z</latexit>
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Z

<latexit sha1_base64="zkCR6Lgt8k02Ny9RfzWNKNli57E="></latexit>

1

p2W �M2
W

<latexit sha1_base64="6uegYx62/btDDn7L1b9IITlurik="></latexit>

gPL, gPR
<latexit sha1_base64="vTdK3GoGbu833XHDatOQ/MbXP7U="></latexit>

gPL
<latexit sha1_base64="WACIZ9xy7lcf77hWVEjAxj2JXl4=">AAACAHicdVDLSsNAFJ34rPUVdeFCkcFScFWSVG3dFd24cNGCfUAbwmQ6bYdOHsxMhBKyEfwSNy4UcVf8DHd+gz/h9CVW8MCFwzn3cu89bsiokIbxqS0sLi2vrKbW0usbm1vb+s5uTQQRx6SKAxbwhosEYdQnVUklI42QE+S5jNTd/tXIr98RLmjg38pBSGwPdX3aoRhJJTn6fhe2PCR73IvLiTOjN4mjZ4ycMQY0clbxrGCeKmJYF+dmHppTK1M6HFa+Ho6GZUf/aLUDHHnEl5ghIZqmEUo7RlxSzEiSbkWChAj3UZc0FfWRR4Qdjx9IYFYpbdgJuCpfwrH6eyJGnhADz1WdowtFOvvHHKk/5twq2SnaMfXDSBIfTzZ1IgZlAEdxwDblBEs2UARhTtWxEPcQR1iq0FQIs0/h/6Rm5cx8zqqoNC7BBClwAI7BCTBBAZTANSiDKsAgAY/gGbxo99qT9qq9TVoXtOnMHpiD9v4NYCuaww==</latexit>

gPL
<latexit sha1_base64="WACIZ9xy7lcf77hWVEjAxj2JXl4=">AAACAHicdVDLSsNAFJ34rPUVdeFCkcFScFWSVG3dFd24cNGCfUAbwmQ6bYdOHsxMhBKyEfwSNy4UcVf8DHd+gz/h9CVW8MCFwzn3cu89bsiokIbxqS0sLi2vrKbW0usbm1vb+s5uTQQRx6SKAxbwhosEYdQnVUklI42QE+S5jNTd/tXIr98RLmjg38pBSGwPdX3aoRhJJTn6fhe2PCR73IvLiTOjN4mjZ4ycMQY0clbxrGCeKmJYF+dmHppTK1M6HFa+Ho6GZUf/aLUDHHnEl5ghIZqmEUo7RlxSzEiSbkWChAj3UZc0FfWRR4Qdjx9IYFYpbdgJuCpfwrH6eyJGnhADz1WdowtFOvvHHKk/5twq2SnaMfXDSBIfTzZ1IgZlAEdxwDblBEs2UARhTtWxEPcQR1iq0FQIs0/h/6Rm5cx8zqqoNC7BBClwAI7BCTBBAZTANSiDKsAgAY/gGbxo99qT9qq9TVoXtOnMHpiD9v4NYCuaww==</latexit>

gPL
<latexit sha1_base64="WACIZ9xy7lcf77hWVEjAxj2JXl4=">AAACAHicdVDLSsNAFJ34rPUVdeFCkcFScFWSVG3dFd24cNGCfUAbwmQ6bYdOHsxMhBKyEfwSNy4UcVf8DHd+gz/h9CVW8MCFwzn3cu89bsiokIbxqS0sLi2vrKbW0usbm1vb+s5uTQQRx6SKAxbwhosEYdQnVUklI42QE+S5jNTd/tXIr98RLmjg38pBSGwPdX3aoRhJJTn6fhe2PCR73IvLiTOjN4mjZ4ycMQY0clbxrGCeKmJYF+dmHppTK1M6HFa+Ho6GZUf/aLUDHHnEl5ghIZqmEUo7RlxSzEiSbkWChAj3UZc0FfWRR4Qdjx9IYFYpbdgJuCpfwrH6eyJGnhADz1WdowtFOvvHHKk/5twq2SnaMfXDSBIfTzZ1IgZlAEdxwDblBEs2UARhTtWxEPcQR1iq0FQIs0/h/6Rm5cx8zqqoNC7BBClwAI7BCTBBAZTANSiDKsAgAY/gGbxo99qT9qq9TVoXtOnMHpiD9v4NYCuaww==</latexit>

Weinberg (1967), 't Hooft (1971)
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Neutrino scattering in EFT. Matching

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

MULAN (2012)

- GF: combination of parameters is precisely measured

GF = 1.1663787(6)⇥ 10�5 GeV�2
<latexit sha1_base64="h073e0rV6uIRUpdGQl9UYroM74I="></latexit>

- no additional operators after one-loop matching

GF =

p
2g2

8M2
W

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

- gauge-invariant matching of amplitudes, renormalized in        scheme:

- tree-level matching to low-energy EFT: 

MSM = MEFT
<latexit sha1_base64="OYJyfST7BZcfh1FJIvx5rjDFjJA="></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>

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

- consider only leading in GF terms: loop corrections in α, αs 
Weinberg (1967), 't Hooft (1971)

- matching at order ααs: left- and right-handed couplings
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- αs becomes too strong

- hadronic physics > 140 MeV

- theory with leptons

- integrate out GeV particles

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

⌫

?

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>

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>

�
<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>

% effect
- integrate out top, Z , W, h c⌫ee

L : 2.388 ! 2.398

c
⌫µe
L : �0.911 ! �0.901

cR : 0.759 ! 0.769
<latexit sha1_base64="MN9tVK2yy3ErlDItNyU37SYX+AI="></latexit>- only one EFT coupling

changes with scale

Richard J Hill and O. T. 
(2020)

- precise mapping from electroweak to hadronic scales
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Scale-independent combinations
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>

-  chirally-symmetric universal running + flavor symmetry: 
8 constraints on running in the theory:

Le↵ = �⌫̄l�µPL⌫l · f̄�µ(c⌫lf
L PL + c⌫lf

R PR)f
<latexit sha1_base64="UVXhnxspS4oH0HE5xci62sDuQaQ="></latexit>

- only 1 effective coupling changes with scale

- one Fermi coupling and one cR at leading order 

cbR (µ)� cdR (µ) = 0,

c⌫ee
L (µ)� c

⌫µe
L (µ) = 2

p
2GF,

c
⌫µe
L (µ)� cR (µ) = �

p
2G̃e,

cuL (µ)� cuR (µ) =
p
2G̃u,

cdL (µ)� cdR (µ) = �
p
2G̃d,

cbL (µ)� cbR (µ) = �
p
2G̃b,

3cuL (µ) + 2c
⌫µe
L (µ) =

p
2Gu,

�3cdL (µ) + c
⌫µe
L (µ) = 2

p
2Gd.

<latexit sha1_base64="eyu6yZFAPU3Qsgd+KeDPiSdXyL0="></latexit>
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- agreement of electroweak vs muon mass scales 

- Fermi constant: 0.9𝜎 tension with 6x10-4 relative difference 

- Fermi coupling is scale independent

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>

Fermi coupling constant
Le↵ = �2

p
2GF

X

` 6=`0

⌫̄`0�
µPL⌫` ¯̀�µPL`

0 � cqq
0 X

q 6=q0

¯̀�µPL⌫` q̄�µPLq
0

<latexit sha1_base64="TouH0HwtxpRKAR0gRfYfBKsla+0="></latexit>

inputs GF

MW, MZ, 𝛼 1.16713(83)i(12)p 1.18161(85)i(33)p 1.16917(83)i(32)p

GF, MZ, 𝛼 1.1663787(6)i 1.18083(4)i(21)p 1.16841(4)i(20)p

- comparison of scale-independent combinations

inputs

MW, MZ, 𝛼 1.18231(85)i(33)p 1.14642(78)i(33)p 1.18288(85)i(33)p

GF, MZ, 𝛼 1.18154(4)i(21)p 1.14570(4)i(22)p 1.18211(4)i(21)p

G̃e
<latexit sha1_base64="ysZaPCVbE4mhYRf9lAwoMgIU2Ys=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq6LLoQpcV7AOaECaTm3bo5MHMRKgh+CtuXCji1v9w5984bbPQ1gMDh3Pu5Z45fsqZVJb1bSwtr6yurVc2qptb2zu75t5+RyaZoNCmCU9EzycSOIuhrZji0EsFkMjn0PVH1xO/+wBCsiS+V+MU3IgMYhYySpSWPPPQiYgaiih3FOMB5DdF4YFn1qy6NQVeJHZJaqhEyzO/nCChWQSxopxI2betVLk5EYpRDkXVySSkhI7IAPqaxiQC6ebT9AU+0UqAw0ToFys8VX9v5CSSchz5enKSVc57E/E/r5+p8NLNWZxmCmI6OxRmHKsET6rAARNAFR9rQqhgOiumQyIIVbqwqi7Bnv/yIuk06vZZvXF3XmtelXVU0BE6RqfIRheoiW5RC7URRY/oGb2iN+PJeDHejY/Z6JJR7hygPzA+fwBOK5XF</latexit>

G̃u
<latexit sha1_base64="eLmpRzTVce5uEpaTowU7qkNzzyQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq6LLoQpcV7AOaECaTSTt0ZhJmJkINwV9x40IRt/6HO//GaZuFth4YOJxzL/fMCVNGlXacb2tpeWV1bb2yUd3c2t7Ztff2OyrJJCZtnLBE9kKkCKOCtDXVjPRSSRAPGemGo+uJ330gUtFE3OtxSnyOBoLGFCNtpMA+9DjSQ8lzT1MWkfymKIIssGtO3ZkCLhK3JDVQohXYX16U4IwToTFDSvVdJ9V+jqSmmJGi6mWKpAiP0ID0DRWIE+Xn0/QFPDFKBONEmic0nKq/N3LElRrz0ExOsqp5byL+5/UzHV/6ORVpponAs0NxxqBO4KQKGFFJsGZjQxCW1GSFeIgkwtoUVjUluPNfXiSdRt09qzfuzmvNq7KOCjgCx+AUuOACNMEtaIE2wOARPINX8GY9WS/Wu/UxG12yyp0D8AfW5w9ma5XV</latexit>

G̃d
<latexit sha1_base64="7aUxJuLfqT+sagpsQ5XijRIbQDQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq6LLoQpcV7AOaECaTSTt0ZhJmJkINwV9x40IRt/6HO//GaZuFth4YOJxzL/fMCVNGlXacb2tpeWV1bb2yUd3c2t7Ztff2OyrJJCZtnLBE9kKkCKOCtDXVjPRSSRAPGemGo+uJ330gUtFE3OtxSnyOBoLGFCNtpMA+9DjSQ8lzT1MWkfymKIIosGtO3ZkCLhK3JDVQohXYX16U4IwToTFDSvVdJ9V+jqSmmJGi6mWKpAiP0ID0DRWIE+Xn0/QFPDFKBONEmic0nKq/N3LElRrz0ExOsqp5byL+5/UzHV/6ORVpponAs0NxxqBO4KQKGFFJsGZjQxCW1GSFeIgkwtoUVjUluPNfXiSdRt09qzfuzmvNq7KOCjgCx+AUuOACNMEtaIE2wOARPINX8GY9WS/Wu/UxG12yyp0D8AfW5w9Mp5XE</latexit>

Gu
<latexit sha1_base64="VPKY2FBap83bKnHDc6UR7hxgaD8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFF7qsYB/QjiWTpm1okhmSjFKG+Q83LhRx67+482/MtLPQ1gOBwzn3ck9OEHGmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0mGsCG2SkIeqE2BNOZO0aZjhtBMpikXAaTuYXGd++5EqzUJ5b6YR9QUeSTZkBBsrPfQENmMlkuQmTftxv1xxq+4MaJl4OalAjka//NUbhCQWVBrCsdZdz42Mn2BlGOE0LfViTSNMJnhEu5ZKLKj2k1nqFJ1YZYCGobJPGjRTf28kWGg9FYGdzFLqRS8T//O6sRle+gmTUWyoJPNDw5gjE6KsAjRgihLDp5ZgopjNisgYK0yMLapkS/AWv7xMWrWqd1at3Z1X6ld5HUU4gmM4BQ8uoA630IAmEFDwDK/w5jw5L8678zEfLTj5ziH8gfP5Azgfkvo=</latexit>

Gd
<latexit sha1_base64="X3fe47MFMFSXXwzWv33PFp7+/tQ=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRhS4r2Ae0sUwmk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+ZMadv+tkorq2vrG+XNytb2zu5edf+go6JEEtomEY9kz8OKciZoWzPNaS+WFIcep11vcp373UcqFYvEvZ7G1A3xSLCAEayN9DAIsR7LME1vsmzoD6s1u27PgJaJU5AaFGgNq18DPyJJSIUmHCvVd+xYuymWmhFOs8ogUTTGZIJHtG+owCFVbjpLnaETo/goiKR5QqOZ+nsjxaFS09Azk3lKtejl4n9eP9HBpZsyESeaCjI/FCQc6QjlFSCfSUo0nxqCiWQmKyJjLDHRpqiKKcFZ/PIy6TTqzlm9cXdea14VdZThCI7hFBy4gCbcQgvaQEDCM7zCm/VkvVjv1sd8tGQVO4fwB9bnDx5bkuk=</latexit>

Richard J Hill and O. T. 
(2020)
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Main theoretical uncertainty
- momentum transfer is suppressed by electron mass: 

- description in terms of quarks is invalid for GeV neutrino energies 
⌫

?

e e

⌫

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

- hadronic correction is the main error in theory

% level

�
<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>

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>

Q2 < 2m! ⌧ ⇤2
QCD

<latexit sha1_base64="2QYbcTqwGZ0QLPuBGIaPOC3ofMM="></latexit>

- QCD: short-distance contribution 

- non-perturbative light-quark contribution

- kinematics is suppressed by electron mass 

s,Q2 . 2mE⌫ ⌧ ⇤2
QCD

<latexit sha1_base64="YaOxyvpIP9cC9mC+9NwpSuFhFX8="></latexit>

ch =

p
2↵GF

⇡

⇣
2 sin2 ✓W⇧(3)

�� (0)�⇧(3)
3� (0)

⌘

<latexit sha1_base64="/weVqM9jWmp2+M+4p1zXQF5iQyQ="></latexit>
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EFT with leptons
- virtual-loop scale is well below muon and hadron masses: 

- QCD degrees of freedom: vector contribution to effective couplings

- neutrino-electron scattering is described by EFT with leptons only

- three distinct L and R couplings below the muon mass !!!

c⌫ee
L

<latexit sha1_base64="ifusKbFVzTqnJhT98UEBzkeW8y8=">AAAB/3icZVA9SwNBEN0zfsT4FbWwsFkMAatwFwstgzYWFhHMByTx2NtMkiV7e8funhCOKyz8JRZpVGz9GZZi6R9xLwlikgcDj/dmmJnnhZwpbdtf1kpmdW19I7uZ29re2d3L7x/UVRBJCjUa8EA2PaKAMwE1zTSHZiiB+B6Hhje8Sv3GA0jFAnGnRyF0fNIXrMco0UZy80fUbftED6Qf3yT3cVtELmBIsJsv2CV7ArxMnBkpVIpPGedn/F1185/tbkAjH4SmnCjVcuxQd2IiNaMcklw7UhASOiR9aBkqiA+qE08eSHDRKF3cC6QpofFE/T8RE1+pke+ZzvRYlSsumKn6Z86t0r2LTsxEGGkQdLqpF3GsA5zGgbtMAtV8ZAihkpljMR0QSagGaTJwFj9eJvVyyTkrlW9NGJdoiiw6RifoFDnoHFXQNaqiGqIoQc/oBb1aj9bYerPep60r1mzmEM3B+vgFptKZnw==</latexit>

c⌫ee
R

<latexit sha1_base64="V9YSQFUcwntFlxLT1xVjCsDdviE=">AAAB/3icZVA9TwJBEN0TPxC/UAsLm42ExIrcYaEl0cYSjXwkgJe9ZYANe3uX3T0TcrnCwl9iQaPG1p9haSz9I+4BMQIvmeTlvZnMzPNCzpS27S9rJbO6tr6R3cxtbe/s7uX3D+oqiCSFGg14IJseUcCZgJpmmkMzlEB8j0PDG16lfuMBpGKBuNOjEDo+6QvWY5RoI7n5I+q2faIH0o9vk/u4LSIXMCTYzRfskj0BXibOjBQqxaeM8zP+rrr5z3Y3oJEPQlNOlGo5dqg7MZGaUQ5Jrh0pCAkdkj60DBXEB9WJJw8kuGiULu4F0pTQeKL+n4iJr9TI90xneqzKFRfMVP0z51bp3kUnZiKMNAg63dSLONYBTuPAXSaBaj4yhFDJzLGYDogkVIM0GTiLHy+TernknJXKNyaMSzRFFh2jE3SKHHSOKugaVVENUZSgZ/SCXq1Ha2y9We/T1hVrNnOI5mB9/AKwLJml</latexit>

c
⌫µe
R

<latexit sha1_base64="ty88qp/AQ0Q/Y8A76f7EHoArS3M=">AAACAXicZVDLSgMxFM20Pmp9VV2Jm2ApuCozdaHLohuXVewD2rFk0ts2NJMZkoxQhsGF+CkiblTc+hUuxaU/YvpAbHsgcHLOvdx7jxdyprRtf1mp9NLyympmLbu+sbm1ndvZrakgkhSqNOCBbHhEAWcCqpppDo1QAvE9DnVvcD7y67cgFQvEtR6G4PqkJ1iXUaKN1M7t03bLJ7ov/fgquYlbIjL/CEOC27m8XbTHwIvEmZJ8ufCQdn6evivt3GerE9DIB6EpJ0o1HTvUbkykZpRDkm1FCkJCB6QHTUMF8UG58fiEBBeM0sHdQJonNB6r/zti4is19D1TOVpXZQtz5kj9M2dG6e6pGzMRRhoEnUzqRhzrAI8CwR0mgWo+NIRQycyymPaJJFSDNBk48xcvklqp6BwXS5cmjDM0QQYdoEN0hBx0gsroAlVQFVF0hx7RC3q17q1n6816n5SmrGnPHpqB9fELVgyakg==</latexit>

c
⌫µe
L

<latexit sha1_base64="OPUSqwpRslJhqraduBIzurqxD1c=">AAACAHicZVC7SgNBFJ1NfMT4itoINoMhYBV2Y6Fl0MbCIoJ5QLKG2clNMmR2dpmZFcKyFoJ/ImijYutfWIqlP+LkgZjkwMCZc+7l3nu8kDOlbfvLSqWXlldWM2vZ9Y3Nre3czm5NBZGkUKUBD2TDIwo4E1DVTHNohBKI73Goe4PzkV+/BalYIK71MATXJz3BuowSbaR2bp+2Wz7RfenHl8lN3BKR+UcYknYubxftMfAicaYkXy48pJ2fp+9KO/fZ6gQ08kFoyolSTccOtRsTqRnlkGRbkYKQ0AHpQdNQQXxQbjy+IMEFo3RwN5DmCY3H6v+OmPhKDX3PVI62VdnCnDlS/8yZUbp76sZMhJEGQSeTuhHHOsCjPHCHSaCaDw0hVDKzLKZ9IgnVIE0GzvzFi6RWKjrHxdKVCeMMTZBBB+gQHSEHnaAyukAVVEUU3aFH9IJerXvr2Xqz3ielKWvas4dmYH38Au1lmmI=</latexit>

- theory with electron, muon and neutrinos only

Le↵ = �⌫̄l�µPL⌫l · l̄0�µ(c⌫ll
0

L PL + c⌫ll
0

R PR)l
0

<latexit sha1_base64="UoNtCfwLd35SrgP06jMXYzyUNrg="></latexit>

𝜇 = 2 GeV 2.4064(28) -0.8926(28) 0.7773(28) 0.7773(28)

𝜇 = m𝜇 2.3997(29) -0.8994(29) 0.7706(29) 0.7706(29)

𝜇 = me 2.3865(29) -0.8988(29) 0.7575(29) 0.7711(29)

Q2 < 2m! ⌧ ⇤2
QCD

<latexit sha1_base64="2QYbcTqwGZ0QLPuBGIaPOC3ofMM="></latexit>
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Radiative corrections in four-Fermi theory

⌫

e e

⌫

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

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>

- only few QED corrections are present in effective theory

⌫

e e

⌫

�

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

⌫

e e

⌫

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

- real radiation:

- virtual corrections:
⌫

?

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>

�
<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
<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>

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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- 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>

Bremsstrahlung
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- analytical form for finite and small electron mass

Bremsstrahlung

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>

- new distributions beyond         ,      spectra: 

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 J Hill (2020)

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>

EEM = Ee + E�
<latexit sha1_base64="YXzbkdKtuZ70oAojxV6xrWdZIIg=">AAACB3icbVDLSgMxFM34rPU16lKQYBEEocxUQTdCUQpuhAr2AZ1hyKSZNjTJDElGKEN3bvwVNy4UcesvuPNvzLRdaOuBhMM593LvPWHCqNKO820tLC4tr6wW1orrG5tb2/bOblPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHCd+60HIhWNxb0eJsTnqCdoRDHSRgrsg1rgcaT7kme12xG8hLWAwBPzez3EOQrsklN2xoDzxJ2SEpiiHthfXjfGKSdCY4aU6rhOov0MSU0xI6OilyqSIDxAPdIxVCBOlJ+N7xjBI6N0YRRL84SGY/V3R4a4UkMemsp8ZzXr5eJ/XifV0YWfUZGkmgg8GRSlDOoY5qHALpUEazY0BGFJza4Q95FEWJvoiiYEd/bkedKslN3TcuXurFS9msZRAPvgEBwDF5yDKrgBddAAGDyCZ/AK3qwn68V6tz4mpQvWtGcP/IH1+QOlIZfi</latexit>

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

Ee
<latexit sha1_base64="ymTyJKhG5hxuDLBJtdibv8GfZAw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1hr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAOHI2l</latexit>
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- error 0.2-0.4% of order DUNE statistical error

Absolute cross section
- hadronic loops introduce the main error 
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⌫̄ee ! ⌫̄ee(�)
<latexit sha1_base64="VhYDy8AXtkzlR0XR7R7AkNw1bkM=">AAACGnicbVBNSwMxFMzW7/pV9eglWIR6Kbsq6LHoxaOCrUJ3KW/T1zaYZJckK5Slv8OLf8WLB0W8iRf/jWm7B6sOBIaZ93iZiVPBjfX9L680N7+wuLS8Ul5dW9/YrGxtt0ySaYZNlohE38ZgUHCFTcutwNtUI8hY4E18dz72b+5RG56oaztMMZLQV7zHGVgndSpBKMEOtMzDGHQeqmzUQYo0tAmdVWphH6SEg1GnUvXr/gT0LwkKUiUFLjuVj7CbsEyiskyAMe3AT22Ug7acCRyVw8xgCuwO+th2VIFEE+WTaCO675Qu7SXaPWXpRP25kYM0ZihjNzkOYn57Y/E/r53Z3mmUc5VmFhWbHuplgrrg455ol2tkVgwdAaa5+ytlA9DArGuz7EoIfkf+S1qH9eCofnh1XG2cFXUsk12yR2okICekQS7IJWkSRh7IE3khr96j9+y9ee/T0ZJX7OyQGXif3ykcoOc=</latexit>

⌫̄µe ! ⌫̄µe(�)
<latexit sha1_base64="i0gE92HZ2bdw10Vck6xbhixeHYI=">AAACHnicbVDLSgMxFM3UV62vUZdugkWomzJTFV0W3bisYB/QGcqdNG1Dk8yQZIQy9Evc+CtuXCgiuNK/MX0stPVA4HDOvdycEyWcaeN5305uZXVtfSO/Wdja3tndc/cPGjpOFaF1EvNYtSLQlDNJ64YZTluJoiAiTpvR8GbiNx+o0iyW92aU0FBAX7IeI2Cs1HEvAgFmoEQWRKCyQKbjTiBSTHFgYryolYI+CAGn445b9MreFHiZ+HNSRHPUOu5n0I1JKqg0hIPWbd9LTJiBMoxwOi4EqaYJkCH0adtSCYLqMJvGG+MTq3RxL1b2SYOn6u+NDITWIxHZyUkYvehNxP+8dmp6V2HGZJIaKsnsUC/l2EafdIW7TFFi+MgSIIrZv2IyAAXE2EYLtgR/MfIyaVTK/lm5cnderF7P68ijI3SMSshHl6iKblEN1RFBj+gZvaI358l5cd6dj9lozpnvHKI/cL5+AKN7osE=</latexit>

⌫ee ! ⌫ee(�)
<latexit sha1_base64="2ayvB0avm26HjG0XtRYq1Rc0YI8=">AAACEnicbVDLSgMxFM34rPVVdekmWIR2U2aqoMuiG5cV7AM6Q8mkt21okhmSjFCG+QY3/oobF4q4deXOvzF9gNp6IHByzr0k54QxZ9q47pezsrq2vrGZ28pv7+zu7RcODps6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjq4nfuselGaRvDPjGAJBBpL1GSXGSt1C2RfEDJVIU18mWRcwYN9E+OdW8gdECFLOuoWiW3GnwMvEm5MimqPeLXz6vYgmAqShnGjd8dzYBClRhlEOWd5PNMSEjsgAOpZKIkAH6TRShk+t0sP9SNkjDZ6qvzdSIrQei9BOTgLoRW8i/ud1EtO/DFIm48SApLOH+gnHNvSkH9xjCqjhY0sIVcz+FdMhUYQa22LeluAtRl4mzWrFO6tUb8+Ltat5HTl0jE5QCXnoAtXQDaqjBqLoAT2hF/TqPDrPzpvzPhtdceY7R+gPnI9vszWddQ==</latexit>

⌫µe ! ⌫µe(�)
<latexit sha1_base64="vcOaNM2buubuUNRov0SweycNHy4=">AAACEnicbVDNS8MwHE39nPOr6tFLcAjbZbRT0OPQi8cJ7gPWUtIs3cKStCSpMMr+Bi/+K148KOLVkzf/G9OtoG4+CLy89/uRvBcmjCrtOF/Wyura+sZmaau8vbO7t28fHHZUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDcfXud+9J1LRWNzpSUJ8joaCRhQjbaTArnkc6ZHkmSfSwOMpJNDTMfy5Vb0h4hzVpoFdcerODHCZuAWpgAKtwP70BjFOOREaM6RU33US7WdIaooZmZa9VJEE4TEakr6hAnGi/GwWaQpPjTKAUSzNERrO1N8bGeJKTXhoJvMAatHLxf+8fqqjSz+jIkk1EXj+UJQyaELn/cABlQRrNjEEYUnNXyEeIYmwNi2WTQnuYuRl0mnU3bN64/a80rwq6iiBY3ACqsAFF6AJbkALtAEGD+AJvIBX69F6tt6s9/noilXsHIE/sD6+AU8vnTc=</latexit>



e, Eν = 1 GeV EM, Eν = 1 GeV
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- cut dependence after radiative corrections

Electron vs electromagnetic (EM) spectra

Ē = Ee
<latexit sha1_base64="SFCIq3xwRI2pmEAvzdmSKx7H6KM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQS9CUQoeK9gP2C4lm862odlkSbJCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqii0qORSdUOigTMBLcMMh26igMQhh044vpv5nSdQmknxaCYJBDEZChYxSoyV/F5IVNaY3jT60C9X3Ko7B14lXk4qKEezX/7qDSRNYxCGcqK177mJCTKiDKMcpqVeqiEhdEyG4FsqSAw6yOYnT/GZVQY4ksqWMHiu/p7ISKz1JA5tZ0zMSC97M/E/z09NdB1kTCSpAUEXi6KUYyPx7H88YAqo4RNLCFXM3orpiChCjU2pZEPwll9eJe1a1buo1h4uK/XbPI4iOkGn6Bx56ArV0T1qohaiSKJn9IreHOO8OO/Ox6K14OQzx+gPnM8f5qGRAA==</latexit>

⌫µe ! ⌫µe(�)
<latexit sha1_base64="vcOaNM2buubuUNRov0SweycNHy4=">AAACEnicbVDNS8MwHE39nPOr6tFLcAjbZbRT0OPQi8cJ7gPWUtIs3cKStCSpMMr+Bi/+K148KOLVkzf/G9OtoG4+CLy89/uRvBcmjCrtOF/Wyura+sZmaau8vbO7t28fHHZUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDcfXud+9J1LRWNzpSUJ8joaCRhQjbaTArnkc6ZHkmSfSwOMpJNDTMfy5Vb0h4hzVpoFdcerODHCZuAWpgAKtwP70BjFOOREaM6RU33US7WdIaooZmZa9VJEE4TEakr6hAnGi/GwWaQpPjTKAUSzNERrO1N8bGeJKTXhoJvMAatHLxf+8fqqjSz+jIkk1EXj+UJQyaELn/cABlQRrNjEEYUnNXyEeIYmwNi2WTQnuYuRl0mnU3bN64/a80rwq6iiBY3ACqsAFF6AJbkALtAEGD+AJvIBX69F6tt6s9/noilXsHIE/sD6+AU8vnTc=</latexit>

Ē = Ee + E�
<latexit sha1_base64="GzZcKCc6KdcL3Q7DW8vmCPfgyo8=">AAACAXicbVDLSgMxFM3UV62vqhvBTbAIglBmqqAboSgFlxXsA9oy3EkzbWiSGZKMUIa68VfcuFDErX/hzr8xfSy09cC9HM65l+SeIOZMG9f9djJLyyura9n13Mbm1vZOfnevrqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbsZ+44EqzSJ5b4Yx7QjoSRYyAsZKfv6gHYBKKyN8hSs+xae2t3sgBPj5glt0J8CLxJuRApqh6ue/2t2IJIJKQzho3fLc2HRSUIYRTke5dqJpDGQAPdqyVIKgupNOLhjhY6t0cRgpW9Lgifp7IwWh9VAEdlKA6et5byz+57USE152UibjxFBJpg+FCccmwuM4cJcpSgwfWgJEMftXTPqggBgbWs6G4M2fvEjqpaJ3VizdnRfK17M4sugQHaET5KELVEa3qIpqiKBH9Ixe0Zvz5Lw4787HdDTjzHb20R84nz8ZB5Vh</latexit>

MINERvA

!
<latexit sha1_base64="tlCosEe7acB15WG/y1yAvFPNxVY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkX+PHw==</latexit>

!
<latexit sha1_base64="tlCosEe7acB15WG/y1yAvFPNxVY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkX+PHw==</latexit>

!
<latexit sha1_base64="tlCosEe7acB15WG/y1yAvFPNxVY=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPkX+PHw==</latexit>

- experimentally convenient variable X = 2m

✓
1� Ē

!

◆
⇡

Ē=Ee

Ee✓
2
e

<latexit sha1_base64="T+KEXKXyESeiCDd9CH+8AKKM+XM="></latexit>
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- 1-3 % difference at low recoil energy

Experimental energy spectrum
- average over beam flux and sum over flavors: 

Ē = Ee
<latexit sha1_base64="SFCIq3xwRI2pmEAvzdmSKx7H6KM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQS9CUQoeK9gP2C4lm862odlkSbJCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqii0qORSdUOigTMBLcMMh26igMQhh044vpv5nSdQmknxaCYJBDEZChYxSoyV/F5IVNaY3jT60C9X3Ko7B14lXk4qKEezX/7qDSRNYxCGcqK177mJCTKiDKMcpqVeqiEhdEyG4FsqSAw6yOYnT/GZVQY4ksqWMHiu/p7ISKz1JA5tZ0zMSC97M/E/z09NdB1kTCSpAUEXi6KUYyPx7H88YAqo4RNLCFXM3orpiChCjU2pZEPwll9eJe1a1buo1h4uK/XbPI4iOkGn6Bx56ArV0T1qohaiSKJn9IreHOO8OO/Ox6K14OQzx+gPnM8f5qGRAA==</latexit>

Ē = Ee + E�
<latexit sha1_base64="GzZcKCc6KdcL3Q7DW8vmCPfgyo8=">AAACAXicbVDLSgMxFM3UV62vqhvBTbAIglBmqqAboSgFlxXsA9oy3EkzbWiSGZKMUIa68VfcuFDErX/hzr8xfSy09cC9HM65l+SeIOZMG9f9djJLyyura9n13Mbm1vZOfnevrqNEEVojEY9UMwBNOZO0ZpjhtBkrCiLgtBEMbsZ+44EqzSJ5b4Yx7QjoSRYyAsZKfv6gHYBKKyN8hSs+xae2t3sgBPj5glt0J8CLxJuRApqh6ue/2t2IJIJKQzho3fLc2HRSUIYRTke5dqJpDGQAPdqyVIKgupNOLhjhY6t0cRgpW9Lgifp7IwWh9VAEdlKA6et5byz+57USE152UibjxFBJpg+FCccmwuM4cJcpSgwfWgJEMftXTPqggBgbWs6G4M2fvEjqpaJ3VizdnRfK17M4sugQHaET5KELVEa3qIpqiKBH9Ixe0Zvz5Lw4787HdDTjzHb20R84nz8ZB5Vh</latexit>

MINERvA
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Conclusions

powerful constraint
on neutrino flux

- precision four Fermi effective theory: basis for computations  

    with sub-percent accuracy in neutrino interactions

- energy spectra and bremsstrahlung cross sections: 

     new results in analytical form

⌫

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>

- total and differential neutrino-electron cross sections                      

    evaluated from theory with first error analysis

- dominant hadronic uncertainty at the level 0.2-0.4% 

    could be further reduced by lattice QCD



Thanks for your attention !!!
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