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Motivation

• Neutrino oscillations call for new physics in the neutrino sector.

• The absence of BSM signals at the LHC indicates new physics 

scale may be beyond the kinematic reach.
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• The most prominent EFT is the SMEFT, respecting the full SM gauge 

symmetries with only SM field contents

• Nonstandard neutrino interactions are related to the di-lepton interactions by 

the gauge symmetry at dimension-six level. 

• Scalar- and tensor-like neutral current neutrino interactions are absent in 

SMEFT

SMEFT

SMNEFT = SMEFT +  N
[arXiv:0806.0876]
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EFT

⇤NP
<latexit sha1_base64="HEF/K6AOKPay2reZEl+aooKg70Q=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIVdFl040Kkgn1AE8JkMmmHTiZh5kYsIf6KGxeKuPVD3Pk3TtsstHpg4HDOudw7J0g5U2DbX0ZlaXllda26XtvY3NreMXf3uirJJKEdkvBE9gOsKGeCdoABp/1UUhwHnPaC8eXU791TqVgi7mCSUi/GQ8EiRjBoyTfr7rUOh9jPXaAPkN+0i8I3G3bTnsH6S5ySNFCJtm9+umFCspgKIBwrNXDsFLwcS2CE06LmZoqmmIzxkA40FTimystnxxfWoVZCK0qkfgKsmfpzIsexUpM40MkYw0gtelPxP2+QQXTu5UykGVBB5ouijFuQWNMmrJBJSoBPNMFEMn2rRUZYYgK6r5ouwVn88l/SPW46J0379rTRuijrqKJ9dICOkIPOUAtdoTbqIIIm6Am9oFfj0Xg23oz3ebRilDN19AvGxzck95UW</latexit>

vw
<latexit sha1_base64="xv3ZfiuauxK/xA7lAChaPKxoeIs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2CbOT2WTI7IOZ3mhY9je8eFDEqz/jzb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8OWjlPFeJPFMlYdn2ouRcSbKFDyTqI4DX3J2/7oduq3x1xpEUcPOEm4F9JBJALBKBrJHfcyF/kTZo953qtU7Zo9A1kmTkGqUKDRq3y5/ZilIY+QSap117ET9DKqUDDJ87Kbap5QNqID3jU0oiHXXja7OSenRumTIFamIiQz9fdERkOtJ6FvOkOKQ73oTcX/vG6KwbWXiShJkUdsvihIJcGYTAMgfaE4QzkxhDIlzK2EDamiDE1MZROCs/jyMmmd15yLmn1/Wa3fFHGU4BhO4AwcuII63EEDmsAggWd4hTcrtV6sd+tj3rpiFTNH8AfW5w8FUJJR</latexit>

UV model

SMNEFT

LEFT

⇤NP
<latexit sha1_base64="HEF/K6AOKPay2reZEl+aooKg70Q=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIVdFl040Kkgn1AE8JkMmmHTiZh5kYsIf6KGxeKuPVD3Pk3TtsstHpg4HDOudw7J0g5U2DbX0ZlaXllda26XtvY3NreMXf3uirJJKEdkvBE9gOsKGeCdoABp/1UUhwHnPaC8eXU791TqVgi7mCSUi/GQ8EiRjBoyTfr7rUOh9jPXaAPkN+0i8I3G3bTnsH6S5ySNFCJtm9+umFCspgKIBwrNXDsFLwcS2CE06LmZoqmmIzxkA40FTimystnxxfWoVZCK0qkfgKsmfpzIsexUpM40MkYw0gtelPxP2+QQXTu5UykGVBB5ouijFuQWNMmrJBJSoBPNMFEMn2rRUZYYgK6r5ouwVn88l/SPW46J0379rTRuijrqKJ9dICOkIPOUAtdoTbqIIIm6Am9oFfj0Xg23oz3ebRilDN19AvGxzck95UW</latexit>

vw
<latexit sha1_base64="xv3ZfiuauxK/xA7lAChaPKxoeIs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2CbOT2WTI7IOZ3mhY9je8eFDEqz/jzb9xkuxBEwsaiqpuurv8RAqNtv1trayurW9slrbK2zu7e/uVg8OWjlPFeJPFMlYdn2ouRcSbKFDyTqI4DX3J2/7oduq3x1xpEUcPOEm4F9JBJALBKBrJHfcyF/kTZo953qtU7Zo9A1kmTkGqUKDRq3y5/ZilIY+QSap117 ET9DKqUDDJ87Kbap5QNqID3jU0oiHXXja7OSenRumTIFamIiQz9fdERkOtJ6FvOkOKQ73oTcX/vG6KwbWXiShJkUdsvihIJcGYTAMgfaE4QzkxhDIlzK2EDamiDE1MZROCs/jyMmmd15yLmn1/Wa3fFHGU4BhO4AwcuII63EEDmsAggWd4hTcrtV6sd+tj3rpiFTNH8AfW5w8FUJJR</latexit>

Experiments

TeVLHC, LHeC

GeV

MeV

⌫ DIS
<latexit sha1_base64="Q6e1MuwAIsTvMzRllPNBOW1jQ4k=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqoMegHvQW0TwgG8PspJMMmZ1dZnrVsOQ/vHhQxKv/4s2/cfI4aGJBQ1HVTXdXEEth0HW/nczC4tLySnY1t7a+sbmV396pmijRHCo8kpGuB8yAFAoqKFBCPdbAwkBCLehfjPzaA2gjInWHgxiaIesq0RGcoZXufZX4CE+Y0svr22ErX3CL7hh0nnhTUiBTlFv5L78d8SQEhVwyYxqeG2MzZRoFlzDM+YmBmPE+60LDUsVCMM10fPWQHlilTTuRtqWQjtXfEykLjRmEge0MGfbMrDcS//MaCXbOmqlQcYKg+GRRJ5EUIzqKgLaFBo5yYAnjWthbKe8xzTjaoHI2BG/25XlSPSp6x0X35qRQOp/GkSV7ZJ8cEo+ckhK5ImVSIZxo8kxeyZvz6Lw4787HpDXjTGd2yR84nz9PcJJg</latexit>

⇡± decay
<latexit sha1_base64="yG3mKsvkm3WufW5O5D7BM93nGhc=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXBT0GvXiMYB6QjWF20kmGzD6Y6RWXdQ/+ihcPinj1N7z5N06SPWhiQUNR1U13lxdJodG2v62FxaXlldXCWnF9Y3Nru7Sz29BhrDjUeShD1fKYBikCqKNACa1IAfM9CU1vdDX2m/egtAiDW0wi6PhsEIi+4AyN1C3tu5G4S93Iz1yEB0xpDzhLsm6pbFfsCeg8cXJSJjlq3dKX2wt57EOAXDKt244dYSdlCgWXkBXdWEPE+IgNoG1owHzQnXRyf0aPjNKj/VCZCpBO1N8TKfO1TnzPdPoMh3rWG4v/ee0Y+xedVARRjBDw6aJ+LCmGdBwG7QkFHGViCONKmFspHzLFOJrIiiYEZ/bledI4qTinFfvmrFy9zOMokANySI6JQ85JlVyTGqkTTh7JM3klb9aT9WK9Wx/T1gUrn9kjf2B9/gC6EJaM</latexit>

nuclear � decay
<latexit sha1_base64="UwiRbBeKPYLcZdwpO82VE8+/BUI=">AAACCnicbVA9SwNBEN2L3/ErammzGgSrcKeClqKNpYJRIRfC3GYuWbK3d+zOieFIbeNfsbFQxNZfYOe/cfNR+PVg4PHeDDPzokxJS77/6ZWmpmdm5+YXyotLyyurlbX1K5vmRmBdpCo1NxFYVFJjnSQpvMkMQhIpvI56p0P/+haNlam+pH6GzQQ6WsZSADmpVdkKCe+o0LlQCIYPwggJxhpvo4D+oFWp+jV/BP6XBBNSZROctyofYTsVeYKahAJrG4GfUbMAQ9ItGZTD3GIGogcdbDiqIUHbLEavDPiOU9o8To0rTXykfp8oILG2n0SuMwHq2t/eUPzPa+QUHzULqbOcUIvxojhXnFI+zIW3pUFBqu8ICCPdrVx0wYAgl17ZhRD8fvkvudqrBfs1/+KgenwyiWOebbJttssCdsiO2Rk7Z3Um2D17ZM/sxXvwnrxX723cWvImMxvsB7z3L2Csm1E=</latexit>

⌫ oscillations
<latexit sha1_base64="PJj9ErgpEW5tLuXntLQPoysw2P4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSqKDHohePFWwtNKFstpt26WYTdidiCbn4V7x4UMSrP8Ob/8ZtmoO2Phh4vDfDzLwgEVyD43xblaXlldW16nptY3Nre8fe3evoOFWUtWksYtUNiGaCS9YGDoJ1E8VIFAh2H4yvp/79A1Oax/IOJgnzIzKUPOSUgJH69oEnUw/YI2Q41pQLUeg679t1p+EUwIvELUkdlWj17S9vENM0YhKoIFr3XCcBPyMKOBUsr3mpZgmhYzJkPUMliZj2s+KBHB8bZYDDWJmSgAv190RGIq0nUWA6IwIjPe9Nxf+8XgrhpZ9xmaTAJJ0tClOBIcbTNPCAK0ZBTAwhVHFzK6YjoggFk1nNhODOv7xIOqcN96zh3J7Xm1dlHFV0iI7QCXLRBWqiG9RCbURRjp7RK3qznqwX6936mLVWrHJmH/2B9fkDt4+XHw==</latexit>
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RG Running

Anomalous dimension matrix for SMNEFT WCs

Anomalous dimension matrix for LEFT WCs

(1)

(2)
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Neutrino mass bounds

[arxiv:0410254, 0409193]

�m⌫ <
X

m⌫
<latexit sha1_base64="W/HNdctYJWmnduM5CQKlnDuk+Zg=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7CrghYWQRvLCOYB2WWZnZ1NhszMLvMQQgg2/oqNhSK2foWdf+Mk2UITD1w4c869zL0nzhlV2vO+ndLS8srqWnm9srG5tb3j7u61VGYkJk2csUx2YqQIo4I0NdWMdHJJEI8ZaceDm4nffiBS0Uzc62FOQo56gqYUI22lyD0IEsI0gjwKhIFXMFCGzx6RW/Vq3hRwkfgFqYICjcj9CpIMG06Exgwp1fW9XIcjJDXFjIwrgVEkR3iAeqRrqUCcqHA0PWEMj62SwDSTtoSGU/X3xAhxpYY8tp0c6b6a9ybif17X6PQyHFGRG00Enn2UGgZ1Bid5wIRKgjUbWoKwpHZXiPtIIqxtahUbgj9/8iJpndb8s5p3d16tXxdxlMEhOAInwAcXoA5uQQM0AQaP4Bm8gjfnyXlx3p2PWWvJKWb2wR84nz8OV5aQ</latexit>

The bounds from neutrino mass without (with)
cosmological inputs

kinematic bound: m⌫ . 1.1 eV
<latexit sha1_base64="i4aUIrqYylTYhJS48AfdMpfo+7M=">AAACBnicbVDLSgNBEJz1bXytehRhMAgeJOyqoMegF48K5gHZJcxOOjo4M7vM9IphycmLv+LFgyJe/QZv/o2Tx0GjBQ1FVTfdXUkmhcUg+PKmpmdm5+YXFktLyyura/76Rt2mueFQ46lMTTNhFqTQUEOBEpqZAaYSCY3k9mzgN+7AWJHqK+xlECt2rUVXcIZOavvbqh3pnEYSrLVC0bASRvsRwj0WUO+3/XJQCYagf0k4JmUyxkXb/4w6Kc8VaOSSWdsKgwzjghkUXEK/FOUWMsZv2TW0HNVMgY2L4Rt9uuuUDu2mxpVGOlR/ThRMWdtTietUDG/spDcQ//NaOXZP4kLoLEfQfLSom0uKKR1kQjvCAEfZc4RxI9ytlN8wwzi65EouhHDy5b+kflAJDyvB5VG5ejqOY4FskR2yR0JyTKrknFyQGuHkgTyRF/LqPXrP3pv3Pmqd8sYzm+QXvI9vUNiYYg==</latexit>

X
m⌫ . 0.3 eV

<latexit sha1_base64="5wliZw3xGOU3TyNytung3kUxGNs=">AAACC3icbVA9SwNBEN2LXzF+RS1tFoNgIeFOBS1FG8sIJgq549jbTJIlu3vH7pwYjvQ2/hUbC0Vs/QN2/hs3MYVfDwYe780wMy/JpLDo+x9eaWZ2bn6hvFhZWl5ZXauub7RsmhsOTZ7K1FwnzIIUGpooUMJ1ZoCpRMJVMjgb+1c3YKxI9SUOM4gU62nRFZyhk+LqdmhzRVUc6pyGEqy1QlG/fhDuhQi3WEBrFFdrft2fgP4lwZTUyBSNuPoedlKeK9DIJbO2HfgZRgUzKLiEUSXMLWSMD1gP2o5qpsBGxeSXEd1xSod2U+NKI52o3ycKpqwdqsR1KoZ9+9sbi/957Ry7x1EhdJYjaP61qJtLiikdB0M7wgBHOXSEcSPcrZT3mWEcXXwVF0Lw++W/pLVfDw7q/sVh7eR0GkeZbJFtsksCckROyDlpkCbh5I48kCfy7N17j96L9/rVWvKmM5vkB7y3TwZtmmY=</latexit>

dynamic bound:

[arXiv: 1909.06048]

[arXiv: 1811.02578]

(1)

(2)

(3)

(4)
| ✏↵↵11S,P,T |. 10�3(10�4)

<latexit sha1_base64="bvoKdZ1EYRNJnfXYhKLVm+xZTJU="></latexit>

| ✏↵↵22S,P,T |. 10�5(10�6)
<latexit sha1_base64="X+upEBvpqh/wbEaTtvhurmZLpjc="></latexit>

| ✏↵↵33S,P,T |. 10�10(10�11)
<latexit sha1_base64="iPmnpiKc6m6NxLaaZ69HXTf0WPE="></latexit>
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Charged pion decay

Electron decay channel of charged pion decay is very sensitive to the GNI

{⇡+
<latexit sha1_base64="+Ve8wb6gAuJRkZvFN0PIqBYax4Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEqigh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3kXVvb+s1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AGy0jmw=</latexit>

e+/µ+
<latexit sha1_base64="vOHF6NwreU7HloswpdNOdMtMDFQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBKNRdFfRY9OKxgv2QdluyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5RpVkkH8w4pr7AA8lCRrCx0iPtls86IumWe8WSW3FnQMvEy0gJMtR6xa9OPyKJoNIQjrVue25s/BQrwwink0In0TTGZIQHtG2pxIJqP50dPEEnVumjMFK2pEEz9fdEioXWYxHYToHNUC96U/E/r52Y8NpPmYwTQyWZLwoTjkyEpt+jPlOUGD62BBPF7K2IDLHCxNiMCjYEb/HlZdI4r3gXFff+slS9yeLIwxEcwyl4cAVVuIMa1IGAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QPF3I+6</latexit>

⌫e/⌫µ
<latexit sha1_base64="gFd00EwR3/rE5hnhBHWBou45gRA=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFc1UQFXRbduKxgH9CEMplO2qGTSZxHoYR+hxsXirj1Y9z5N07aLLT1wL0czrmXuXPClDOlXffbWVldW9/YLG2Vt3d29/YrB4ctlRhJaJMkPJGdECvKmaBNzTSnnVRSHIectsPRXe63x1QqlohHPUlpEOOBYBEjWFsp8IXp0fO8+7HpVapuzZ0BLROvIFUo0OhVvvx+QkxMhSYcK9X13FQHGZaaEU6nZd8ommIywgPatVTgmKogmx09RadW6aMokbaERjP190aGY6UmcWgnY6yHatHLxf+8rtHRTZAxkRpNBZk/FBmOdILyBFCfSUo0n1iCiWT2VkSGWGKibU5lG4K3+OVl0rqoeZc19+GqWr8t4ijBMZzAGXhwDXW4hwY0gcATPMMrvDlj58V5dz7moytOsXMEf+B8/gCzvpIM</latexit>

�`
GNI,P(P ! `↵⌫) / (✏↵↵11P,du )

2 m4
⇡

(mu +md)2
<latexit sha1_base64="rWXbQEP89Yx/EXHS/79iBaHRZ/A="></latexit>

�`
SM(P ! `↵⌫) / m2

`
<latexit sha1_base64="ZN4k2Xh2kYxI6F9kEYGPy6al1Eo="></latexit>

�`
GNI,P

�`
SM

= (✏↵↵11p,du )2
m4

⇡

m2
`(mu +md)2

<latexit sha1_base64="uo8hFLDyukAtdB9kEDBtFvmBUdE="></latexit>

90% C.L. bounds on the individual SMNEFT WCs by setting the other two to zero 
 

| Cµµ11
LNuq |< 1.5⇥ 10�3, | Cµµ11

LNqd |< 1.5⇥ 10�3, | C 0µµ11
LNqd |< 1.7⇥ 10�2

<latexit sha1_base64="6tGErzwelwFax31/M2+zw1t9WnI="></latexit>

| Cee11
LNuq |< 3.3⇥ 10�6, | Cee11

LNqd |< 3.4⇥ 10�6, | C 0ee11
LNqd |< 3.9⇥ 10�5

<latexit sha1_base64="y+TdoTDuc4WDaWpMP9j6DT6nKUw="></latexit>

(1)

(2)

(3)

(4)
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Coherent Elastic Neutrino-Nucleus Scattering (CEνNS)

When the momentum exchanged is smaller than 
the inverse of the nuclear size,

the probability of interaction would be 
enhanced by the square of the number 
of neutrons in the nucleus.

1

E⌫
⇠ 10�14m ! E⌫ ⇠ 20MeV

<latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="abjKgGRV7rbcHTOY6o0sLcWk7V4=">AAACIHicbZBLSwMxFIXv+LZWrW7dBIvgxpIUQZeiCG4EBVuFTi2ZNNOGJpkhyShlmP/jxr/iQhc+8MeYPha+LgQO55yQ3C9KpbAO4/dgZnZufmFxabm0Ul5dW69slJs2yQzjDZbIxNxE1HIpNG844SS/SQ2nKpL8OhqcjPLrO26sSPSVG6a8rWhPi1gw6rzVqRyHsaEsJ0V+2gl1VqDQCoUIvs33yH6BFAqN6PUdNSa5R+PKpFHHPlH5OW8WnUoV1/B40F9BpqIK07noVJ7DbsIyxbVjklrbIjh17ZwaJ5jkRSnMLE8pG9Aeb3mpqeK2nY93LdCOd7ooTow/2qGx+/1GTpW1QxX5pqKub39nI/O/rJW5+LCdC51mjms2eSjOJHIJGoFDXWE4c3LoBWVG+L8i1qcenvN4Sx4C+b3yX9Gs1wiukUsMS7AF27ALBA7gCM7gAhrA4AGe4BXegsfgJfiY4JoJptw24ccEn18F1KTK</latexit><latexit sha1_base64="abjKgGRV7rbcHTOY6o0sLcWk7V4=">AAACIHicbZBLSwMxFIXv+LZWrW7dBIvgxpIUQZeiCG4EBVuFTi2ZNNOGJpkhyShlmP/jxr/iQhc+8MeYPha+LgQO55yQ3C9KpbAO4/dgZnZufmFxabm0Ul5dW69slJs2yQzjDZbIxNxE1HIpNG844SS/SQ2nKpL8OhqcjPLrO26sSPSVG6a8rWhPi1gw6rzVqRyHsaEsJ0V+2gl1VqDQCoUIvs33yH6BFAqN6PUdNSa5R+PKpFHHPlH5OW8WnUoV1/B40F9BpqIK07noVJ7DbsIyxbVjklrbIjh17ZwaJ5jkRSnMLE8pG9Aeb3mpqeK2nY93LdCOd7ooTow/2qGx+/1GTpW1QxX5pqKub39nI/O/rJW5+LCdC51mjms2eSjOJHIJGoFDXWE4c3LoBWVG+L8i1qcenvN4Sx4C+b3yX9Gs1wiukUsMS7AF27ALBA7gCM7gAhrA4AGe4BXegsfgJfiY4JoJptw24ccEn18F1KTK</latexit><latexit sha1_base64="PZi/Pn3c/MCLT5CU8KV/AiRvGbI="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit><latexit sha1_base64="lkDfKajYQqk5BYEwKSdPPkm0OpM="></latexit>

Er ⇠ E2
⌫

MLAr
⇠ 10 KeV

<latexit sha1_base64="RI8QUMonwZNpLvEQ9aN2nvRzMqU="></latexit>

[arxiv:1708.01294]
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⇡+ ! µ+ + ⌫µ
<latexit sha1_base64="5o001qp9DzNZuHNrPSeAQKWpen4=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CIJREBF0W3bisYC/QxDCZTtqhk5kwF6WErt34Km5cKOLWJ3Dn2zhts9DWHwZ+vnMOZ84fZ4wq7XnfzsLi0vLKammtvL6xubXt7uw2lTASkwYWTMh2jBRhlJOGppqRdiYJSmNGWvHgalxv3ROpqOC3epiRMEU9ThOKkbYocg+CjN6dwEDSXl8jKcUDDFJjiWXcRNZHbsWrehPBeeMXpgIK1SP3K+gKbFLCNWZIqY7vZTrMkdQUMzIqB0aRDOEB6pGOtRylRIX55JQRPLKkCxMh7eMaTujviRylSg3T2HamSPfVbG0M/6t1jE4uwpzyzGjC8XRRYhjUAo5zgV0qCdZsaA3Cktq/QtxHEmFt0yvbEPzZk+dN87Tqe1X/5qxSuyziKIF9cAiOgQ/OQQ1cgzpoAAwewTN4BW/Ok/PivDsf09YFp5jZA3/kfP4AwJaZpg==</latexit><latexit sha1_base64="5o001qp9DzNZuHNrPSeAQKWpen4=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CIJREBF0W3bisYC/QxDCZTtqhk5kwF6WErt34Km5cKOLWJ3Dn2zhts9DWHwZ+vnMOZ84fZ4wq7XnfzsLi0vLKammtvL6xubXt7uw2lTASkwYWTMh2jBRhlJOGppqRdiYJSmNGWvHgalxv3ROpqOC3epiRMEU9ThOKkbYocg+CjN6dwEDSXl8jKcUDDFJjiWXcRNZHbsWrehPBeeMXpgIK1SP3K+gKbFLCNWZIqY7vZTrMkdQUMzIqB0aRDOEB6pGOtRylRIX55JQRPLKkCxMh7eMaTujviRylSg3T2HamSPfVbG0M/6t1jE4uwpzyzGjC8XRRYhjUAo5zgV0qCdZsaA3Cktq/QtxHEmFt0yvbEPzZk+dN87Tqe1X/5qxSuyziKIF9cAiOgQ/OQQ1cgzpoAAwewTN4BW/Ok/PivDsf09YFp5jZA3/kfP4AwJaZpg==</latexit><latexit sha1_base64="5o001qp9DzNZuHNrPSeAQKWpen4=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CIJREBF0W3bisYC/QxDCZTtqhk5kwF6WErt34Km5cKOLWJ3Dn2zhts9DWHwZ+vnMOZ84fZ4wq7XnfzsLi0vLKammtvL6xubXt7uw2lTASkwYWTMh2jBRhlJOGppqRdiYJSmNGWvHgalxv3ROpqOC3epiRMEU9ThOKkbYocg+CjN6dwEDSXl8jKcUDDFJjiWXcRNZHbsWrehPBeeMXpgIK1SP3K+gKbFLCNWZIqY7vZTrMkdQUMzIqB0aRDOEB6pGOtRylRIX55JQRPLKkCxMh7eMaTujviRylSg3T2HamSPfVbG0M/6t1jE4uwpzyzGjC8XRRYhjUAo5zgV0qCdZsaA3Cktq/QtxHEmFt0yvbEPzZk+dN87Tqe1X/5qxSuyziKIF9cAiOgQ/OQQ1cgzpoAAwewTN4BW/Ok/PivDsf09YFp5jZA3/kfP4AwJaZpg==</latexit><latexit sha1_base64="5o001qp9DzNZuHNrPSeAQKWpen4=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CIJREBF0W3bisYC/QxDCZTtqhk5kwF6WErt34Km5cKOLWJ3Dn2zhts9DWHwZ+vnMOZ84fZ4wq7XnfzsLi0vLKammtvL6xubXt7uw2lTASkwYWTMh2jBRhlJOGppqRdiYJSmNGWvHgalxv3ROpqOC3epiRMEU9ThOKkbYocg+CjN6dwEDSXl8jKcUDDFJjiWXcRNZHbsWrehPBeeMXpgIK1SP3K+gKbFLCNWZIqY7vZTrMkdQUMzIqB0aRDOEB6pGOtRylRIX55JQRPLKkCxMh7eMaTujviRylSg3T2HamSPfVbG0M/6t1jE4uwpzyzGjC8XRRYhjUAo5zgV0qCdZsaA3Cktq/QtxHEmFt0yvbEPzZk+dN87Tqe1X/5qxSuyziKIF9cAiOgQ/OQQ1cgzpoAAwewTN4BW/Ok/PivDsf09YFp5jZA3/kfP4AwJaZpg==</latexit>

prompt neutrino

e+ + ⌫̄µ + ⌫e
<latexit sha1_base64="LQlMmbyhijByWP7QybfUePpvaS4=">AAACAHicbZDLSsNAFIYn9VbrrerChZtgEYRCSUTQZdGNywr2Ak0Mk+lJO3RmEmYmQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHyaMKu0431ZpZXVtfaO8Wdna3tndq+4fdFScSgJtErNY9kKsgFEBbU01g14iAfOQQTcc30zr3UeQisbiXk8S8DkeChpRgrWxguoRPNTrXohl5ok0Dzye1g0EEFRrTsOZyV4Gt4AaKtQKql/eICYpB6EJw0r1XSfRfoalpoRBXvFSBQkmYzyEvkGBOSg/mx2Q26fGGdhRLM0T2p65vycyzJWa8NB0cqxHarE2Nf+r9VMdXfkZFUmqQZD5oihlto7taRr2gEogmk0MYCKp+atNRlhiok1mFROCu3jyMnTOG67TcO8uas3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufcxbS1Yxc4j+yPr8AVgFlj0=</latexit><latexit sha1_base64="LQlMmbyhijByWP7QybfUePpvaS4=">AAACAHicbZDLSsNAFIYn9VbrrerChZtgEYRCSUTQZdGNywr2Ak0Mk+lJO3RmEmYmQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHyaMKu0431ZpZXVtfaO8Wdna3tndq+4fdFScSgJtErNY9kKsgFEBbU01g14iAfOQQTcc30zr3UeQisbiXk8S8DkeChpRgrWxguoRPNTrXohl5ok0Dzye1g0EEFRrTsOZyV4Gt4AaKtQKql/eICYpB6EJw0r1XSfRfoalpoRBXvFSBQkmYzyEvkGBOSg/mx2Q26fGGdhRLM0T2p65vycyzJWa8NB0cqxHarE2Nf+r9VMdXfkZFUmqQZD5oihlto7taRr2gEogmk0MYCKp+atNRlhiok1mFROCu3jyMnTOG67TcO8uas3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufcxbS1Yxc4j+yPr8AVgFlj0=</latexit><latexit sha1_base64="LQlMmbyhijByWP7QybfUePpvaS4=">AAACAHicbZDLSsNAFIYn9VbrrerChZtgEYRCSUTQZdGNywr2Ak0Mk+lJO3RmEmYmQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHyaMKu0431ZpZXVtfaO8Wdna3tndq+4fdFScSgJtErNY9kKsgFEBbU01g14iAfOQQTcc30zr3UeQisbiXk8S8DkeChpRgrWxguoRPNTrXohl5ok0Dzye1g0EEFRrTsOZyV4Gt4AaKtQKql/eICYpB6EJw0r1XSfRfoalpoRBXvFSBQkmYzyEvkGBOSg/mx2Q26fGGdhRLM0T2p65vycyzJWa8NB0cqxHarE2Nf+r9VMdXfkZFUmqQZD5oihlto7taRr2gEogmk0MYCKp+atNRlhiok1mFROCu3jyMnTOG67TcO8uas3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufcxbS1Yxc4j+yPr8AVgFlj0=</latexit><latexit sha1_base64="LQlMmbyhijByWP7QybfUePpvaS4=">AAACAHicbZDLSsNAFIYn9VbrrerChZtgEYRCSUTQZdGNywr2Ak0Mk+lJO3RmEmYmQgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHyaMKu0431ZpZXVtfaO8Wdna3tndq+4fdFScSgJtErNY9kKsgFEBbU01g14iAfOQQTcc30zr3UeQisbiXk8S8DkeChpRgrWxguoRPNTrXohl5ok0Dzye1g0EEFRrTsOZyV4Gt4AaKtQKql/eICYpB6EJw0r1XSfRfoalpoRBXvFSBQkmYzyEvkGBOSg/mx2Q26fGGdhRLM0T2p65vycyzJWa8NB0cqxHarE2Nf+r9VMdXfkZFUmqQZD5oihlto7taRr2gEogmk0MYCKp+atNRlhiok1mFROCu3jyMnTOG67TcO8uas3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufcxbS1Yxc4j+yPr8AVgFlj0=</latexit>

delayed neutrino

Temporal distribution

�⌫µ(E⌫) = N�(E⌫ �
m2

⇡ �m2
µ

2m⇡
)

<latexit sha1_base64="JU6LHU0qH4cUPnqPHbEH35ycH0M="></latexit><latexit sha1_base64="JU6LHU0qH4cUPnqPHbEH35ycH0M="></latexit><latexit sha1_base64="JU6LHU0qH4cUPnqPHbEH35ycH0M="></latexit><latexit sha1_base64="JU6LHU0qH4cUPnqPHbEH35ycH0M="></latexit>

Energy distribution

�⌫̄µ(E⌫) = N
64E2

⌫

m3
µ

(
3

4
� E⌫

mµ
)

<latexit sha1_base64="jygO3xySjO9FBT59ScaCDqbqUTA="></latexit><latexit sha1_base64="jygO3xySjO9FBT59ScaCDqbqUTA="></latexit><latexit sha1_base64="jygO3xySjO9FBT59ScaCDqbqUTA="></latexit><latexit sha1_base64="jygO3xySjO9FBT59ScaCDqbqUTA="></latexit>

�⌫e(E⌫) = N
192E2

⌫

m3
µ

(
1

2
� E⌫

mµ
)

<latexit sha1_base64="GYIkcgk/g2aNNU3/W1B/uuCZNmA="></latexit><latexit sha1_base64="GYIkcgk/g2aNNU3/W1B/uuCZNmA="></latexit><latexit sha1_base64="GYIkcgk/g2aNNU3/W1B/uuCZNmA="></latexit><latexit sha1_base64="GYIkcgk/g2aNNU3/W1B/uuCZNmA="></latexit>

[arxiv:1708.01294]

[arxiv:1804.09459]
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Collider Constraints

pp colliders: 
charged lepton + MET

ep colliders:
jet + MET
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Collider Constraints

LHeC is much more sensitive to the tensor interactions 

Interference between scalar and tensor interactions

At LHC : �̂T /�̂S = 16/3,

At LHeC : �̂T /�̂S = 112.
<latexit sha1_base64="L7e4fzYF6qmtL60FoklgBLB+l5w="></latexit>

0

(1)

(2)

(3)
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Current bounds from the LHC

[arXiv:1906.05609]

90% C.L. bounds on LNP(HNP):

Two scenarios:
• Low-scale NP (LNP): use the distributions below 800 GeV
• High-scale NP (HNP): use the whole distributions

 

s
LNP

HNP
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Projections from the HL-LHC and LHeC
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HL-LHC 90% C.L. bounds with            on LNP (HNP)3 ab�1
<latexit sha1_base64="F21s34qBp+DTy+AZbL+mw3cBL8A=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcaEmsoMuiG5cV7AOaWCbTSTt0MgkzN9IS8ituXCji1h9x5984fSy09cCFwzn3cu89QSK4Bsf5tlZW19Y3Ngtbxe2d3b19+6DU1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMbyd+64kpzWP5AOOE+RHpSx5ySsBIXbtU9c6wB2wEGQnyx+zczbt22ak4U+Bl4s5JGc1R79pfXi+macQkUEG07rhOAn5GFHAqWF70Us0SQoekzzqGShIx7WfT23N8YpQeDmNlSgKeqr8nMhJpPY4C0xkRGOhFbyL+53VSCK/9jMskBSbpbFGYCgwxngSBe1wxCmJsCKGKm1sxHRBFKJi4iiYEd/HlZdK8qLjVinN/Wa7dzOMooCN0jE6Ri65QDd2hOmogikboGb2iNyu3Xqx362PWumLNZw7RH1ifPwuWk8w=</latexit>

LHeC 90% C.L. bounds with           3 ab�1
<latexit sha1_base64="F21s34qBp+DTy+AZbL+mw3cBL8A=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcaEmsoMuiG5cV7AOaWCbTSTt0MgkzN9IS8ituXCji1h9x5984fSy09cCFwzn3cu89QSK4Bsf5tlZW19Y3Ngtbxe2d3b19+6DU1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMbyd+64kpzWP5AOOE+RHpSx5ySsBIXbtU9c6wB2wEGQnyx+zczbt22ak4U+Bl4s5JGc1R79pfXi+macQkUEG07rhOAn5GFHAqWF70Us0SQoekzzqGShIx7WfT23N8YpQeDmNlSgKeqr8nMhJpPY4C0xkRGOhFbyL+53VSCK/9jMskBSbpbFGYCgwxngSBe1wxCmJsCKGKm1sxHRBFKJi4iiYEd/HlZdK8qLjVinN/Wa7dzOMooCN0jE6Ri65QDd2hOmogikboGb2iNyu3Xqx362PWumLNZw7RH1ifPwuWk8w=</latexit>

| Cee11
NLQu | < 2.3 (0.28)⇥ 10�3, | Cµµ11

NLQu |< 2.7 (0.28)⇥ 10�3,

| Cee11
NLdQ | < 2.4 (0.28)⇥ 10�3, | Cµµ11

NLdQ |< 2.8 (0.29)⇥ 10�3,

| C 0ee11
NLdQ | < 1.1 (0.18)⇥ 10�3, | C 0µµ11

NLdQ |< 1.3 (0.18)⇥ 10�3
<latexit sha1_base64="cikAiXczYhTgzb6AneNFDvtO5RQ="></latexit>

| Cee11
NLQu | < 3.9⇥ 10�3,

| Cee11
NLdQ | < 6.1⇥ 10�3,

| C 0ee11
NLdQ | < 0.58⇥ 10�3

<latexit sha1_base64="hTExur+4Wcxdy4Ax6eTcKjm6ri0=">AAACoXicfVFdSxtBFJ3d2qrpV1ofBRkaWvrQLjuN9QN8EPVBoZWkNCpkY5idvYmDs7PLzF0hLPu//B2++W+cxIW2ifTCwOGce+69c2+cK2kxDO89/9nS8xfLK6uNl69ev3nbfPf+zGaFEdATmcrMRcwtKKmhhxIVXOQGeBorOI+vD6f6+Q0YKzP9Gyc5DFI+1nIkBUdHDZu3UQxjqUvrmmHViFKZ0MPLEoCxalie/ugWFZ2Rn/ZoO9ilNEKZgqUsvCy/tqsvUbToSbp/PFsB+48lyo2T6JPOMPi+M2dtRKCTetRhsxUG4SzoImA1aJE6OsPmXZRkokhBo1Dc2j4LcxyU3KAUClztwkLOxTUfQ99BzV3jQTnbcEU/Oiaho8y4p5HO2L8dJU+tnaSxy0w5Xtl5bUo+pfULHO0MSqnzAkGLx0ajQlHM6PRcNJEGBKqJA1wY6Wa l4oobLtAdteGWwOa/vAjOvgWsHYTdzdb+Qb2OFbJOPpDPhJFtsk+OSYf0iPA2vCPvp3fqt/wTv+P/ekz1vdqzRv4Jv/8AqnzGwA==</latexit>
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Results
Current 90% C.L. bounds on the SMNEFT WCs at 1 TeV

Future 90% C.L. bounds on the SMNEFT WCs at 1 TeV
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Results
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• Low-energy probes and 
high-energy colliders are 
complementary
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• Neutrino mass bounds indicate that the SMNEFT operators involving the second and third families 
of quarks are highly constrained. This conclusion, however, is model-dependent and can be 
evaded. 

• Low-energy probes and high-energy colliders are complementary. 

• Charged pion decay is extremely sensitive to the LEFT pseudoscalar operators. With the 
assumption of only one nonzero operator at a time, the bounds on the electron flavor are at the 
10−6 level.

• The strongest current bounds on the three SMNEFT operators are from LHC charged lepton 
+missing transverse momentum, and are at the 10−4 − 10−3 level depending on the energy range 
of validity of the EFT. 

• HL-LHC can improve the bounds by a factor of a few and reach 10−4 in the HNP case

• A future COHERENT experiment with LAr can set strong bounds on the scalar operators, 
comparable with that from the HL-LHC with the LNP assumption, especially when the muon flavor is 
involved. 

• LHeC will be important to study tensor interactions involving the electron flavor, and can place 
bounds at the 10−4 level.  

Thanks!

Conclusions
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Back-up slides
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SM Neutrino Interactions

LNC
SM = �GFp

2
(�↵����)(⌫̄↵�µ(1� �5)⌫�)(gL,f f̄��

µ(1� �5)f� + gR,f f̄��
µ(1� �5)f�),

<latexit sha1_base64="N4om0KKRa5NLH2JVEcqV03K0iFY="></latexit>

f e u d

gL,f
<latexit sha1_base64="0Qvi4wXmJw+O4fgHv/91VftaTmI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBS2DNhYWEcwHJEfY2+wlS/b2jt05IRz5ETYWitj6e+z8N26SKzTxwcDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ79VtPXBsRq0ccJ9yP6ECJUDCKVmoNetn9WTjplStu1Z2BLBMvJxXIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+Njt3Qk6s0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhtZ8JlaTIFZsvClNJMCbT30lfaM5Qji2hTAt7K2FDqilDm1DJhuAtvrxMmudV76LqPlxWajd5HEU4gmM4BQ+uoAZ3UIcGMBjBM7zCm5M4L8678zFvLTj5zCH8gfP5AwsHj14=</latexit>

gR,f
<latexit sha1_base64="EfCvV6R2K97hJH9XbNadZX6CK+Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrtQa97OEsnPTKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibN86p3UXXvLyu1mzyOIhzBMZyCB1dQgzuoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBFDGPZA==</latexit>

�1

2
+ sin2 ✓W

<latexit sha1_base64="khLIXrJ0ChI7Bdq/HtCUt0yqjeU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgiCWpgi6LblxWsA9oYplMJ+3QySTM3AglZOXGX3HjQhG3foM7/8bpY6HVAxcO59zLvfcEieAaHOfLKiwsLi2vFFdLa+sbm1v29k5Tx6mirEFjEat2QDQTXLIGcBCsnShGokCwVjC8Gvute6Y0j+UtjBLmR6QvecgpASN17f0TL1SEZm6eVXN8jD3N5V3VgwED0m117bJTcSbAf4k7I2U0Q71rf3q9mKYRk0AF0brjOgn4GVHAqWB5yUs1Swgdkj7rGCpJxLSfTd7I8aFRejiMlSkJeKL+nMhIpPUoCkxnRGCg572x+J/XSSG88DMukxSYpNNFYSowxHicCe5xxSiIkSGEKm5uxXRATCxgkiuZENz5l/+SZrXinlacm7Ny7XIWRxHtoQN0hFx0jmroGtVRA1H0gJ7QC3q1Hq1n6816n7YWrNnMLvoF6+Mbzr2YEA==</latexit>

�1

2
+

1

3
sin2 ✓W

<latexit sha1_base64="S/y24ftRw8ldjFmN0dnQ7OkpBUA=">AAACEnicbVDLSgMxFM34rPU16tJNsAiKWGZaQZdFNy4r2Ad0asmkmTY0kxmSO0IZ5hvc+CtuXCji1pU7/8b0gWjrgQsn59xL7j1+LLgGx/myFhaXlldWc2v59Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9cjfzGPVOaR/IWhjFrh6QnecApASN17ONTL1CEpm6WljJ8gn9e5Qx7msu7kgd9BqTT6NgFp+iMgeeJOyUFNEW1Y3963YgmIZNABdG65ToxtFOigFPBsryXaBYTOiA91jJUkpDpdjo+KcOHRuniIFKmJOCx+nsiJaHWw9A3nSGBvp71RuJ/XiuB4KKdchknwCSdfBQkAkOER/ngLleMghgaQqjiZldM+8SEAibFvAnBnT15ntRLRbdcdG7OCpXLaRw5tI8O0BFy0TmqoGtURTVE0QN6Qi/o1Xq0nq03633SumBNZ/bQH1gf39SWnPQ=</latexit>

1

2
� 2

3
sin2 ✓W

<latexit sha1_base64="/+BdYckHxLIbARVJ5KpDyu4+QN0=">AAACEXicbVC7TsMwFHV4lvIqMLJYVEhdqJIWCcYKFsYi0YfUhMhxndaq40T2DVIV5RdY+BUWBhBiZWPjb3AfA7Qc6UrH59wr33uCRHANtv1trayurW9sFraK2zu7e/ulg8O2jlNFWYvGIlbdgGgmuGQt4CBYN1GMRIFgnWB0PfE7D0xpHss7GCfMi8hA8pBTAkbySxU3VIRmTp7VcnyGZ69antVz7Gou72suDBkQv+OXynbVngIvE2dOymiOpl/6cvsxTSMmgQqidc+xE/AyooBTwfKim2qWEDoiA9YzVJKIaS+bXpTjU6P0cRgrUxLwVP09kZFI63EUmM6IwFAvehPxP6+XQnjpZVwmKTBJZx+FqcAQ40k8uM8VoyDGhhCquNkV0yExoYAJsWhCcBZPXibtWtWpV+3b83Ljah5HAR2jE1RBDrpADXSDmqiFKHpEz+gVvVlP1ov1bn3MWles+cwR+gPr8wdo3pzA</latexit>

sin2 ✓W
<latexit sha1_base64="oPcnyTKWxRqS3/0UOi+bGr1PqKI=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0GPRi8cK9gOatGy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ThVDJosFrHqBFSD4BKayFFAJ1FAo0BAOxjfzvz2IyjNY/mAkwT8iA4lDzmjaKSep7ns1TwcAdJ+u1+uOFVnDnuVuDmpkByNfvnLG8QsjUAiE1Trrusk6GdUIWcCpiUv1ZBQNqZD6BoqaQTaz+ZXT+0zowzsMFamJNpz9fdERiOtJ1FgOiOKI73szcT/vG6K4bWfcZmkCJItFoWpsDG2ZxHYA66AoZgYQpni5labjaiiDE1QJROCu/zyKmnVqu5F1bm/rNRv8jiK5IScknPikitSJ3ekQZqEEUWeySt5s56sF+vd+li0Fqx85pj8gfX5A1dTkmY=</latexit>

�2

3
sin2 ✓W

<latexit sha1_base64="TQaQb34LiqP7dEIjkxof3dZjavs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJW0GXRjcsK9gFNDJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zh9LLT1wIXDOfdy7z1hKrgGx/m2lpZXVtfWCxvFza3tnV17b7+pk0xR1qCJSFQ7JJoJLlkDOAjWThUjcShYKxxcj/3WA1OaJ/IOhinzY9KTPOKUgJEC+wifYS9ShOaVUV4dYU9zeV/xoM+ABK3ALjllZwK8SNwZKaEZ6oH95XUTmsVMAhVE647rpODnRAGngo2KXqZZSuiA9FjHUElipv188sYInxili6NEmZKAJ+rviZzEWg/j0HTGBPp63huL/3mdDKJLP+cyzYBJOl0UZQJDgseZ4C5XjIIYGkKo4uZWTPvEhAImuaIJwZ1/eZE0K2W3WnZuz0u1q1kcBXSIjtEpctEFqqEbVEcNRNEjekav6M16sl6sd+tj2rpkzWYO0B9Ynz+6tJgH</latexit>

1

3
sin2 ✓W

<latexit sha1_base64="ggSmogu9gUvdfXUQd4T8h2lbYHk=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyVpBT0WvXisYD+giWWz3bRLN5uwOxFKKHjxr3jxoIhX/4Q3/43bNgdtfTDweG+GmXlBIrgGx/m2Ciura+sbxc3S1vbO7p69f9DScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYyup377gSnNY3kH44T5ERlIHnJKwEg9+8gLFaGZO8lqE+xpLu+rHgwZkF67Z5edijMDXiZuTsooR6Nnf3n9mKYRk0AF0brrOgn4GVHAqWCTkpdqlhA6IgPWNVSSiGk/m/0wwadG6eMwVqYk4Jn6eyIjkdbjKDCdEYGhXvSm4n9eN4Xw0s+4TFJgks4XhanAEONpILjPFaMgxoYQqri5FdMhMaGAia1kQnAXX14mrWrFrVWc2/Ny/SqPo4iO0Qk6Qy66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFsLVj5ziP7A+vwBmLaXew==</latexit>

LCC
SM = �GFp

2
V��(�

↵�)(¯̀↵�µ(1� �5)⌫�)(f̄��
µ(1� �5)f

0
�)

<latexit sha1_base64="NaLTBzA/IudL+OfgjUDOVeMQZEs="></latexit>
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Tree-level Matching

Matching is performed at the weak scale

{CC

{NC

• Both neutral and charged current interactions are induced by each of the three 
SMNEFT operators. 
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Matching and Running

After the integration
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Neutrino Deep Inelastic Scattering

CHARM Re ⌘ �(⌫eN ! ⌫X) + �(⌫eN ! ⌫X)

�(⌫eN ! e�X) + �(⌫eN ! e+X)
= 0.406± 0.140

<latexit sha1_base64="4I2EuB7z19X/Xfz3kZO1Gjaft/U="></latexit>

g2L = g2L,u + g2L,d, g2R = g2R,u + g2R,d.
<latexit sha1_base64="yyNqf6HcGa8QyJj96ErbmExeqm0=">AAACLHicbZDLSsNAFIYn9VbrLerSzWARBEtJqqAbodiNiy5qsRdoY5hMpu3QycWZiVBCH8iNryKIC4u49TmcphFq64GBj//8hzPnd0JGhTSMiZZZWV1b38hu5ra2d3b39P2DpggijkkDByzgbQcJwqhPGpJKRtohJ8hzGGk5w8q033oiXNDAv5ejkFge6vu0RzGSSrL1St+uPpTgNezbcbUQjRWfzdhVXOg+RsiFSqj/mupzpnpiKtp63igaScFlMFPIg7Rqtv7WdQMcecSXmCEhOqYRSitGXFLMyDjXjQQJER6iPuko9JFHhBUnx47hiVJc2Au4er6EiTo/ESNPiJHnKKeH5EAs9qbif71OJHtXVkz9MJLEx7NFvYhBGcBpctClnGDJRgoQ5lT9FeIB4ghLlW9OhWAunrwMzVLRPC8adxf58k0aRxYcgWNwCkxwCcrgFtRAA2DwDF7BB5hoL9q79ql9zawZLZ05BH9K+/4BGHuj3A==</latexit>

GNI prediction:

Bound:

Assumptions: isoscalar target, free nucleons
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Neutrino Deep Inelastic Scattering

NuTeV R⌫ ⌘ �(⌫µN ! ⌫X)

�(⌫N ! µ�X)
= 0.3916± 0.0013

<latexit sha1_base64="1cLIHUPf5ffj3xcLtgdWmUZ+4Mo="></latexit>

R⌫ ⌘ �(⌫µN ! ⌫X)

�(⌫N ! µ+X)
= 0.4050± 0.0027

<latexit sha1_base64="TQzniAzYfcI0sn3xxXzi6+NT0ZM="></latexit>

NGI prediction:

90% C.L. bounds:

R⌫
SM = 0.32(0.3950)

<latexit sha1_base64="3f3v6MKFFehDCuHkq9C14ReTg5g=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbspMq6gLoejGjVAffUA7Dpk004ZmMkOSEcpQcOOvuHGhiFt/wp1/Y9rOQlsP3MvhnHtJ7vEiRqWyrG8jMze/sLiUXc6trK6tb5ibW3UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeP2Lkd94IELSkN+pQUScAHU59SlGSkuuuXNz3+axm9xeDeEZtIrlEizofnpkHbhm3ipaY8BZYqckD1JUXfOr3QlxHBCuMENStmwrUk6ChKKYkWGuHUsSIdxHXdLSlKOASCcZ3zCE+1rpQD8UuriCY/X3RoICKQeBpycDpHpy2huJ/3mtWPknTkJ5FCvC8eQhP2ZQhXAUCOxQQbBiA00QFlT/FeIeEggrHVtOh2BPnzxL6qWiXS5a14f5ynkaRxbsgj1QADY4BhVwCaqgBjB4BM/gFbwZT8aL8W58TEYzRrqzDf7A+PwB8AWUdw==</latexit>

R⌫
SM = 0.37(0.4066)

<latexit sha1_base64="TKksOJTZ8KzvF4qUvjyPPPWG6+Y=">AAACEHicbVBLSwMxGMzWV62vVY9egkWslyVrS+tFKHrxItRHH9DWkk3TNjSbXZKsUJb9CV78K148KOLVozf/jenjoNWBwDAzX5JvvJAzpRH6slILi0vLK+nVzNr6xuaWvb1TU0EkCa2SgAey4WFFORO0qpnmtBFKin2P07o3PB/79XsqFQvErR6FtO3jvmA9RrA2Usc+vL6LW4FJjC+IWyJKkk58c5nAU4icfAnmkFNAxeJRx84iB00A/xJ3RrJghkrH/mx1AxL5VGjCsVJNF4W6HWOpGeE0ybQiRUNMhrhPm4YK7FPVjicLJfDAKF3YC6Q5QsOJ+nMixr5SI98zSR/rgZr3xuJ/XjPSvZN2zEQYaSrI9KFexKEO4Lgd2GWSEs1HhmAimfkrJAMsMdGmw4wpwZ1f+S+pHTtu3kFXhWz5bFZHGuyBfZADLiiBMrgAFVAFBDyAJ/ACXq1H69l6s96n0ZQ1m9kFv2B9fAMsXZqt</latexit>

Our SM values (SM values after including charge asymmetry corrections, nuclear corrections…)

[W. Bentz, I. C. Cloet, J. T. Londergan, A. W. Thomas, 0908.3198 ]
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CEvNS targets

Nuclear 
Target

Mass
(kg) Exposure

Recoil 
threshold

(keVr)

CsI 14.6 308.1 (day) 6.5

LAr 610 4 (yr) 20

Current

Future
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CEvNS

The differential cross section including scalar, vector, and tensor contribution reads

fp
Tu = 0.019, fp

Td = 0.041, fn
Tu = 0.023, fn

Td = 0.034

�pu = 0.54, �pd = �0.23, �nu = �0.23, �nd = 0.54.
<latexit sha1_base64="PRTRY6z/qpfnwVEbaNkAWt7tOM0="></latexit>

Numerical values of the nuclear matrix elements
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Projections from the HL-LHC

Selection rules

Systematic uncertainties
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Current bounds from the HERA

The HERA collaboration set the bounds on the contact interaction

in the charged current process:                         

e⌫qq0
<latexit sha1_base64="k6pHxXNbVBFuwGocbeEvri09Kxc=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9lVQY9FLx4r2A9o15JNZ9vQJLtNskJd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b2Su3/Q0HGqKNRpzGPVCokGziTUDTMcWokCIkIOzXB4M/Wbj6A0i+W9GScQCNKXLGKUGCt13RJ0ZIpHePTQSRQT0HXLXsWbAS8TPydllKPWdb86vZimAqShnGjd9r3EBBlRhlEOk2In1ZAQOiR9aFsqiQAdZLPDJ/jEKj0cxcqWNHim/p7IiNB6LELbKYgZ6EVvKv7ntVMTXQUZk0lqQNL5oijl2MR4mgLuMQXU8LElhCpmb8V0QBShxmZVtCH4iy8vk8ZZxT+veHcX5ep1HkcBHaFjdIp8dImq6BbVUB1RlKJn9IrenCfnxXl3PuatK04+c4j+wPn8AVaFkuA=</latexit>

e±p !
(�)
⌫ X

<latexit sha1_base64="VH3rciLeaYAurtC34G921tRZ3NM=">AAACEXicbVA9SwNBFNzzM8avqKXNYhBiYbhTQcugjWUEo4FcDHubl2TJ3u6x+04JR/6CjX/FxkIRWzs7/42bmEKjAwvDzBvevokSKSz6/qc3Mzs3v7CYW8ovr6yurRc2Nq+sTg2HGtdSm3rELEihoIYCJdQTAyyOJFxH/bORf30LxgqtLnGQQDNmXSU6gjN0UqtQgpswiWlCQyO6PWTG6Dsa6lEEMCvt7w2zUKVDWm8Vin7ZH4P+JcGEFMkE1VbhI2xrnsagkEtmbSPwE2xmzKDgEob5MLWQMN5nXWg4qlgMtpmNLxrSXae0aUcb9xTSsfozkbHY2kEcucmYYc9OeyPxP6+RYuekmQmVpAiKfy/qpJKipqN6aFsY4CgHjjBuhPsr5T1mGEfXSN6VEEyf/JdcHZSDw7J/cVSsnE7qyJFtskNKJCDHpELOSZXUCCf35JE8kxfvwXvyXr2379EZb5LZIr/gvX8BKdedNw==</latexit>

[arXiv:9707299]

Based on the distribution of Q^2 and x, the lower bounds on the contact term 
mass scales is around 1 TeV with strong coupling assumptions

| Cee11
LNuq |, | Cee11

LNqd |, | C 0ee11
LNqd |. 5

<latexit sha1_base64="S0Ohx007sgpT3VtVGmpNBNNxKv4="></latexit>

Bounds:
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Projections from the LHeC

Selection rules


