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… but DM can be produced non-thermally

Dark Matter? Gives a clear experimental target…
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Physics of Dark Sector? can be simple, or as complicated as the SM

Non-minimal models can disentangle production and decay

dark matter?

Displaced signatures, missing energy
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Symmetries? NP can naturally break approx/accidental symmetries of the SM

New sources of flavor violation can test very large NP scales
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Heavy NP!

Direct production at colliders  
(see morning talks)
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Two new(ish) avenues
Intense muon beams

Mu3e
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FASER

Intense neutrino beams

Find new signatures from motivated models
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⇤ � 106 GeV

Flavor violation from heavy NP
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[Knapen, Opferkuch, Redigolo, MT: 2410.13941]

Muon decays

Displaced vertices from Light NP 

Large improvement over prompts

Light ALPs coupling to leptons

HI e-beams cannot cover short lifetimes



Muon decays

Displaced vertices from Light NP 

Lifetime is shorter than naive HNL

Heavy Neutral Leptons & Dark Photons

<latexit sha1_base64="nxOFvLjfeRuPalJTecUH+OsAXxY=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+2JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNAl47A</latexit>

µ <latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

e

e

e

N
A’

<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

[Ballett, Hostert, Pascoli: 1903.07589]

20 40 60 80 100

HNL mass mN [MeV]

10°13

10°11

10°9

10°7

µ
-N

m
ix

in
g

an
gl

e
|U

N
µ
|2

Mu3e
Displaced

Prompt

<latexit sha1_base64="JEposvUl5efr6F01VSXk1xmfLUo="></latexit>

mA0 = 20MeV
<latexit sha1_base64="yk/gEOTwztzyRlp+3gTCKOM+mcE=">AAACCnicbVA9SwNBEJ3zM8aoUbGyWQyC1XFnoTZCRAvLCOYDkjPsbTbJkr29Y3dPEo6AreAPsNXWTiux9U/4C/wbbi4WJvHBMI/3Zpjh+RFnSjvOlzU3v7C4tJxZya7m1tY38ptbFRXGktAyCXkoaz5WlDNBy5ppTmuRpDjwOa36vfORX72lUrFQXOtBRL0AdwRrM4K1kW4amEdd3LxAp8ix3Wa+4NhOCjRL3F9SKO68FfovuftSM//daIUkDqjQhGOl6q4TaS/BUjPC6TDbiBWNMOnhDq0bKnBAlZekXw/RvlFaqB1KU0KjVP27keBAqUHgm8kA666a9kbif1491u0TL2EiijUVZHyoHXOkQzSKALWYpETzgSGYSGZ+RaSLJSbaBDVxRbFYMN0fZk0y7nQOs6RyaLtHtntlIjq7gxQZ2IU9OAAXjqEIl1CCMhCQ8AhP8Gw9WK/Wu/UxHp2zxh22YQLW5w/WyJ2E</latexit>

↵D = 0.1

102cm

1 cm

10−2 cm

<latexit sha1_base64="zS4e4CpuDzE18kGrdcPxMfgRltE="></latexit>

c⌧a = 10�4
cm

<latexit sha1_base64="HZxAo2eQPqj+m2fMfFHLGeylYRo=">AAACDnicbVBLSgNBFOyJvxh/oy5cuGkMgqswI6JuhIAb3UgE84EkxJ5OJ2nS0zN0vwkJw9zBA7jVI+hK3HoFL6A7z2DnszCJBQ+KqveoR3mh4Boc59NKLSwuLa+kVzNr6xubW/b2TkkHkaKsSAMRqIpHNBNcsiJwEKwSKkZ8T7Cy170c+uUeU5oH8g4GIav7pC15i1MCRmrY9k2jBqwPsddtJ/gCOw076+ScEfA8cSckm9+7/vp5Td0XGvZ3rRnQyGcSqCBaV10nhHpMFHAqWJKpRZqFhHZJm1UNlcRnuh6PPk/woVGauBUoMxLwSP17ERNf64HvmU2fQEfPekPxP68aQeu8HnMZRsAkHQe1IoEhwMMacJMrRkEMDCFUcfMrph2iCAVT1lSK5pHk0E8yphl3tod5UjrOuac599ZUdILGSKN9dICOkIvOUB5doQIqIop66BE9oWfrwXqx3qz38WrKmtzsoilYH7/8d598</latexit>

Nbkg = 0

<latexit sha1_base64="8jSv1HFjikn/6Y1kjP0Et0U8PSg=">AAACFnicbVDLSgNBEOz1GRMfUS+Cl8EoeDHsiqgXQfHiMYKJQhLC7KSTDJmdXWZmg2GJ+Bn5AK/xBwTxIl69+gX+hpPEg0YLhimquunu8iPBtXHdD2dqemZ2bj61kM4sLi2vZFfXSjqMFcMiC0WobnyqUXCJRcONwJtIIQ18gdd++3zoX3dQaR7KK9ONsBrQpuQNzqixUi27UelQhZHmIpTkhFRkHCRHuHfQq2Vzbt4dgfwl3jfJnaaeBi/9zHahlv2s1EMWBygNE1TrsudGpppQZTgT2EtXYo0RZW3axLKlkgaoq8nogh7ZsUqdNEJlnzRkpP7sSGigdTfwbWVATUtPekPxP68cm8ZxNeEyig1KNh7UiAUxIRnGQepcITOiawllittdCWtRRZmxof2aonksubntpW0y3mQOf0lpP+8d5r1LG9HZPYyQgk3Ygl3w4AhO4QIKUAQGd/AAA3h0+s6z8+q8jUunnPEP6/ALzvsXACOjGQ==</latexit>

" = 7⇥ 10�4

Ph
ase

 I

Ph
ase

 II

<latexit sha1_base64="7LhqGvuK6N+TViYcu/vsyape3C4=">AAACDnicbVBLSgNBFOyJvxh/oy5cuGkMgqswI6KuJOBGNxLBfCAJsafTSZr09Azdb0LCMHfwAG71CLoSt17BC+jOM9j5LExiwYOi6j3qUV4ouAbH+bRSC4tLyyvp1cza+sbmlr29U9JBpCgr0kAEquIRzQSXrAgcBKuEihHfE6zsdS+HfrnHlOaBvINByOo+aUve4pSAkRq2fdOoAetD7HXbCb7ATsPOOjlnBDxP3AnJ5veuv35eU/eFhv1dawY08pkEKojWVdcJoR4TBZwKlmRqkWYhoV3SZlVDJfGZrsejzxN8aJQmbgXKjAQ8Uv9exMTXeuB7ZtMn0NGz3lD8z6tG0Dqvx1yGETBJx0GtSGAI8LAG3OSKURADQwhV3PyKaYcoQsGUNZWieSQ59JOMacad7WGelI5z7mnOvTUVnaAx0mgfHaAj5KIzlEdXqICKiKIeekRP6Nl6sF6sN+t9vJqyJje7aArWxy/+Ep99</latexit>

Nbkg > 0

Phase I

Phase II
Phase I
Phase II

NA62?

[Knapen, Opferkuch, Redigolo, MT: 2410.13941]



Target 
(Argon, water)

Neutrino beam

O(10) m

2030s

<latexit sha1_base64="UnCP4G2aQZ/z8vz4v4tuqFZ8/m0=">AAAB8XicdVDLSgMxFM3UVx1fVZdugh3B1ZAprW13RTcuK9gHtkPJpJk2NJMZkoxQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3Mpv2zu7e/sHhcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXc79xTqVgsbvU0oX6ER4KFjGBtpDvHsfuUc9txBoUicmse8mp1iNwqKleqFUNKda+C6tBz0QJFsEJzUHjvD2OSRlRowrFSPQ8l2s+w1IxwOrP7qaIJJhM8oj1DBY6o8rPFxTN4ZpQhDGNpSmi4UL9PZDhSahoFpjPCeqx+e3PxL6+X6rDmZ0wkqaaCLBeFKYc6hvP34ZBJSjSfGoKJZOZWSMZYYqJNSLYJ4etT+D9pl1zvwi3flIqNy1UceXACTsE58EAVNMA1aIIWIECAB/AEni1lPVov1uuyNWetZo7BD1hvn2LTj3M=</latexit>

`

<latexit sha1_base64="H5iu2UdJbcaQlj5b+HTC5FGRy8s=">AAAB+HicdVDLSsNAFJ3UV42PRl26GWwEVyEpIW13RTcuK9gHtKFMJpN26OTBzESooV/ixoUibv0Ud/6N04egogcuHM65l3vvCTJGhbTtD620sbm1vVPe1ff2Dw4rxtFxV6Q5x6SDU5byfoAEYTQhHUklI/2MExQHjPSC6dXC790RLmia3MpZRvwYjRMaUYykkkZGxTT1YshjOEHhXDfNkVG1Lc9uNN06tK1Gs9aoe4q4btNTxLHsJapgjfbIeB+GKc5jkkjMkBADx86kXyAuKWZkrg9zQTKEp2hMBoomKCbCL5aHz+G5UkIYpVxVIuFS/T5RoFiIWRyozhjJifjtLcS/vEEuo4Zf0CTLJUnwalGUMyhTuEgBhpQTLNlMEYQ5VbdCPEEcYamy0lUIX5/C/0m3Zjme5d7Uqq3LdRxlcArOwAVwQB20wDVogw7AIAcP4Ak8a/fao/aiva5aS9p65gT8gPb2CbK5kdo=</latexit>

had

[DUNE TDR: 2002.03005]

[HyperK TDR: 1805.04163]

<latexit sha1_base64="msxrcHA4Fi5WR/gXEMjXuYZmJDE=">AAACC3icjVDLSsNAFJ34rPEVdelmaCO4sSRFtMuiG1dSwT6giWEynbRDZyZhZiKU0L0bf8WNC0Xc+gPu/BvTtAsVBQ9cOJxzL/feEyaMKu04H8bC4tLyymppzVzf2NzatnZ22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo/Op37klUtFYXOtxQnyOBoJGFCOdS4FVtm3zMvBECj1FOXSdm8ytT+BRwWrOxLTtwKq4VacA/JtUwBzNwHr3+jFOOREaM6RUz3US7WdIaooZmZheqkiC8AgNSC+nAnGi/Kz4ZQIPcqUPo1jmJTQs1K8TGeJKjXmYd3Kkh+qnNxV/83qpjup+RkWSaiLwbFGUMqhjOA0G9qkkWLNxThCWNL8V4iGSCOs8PvN/IbRrVfekenxVqzTO5nGUwD4og0PgglPQABegCVoAgzvwAJ7As3FvPBovxuusdcGYz+yBbzDePgHg8pck</latexit>

N⌫ ⇠ 1018 � 1020

At Near-Detector

<latexit sha1_base64="tZtJrylo/jUeDw4FIfVQc8w6yJg=">AAACC3icjVDLSsNAFJ34rPEVdelmaCu4sSRF1GVRRJcV7AOaECbTSTt0ZhJmJkIJde3GX3HjQhG3/oA7/8bpY6Gi4IELh3Pu5d57opRRpV33w5qbX1hcWi6s2Ktr6xubztZ2UyWZxKSBE5bIdoQUYVSQhqaakXYqCeIRI61ocDb2WzdEKpqIaz1MScBRT9CYYqSNFDrFctk+D32RQV9RDj14AD0X3ua+5PCCNEd2uRw6Ja/iTgD/JiUwQz103v1ugjNOhMYMKdXx3FQHOZKaYkZGtp8pkiI8QD3SMVQgTlSQT34ZwT2jdGGcSFNCw4n6dSJHXKkhj0wnR7qvfnpj8Tevk+n4JMipSDNNBJ4uijMGdQLHwcAulQRrNjQEYUnNrRD3kURYm/js/4XQrFa8o8rhVbVUO53FUQC7oAj2gQeOQQ1cgjpoAAzuwAN4As/WvfVovViv09Y5azazA77BevsEQz2XZw==</latexit>

E⌫ ⇠ 1� 10 GeV



[Bansal, Paz, Petrov, MT, Zupan: 2210.05706]

<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫
<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

Ar

<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�
<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�

<latexit sha1_base64="cuJzltzBgKveKMPYEY5G9+S9GJg=">AAAB8XicdVDLSsNAFJ3UV42vqks3g43gKiRtbdpd0Y3LCvaBbSiT6bQdOpmEmYlQQv/CjQtF3Po37vwbJ20FFT1w4XDOvdx7TxAzKpXjfBi5tfWNza38trmzu7d/UDg8assoEZi0cMQi0Q2QJIxy0lJUMdKNBUFhwEgnmF5lfueeCEkjfqtmMfFDNOZ0RDFSWrqzLLMfT6hpWYNC0bHrtVr5ogIdu+yVXK+UkXq16njQtZ0FimCF5qDw3h9GOAkJV5ghKXuuEys/RUJRzMjc7CeSxAhP0Zj0NOUoJNJPFxfP4ZlWhnAUCV1cwYX6fSJFoZSzMNCdIVIT+dvLxL+8XqJGNT+lPE4U4Xi5aJQwqCKYvQ+HVBCs2EwThAXVt0I8QQJhpUMydQhfn8L/Sbtku1W7clMqNi5XceTBCTgF58AFHmiAa9AELYABBw/gCTwb0ng0XozXZWvOWM0cgx8w3j4BdmiPgA==</latexit>

�

Neutrino scattering

Inverse see saw: small neutrino mass from small breaking of lepton number

Light ALP

pNGB of U(1)L, also known as Majoron

Can couple to F or G

Ar



[Carey, Machado, Paz, Petrov, Sousa, MT, Zupan: 2508.16724]

Neutrino scattering

Monophoton signal at DUNE/HyperK 
(with no hadronic activity)

Main bkg from electrons in the 
final state

Possible to discriminate from 
photons with ML 



[Carey, MT, Zupan: 25xx.xxxxx]

Neutrino scattering (WIP-1)

ISS includes heavy neutrinos

Bkg-free search of displaced   
multi-photon

<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

Ar

<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�
<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�

<latexit sha1_base64="cuJzltzBgKveKMPYEY5G9+S9GJg=">AAAB8XicdVDLSsNAFJ3UV42vqks3g43gKiRtbdpd0Y3LCvaBbSiT6bQdOpmEmYlQQv/CjQtF3Po37vwbJ20FFT1w4XDOvdx7TxAzKpXjfBi5tfWNza38trmzu7d/UDg8assoEZi0cMQi0Q2QJIxy0lJUMdKNBUFhwEgnmF5lfueeCEkjfqtmMfFDNOZ0RDFSWrqzLLMfT6hpWYNC0bHrtVr5ogIdu+yVXK+UkXq16njQtZ0FimCF5qDw3h9GOAkJV5ghKXuuEys/RUJRzMjc7CeSxAhP0Zj0NOUoJNJPFxfP4ZlWhnAUCV1cwYX6fSJFoZSzMNCdIVIT+dvLxL+8XqJGNT+lPE4U4Xi5aJQwqCKYvQ+HVBCs2EwThAXVt0I8QQJhpUMydQhfn8L/Sbtku1W7clMqNi5XceTBCTgF58AFHmiAa9AELYABBw/gCTwb0ng0XozXZWvOWM0cgx8w3j4BdmiPgA==</latexit>

�

N N

<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�

<latexit sha1_base64="eSucwsSPrLue3wq6QzN2Xt8U494=">AAAB83icjVDLSsNAFL2prxpfVZduBhvBVUmKqMuiG5cV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+cPhYqCh64cDjnXu7hxBln2vj+h1NaWV1b3yhvulvbO7t7lf2Dtk5zRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+Hrmd+6p0iyVd2aS0UjgoWQJI9hYKfQ8NxxiIbDref1KNaj5c6C/SRWWaPYr7+EgJbmg0hCOte4FfmaiAivDCKdTN8w1zTAZ4yHtWSqxoDoq5pmn6MQqA5Skyo40aK5+vSiw0HoiYrspsBnpn95M/M3r5Sa5jAoms9xQSRaPkpwjk6JZAWjAFCWGTyzBRDGbFZERVpgYW5P7vxLa9VpwXju7rVcbV8s6ynAEx3AKAVxAA26gCS0gkMEDPMGzkzuPzovzulgtOcubQ/gG5+0TbqGP/w==</latexit>

�

<latexit sha1_base64="cuJzltzBgKveKMPYEY5G9+S9GJg=">AAAB8XicdVDLSsNAFJ3UV42vqks3g43gKiRtbdpd0Y3LCvaBbSiT6bQdOpmEmYlQQv/CjQtF3Po37vwbJ20FFT1w4XDOvdx7TxAzKpXjfBi5tfWNza38trmzu7d/UDg8assoEZi0cMQi0Q2QJIxy0lJUMdKNBUFhwEgnmF5lfueeCEkjfqtmMfFDNOZ0RDFSWrqzLLMfT6hpWYNC0bHrtVr5ogIdu+yVXK+UkXq16njQtZ0FimCF5qDw3h9GOAkJV5ghKXuuEys/RUJRzMjc7CeSxAhP0Zj0NOUoJNJPFxfP4ZlWhnAUCV1cwYX6fSJFoZSzMNCdIVIT+dvLxL+8XqJGNT+lPE4U4Xi5aJQwqCKYvQ+HVBCs2EwThAXVt0I8QQJhpUMydQhfn8L/Sbtku1W7clMqNi5XceTBCTgF58AFHmiAa9AELYABBw/gCTwb0ng0XozXZWvOWM0cgx8w3j4BdmiPgA==</latexit>

�

<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

N

Coupling to Majoron unrestricted



[Borrello, Costa, Redigolo, MT: 25xx.xxxxx]

Neutrino scattering (WIP-2)

Models of ‘composite’ neutrino
<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

p

Dark jet
<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

SM jet

Z<latexit sha1_base64="38TW3XpogK1/ARyADWIhnRIO9O0="></latexit> y`

⇤�N�3/2
UV

HLON

Strongly coupled Dark Sector

High dim. Portal -> Energy matters

<latexit sha1_base64="QvlyR0Opq4P/Yyq17wPmNPQr68Q=">AAACEHicjVDLSsNAFJ34rPEVdelmsBXdWJIq6rIoossK9gFNDJPppB06MwkzE6GE+gdu/BU3LhRx69Kdf2PSdqGi4IFhDufcy733BDGjStv2hzE1PTM7N19YMBeXlldWrbX1hooSiUkdRyySrQApwqggdU01I61YEsQDRppB/zT3mzdEKhqJKz2IicdRV9CQYqQzybd2SiXzzHdFAl1FOXTs6wrcy799eJu6ksNz0hiapZJvFZ2yPQL8mxTBBDXfenc7EU44ERozpFTbsWPtpUhqihkZmm6iSIxwH3VJO6MCcaK8dHTQEG5nSgeGkcye0HCkfu1IEVdqwIOskiPdUz+9XPzNayc6PPZSKuJEE4HHg8KEQR3BPB3YoZJgzQYZQVjSbFeIe0girLMMzf+F0KiUncPywWWlWD2ZxFEAm2AL7AIHHIEquAA1UAcY3IEH8ASejXvj0XgxXselU8akZwN8g/H2CSx4mOo=</latexit>

E⌫ ⇠ 102 � 103 GeV



[Borrello, Costa, Redigolo, MT: 25xx.xxxxx]

Neutrino scattering (WIP-2)

Models of ‘composite’ neutrino

Enhancement of Neutral 
Currents from ‘invisible jets’

<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

p

Dark jet
<latexit sha1_base64="3MTOOeCnT4g0NVB79eo3OtBqxUw=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+3JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNCH47B</latexit>

⌫

SM jet

Z<latexit sha1_base64="38TW3XpogK1/ARyADWIhnRIO9O0="></latexit> y`

⇤�N�3/2
UV

HLON

See Borrello’s talk later today!

[Borrello, Costa, Redigolo: 2507.12527]

Strongly coupled Dark Sector

Dark jet fragments can decay 
back to SM

Semi-visible jets!

High dim. Portal -> Energy matters



Take home message

- High-Intensity experiments have much to offer to DS searches

- Look for new ways to probe New Physics

- Synergy between theory and experiment can only benefit us

Let’s dig into new experiments in the near future

No data wasting!

Like this Workshop!



Backups



Flavorful Axion
<latexit sha1_base64="sJnikq7uiUKYfm5RaFiYy3/FIsw="></latexit>

@µa
fa

s̄�µ(CV
sd + �5CA

sd)d

<latexit sha1_base64="IaHryhFtsRkBX8N/opnib0puWwo="></latexit>

B(K+ ! ⇡+a) ⇠ 0.1
⇣

107GeV
fa

⌘2
(CV,A

sd )2

Minimal Flavor Violation

<latexit sha1_base64="oEujZUZNCuSqH+HXzwiAVnEnaXw=">AAACA3icjVDLSgMxFM3UV62vUXe6CbaCG8tMkdZl0YUuK9gHtGPJpJk2NJMZkjtCGQpu/BU3LhRx60+4829MHwsVBQ9cOJxzLsk9fiy4Bsf5sDILi0vLK9nV3Nr6xuaWvb3T0FGiKKvTSESq5RPNBJesDhwEa8WKkdAXrOkPzyd+85YpzSN5DaOYeSHpSx5wSsBIXXuvEHQJ7vTBRELsOjdp+bgyLuAL1ujaebfoTIH/Jnk0R61rv3d6EU1CJoEKonXbdWLwUqKAU8HGuU6iWUzokPRZ21BJQqa9dHrDGB8apYeDSJmRgKfq142UhFqPQt8kQwID/dObiL957QSCUy/lMk6ASTp7KEgEhghPCsE9rhgFMTKEUMXNXzEdEEUomNpy/yuhUSq65eLJVSlfPZvXkUX76AAdIRdVUBVdohqqI4ru0AN6Qs/WvfVovVivs2jGmu/som+w3j4B82GVzA==</latexit>

fa & 106�7 GeV

<latexit sha1_base64="pXOscrZQmqwwmrTwIwcoz+7SOgc=">AAACB3icjVDLSgMxFM34rPU16lKQYCtUCmWmiLosdSO4qWAf0JmWTJppQzPJkGSEMnTnxl9x40IRt/6CO//G9LFQUfCQwOGce7n3niBmVGnH+bAWFpeWV1Yza9n1jc2tbXtnt6FEIjGpY8GEbAVIEUY5qWuqGWnFkqAoYKQZDC8mfvOWSEUFv9GjmPgR6nMaUoy0kbr2QT71MGKwOi5cdYqeFl5MO0Xo8cS843zXzrklZwr4N8mBOWpd+93rCZxEhGvMkFJt14m1nyKpKWZknPUSRWKEh6hP2oZyFBHlp9M7xvDIKD0YCmk+13Cqfu1IUaTUKApMZYT0QP30JuJvXjvR4bmfUh4nmnA8GxQmDGoBJ6HAHpUEazYyBGFJza4QD5BEWJvosv8LoVEuuaelk+tyrlKdx5EB++AQFIALzkAFXIIaqAMM7sADeALP1r31aL1Yr7PSBWveswe+wXr7BH+4l88=</latexit>

B(K+ ! ⇡+⌫⌫)Observed

For

<latexit sha1_base64="B/N+e2X5vhyvcD3mhTsb6MP7Pdw="></latexit>

CV,A
sd (µ) ⇠ O(10�6)⇥ log

⇣
⇤UV
µ

⌘
Cqq,W (⇤UV)

<latexit sha1_base64="6eCqFXueSHIU/cbuzwK+FA/kPS8=">AAACE3icjVDLSsNAFJ3UV62vqEs3g61QXZSkiLosutBlC6YtNCFMppN26GQSZiaFEvIPbvwVNy4UcevGnX/j9LFQUfDAhcM593LvPUHCqFSW9WEUlpZXVteK66WNza3tHXN3ry3jVGDi4JjFohsgSRjlxFFUMdJNBEFRwEgnGF1N/c6YCEljfqsmCfEiNOA0pBgpLfnmScWp2sd+5ooINlu5q2hEZOZixOB1PpdDhsaxyCu+WbZr1gzwb1IGCzR9893txziNCFeYISl7tpUoL0NCUcxIXnJTSRKER2hAeppypFd72eynHB5ppQ/DWOjiCs7UrxMZiqScRIHujJAayp/eVPzN66UqvPAyypNUEY7ni8KUQRXDaUCwTwXBik00QVhQfSvEQyQQVjrG0v9CaNdr9lnttFUvNy4XcRTBATgEVWCDc9AAN6AJHIDBHXgAT+DZuDcejRfjdd5aMBYz++AbjLdPps+dcA==</latexit>

U(1)PQ ⇥ Gflavor
[Bauer, Neubert, Renner, Schnubel, Thamm: 2012.12272]



Flavorful Axion
<latexit sha1_base64="sJnikq7uiUKYfm5RaFiYy3/FIsw="></latexit>

@µa
fa

s̄�µ(CV
sd + �5CA

sd)d

Flavor anarchy
<latexit sha1_base64="67M2YwpOGicnyhX4Iu9pgu2K7Y0="></latexit>

CV,A
sd (µc) ⇠ CV,A

sd (⇤UV) ⇠ O(1)

<latexit sha1_base64="IaHryhFtsRkBX8N/opnib0puWwo="></latexit>

B(K+ ! ⇡+a) ⇠ 0.1
⇣

107GeV
fa

⌘2
(CV,A

sd )2

<latexit sha1_base64="c+QN90Gh+Ju72ejUrTsEsQy2oWs=">AAACAnicjVDLSgMxFL3js9bXqCtxE2wFV2WmiLosutBlBfuAdiyZNNOGJpkhyQhlKG78FTcuFHHrV7jzb0wfCxUFD1w4nHMuyT1hwpk2nvfhzM0vLC4t51byq2vrG5vu1nZdx6kitEZiHqtmiDXlTNKaYYbTZqIoFiGnjXBwPvYbt1RpFstrM0xoIHBPsogRbKzUcXeLUQejds/YiEC+d5P55VERXdB6xy34JW8C9DcpwAzVjvve7sYkFVQawrHWLd9LTJBhZRjhdJRvp5ommAxwj7YslVhQHWSTE0bowCpdFMXKjjRoon7dyLDQeihCmxTY9PVPbyz+5rVSE50GGZNJaqgk04eilCMTo3EfqMsUJYYPLcFEMftXRPpYYWJsa/n/lVAvl/zj0tFVuVA5m9WRgz3Yh0Pw4QQqcAlVqAGBO3iAJ3h27p1H58V5nUbnnNnODnyD8/YJc2qViw==</latexit>

fa & 1012 GeV

<latexit sha1_base64="pXOscrZQmqwwmrTwIwcoz+7SOgc=">AAACB3icjVDLSgMxFM34rPU16lKQYCtUCmWmiLosdSO4qWAf0JmWTJppQzPJkGSEMnTnxl9x40IRt/6CO//G9LFQUfCQwOGce7n3niBmVGnH+bAWFpeWV1Yza9n1jc2tbXtnt6FEIjGpY8GEbAVIEUY5qWuqGWnFkqAoYKQZDC8mfvOWSEUFv9GjmPgR6nMaUoy0kbr2QT71MGKwOi5cdYqeFl5MO0Xo8cS843zXzrklZwr4N8mBOWpd+93rCZxEhGvMkFJt14m1nyKpKWZknPUSRWKEh6hP2oZyFBHlp9M7xvDIKD0YCmk+13Cqfu1IUaTUKApMZYT0QP30JuJvXjvR4bmfUh4nmnA8GxQmDGoBJ6HAHpUEazYyBGFJza4QD5BEWJvosv8LoVEuuaelk+tyrlKdx5EB++AQFIALzkAFXIIaqAMM7sADeALP1r31aL1Yr7PSBWveswe+wXr7BH+4l88=</latexit>

B(K+ ! ⇡+⌫⌫)Observed

For

<latexit sha1_base64="GlBV4wEgtlObaI+Rv1pH4tthYJY=">AAACFnicjVDLSsNAFJ3UV62vqEs3g61QF5akiLosutBlC6YVmhAm05t26OThzKRQQr7Cjb/ixoUibsWdf2P6WKgoeODC4Zx7ufceL+ZMKsP40AoLi0vLK8XV0tr6xuaWvr3TllEiKFg04pG48YgEzkKwFFMcbmIBJPA4dLzhxcTvjEBIFoXXahyDE5B+yHxGicolVz+qWFXz0E1tEeBmK7NlEktQcJvalHB8mc0cn5NRJLKKq5fNmjEF/puU0RxNV3+3exFNAggV5UTKrmnEykmJUIxyyEp2IiEmdEj60M1pSAKQTjp9K8MHudLDfiTyChWeql8nUhJIOQ68vDMgaiB/ehPxN6+bKP/MSVkYJwpCOlvkJxyrCE8ywj0mgCo+zgmhguW3YjogglCVJ1n6Xwjtes08qR236uXG+TyOItpD+6iKTHSKGugKNZGFKLpDD+gJPWv32qP2or3OWgvafGYXfYP29glUAJ7m</latexit>

U(1)PQ ◆ Gflavor



Muon decays
[Redigolo, MT, Tesi: 2408.00847]

<latexit sha1_base64="nxOFvLjfeRuPalJTecUH+OsAXxY=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+2JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNAl47A</latexit>

µ

e

e

e

FV from heavy mediator

<latexit sha1_base64="TXsbreuQm/JdtZSY6fDIHkE0FVY="></latexit>

Crs
eB

⇤2

�
L̄r�µ⌫es

�
HB

µ⌫

<latexit sha1_base64="1EZuNOyv9vUbbqnZBZg3RuXDRuc="></latexit>

Crs
``

⇤2

�
L̄r�µLs

� �
L̄p�

µLq

�

Dipole

4-Leptons



Muon decays
[Redigolo, MT, Tesi: 2408.00847]

<latexit sha1_base64="nxOFvLjfeRuPalJTecUH+OsAXxY=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+2JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNAl47A</latexit>

µ

e

e

e

FV from heavy mediator

<latexit sha1_base64="TXsbreuQm/JdtZSY6fDIHkE0FVY="></latexit>

Crs
eB

⇤2

�
L̄r�µ⌫es

�
HB

µ⌫

<latexit sha1_base64="1EZuNOyv9vUbbqnZBZg3RuXDRuc="></latexit>

Crs
``

⇤2

�
L̄r�µLs

� �
L̄p�

µLq

�

Dipole

4-Leptons

Mu3e can also probe CP violation!



Muon decays
[Knapen, Opferkuch, Redigolo, MT: 2410.13941]

<latexit sha1_base64="nxOFvLjfeRuPalJTecUH+OsAXxY=">AAAB8HicjVDLSgNBEOyNr7i+oh69DGYFT2E3BPUY9OIxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5Rypo3vfziFldW19Y3ipru1vbO7V9o/aOkkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdja9mfvueKs0SeWsmKQ0FHkoWM4KNle48z+2JzPW8fqkcVPw50N+kDEs0+qX33iAhmaDSEI617gZ+asIcK8MIp1O3l2maYjLGQ9q1VGJBdZjPD56iE6sMUJwoW9Kgufp1IsdC64mIbKfAZqR/ejPxN6+bmfgizJlMM0MlWSyKM45MgmbfowFTlBg+sQQTxeytiIywwsTYjNz/hdCqVoKzSu2mWq5fLuMowhEcwykEcA51uIYGNIGAgAd4gmdHOY/Oi/O6aC04y5lD+Abn7RNAl47A</latexit>

µ

e

<latexit sha1_base64="cuJzltzBgKveKMPYEY5G9+S9GJg=">AAAB8XicdVDLSsNAFJ3UV42vqks3g43gKiRtbdpd0Y3LCvaBbSiT6bQdOpmEmYlQQv/CjQtF3Po37vwbJ20FFT1w4XDOvdx7TxAzKpXjfBi5tfWNza38trmzu7d/UDg8assoEZi0cMQi0Q2QJIxy0lJUMdKNBUFhwEgnmF5lfueeCEkjfqtmMfFDNOZ0RDFSWrqzLLMfT6hpWYNC0bHrtVr5ogIdu+yVXK+UkXq16njQtZ0FimCF5qDw3h9GOAkJV5ghKXuuEys/RUJRzMjc7CeSxAhP0Zj0NOUoJNJPFxfP4ZlWhnAUCV1cwYX6fSJFoZSzMNCdIVIT+dvLxL+8XqJGNT+lPE4U4Xi5aJQwqCKYvQ+HVBCs2EwThAXVt0I8QQJhpUMydQhfn8L/Sbtku1W7clMqNi5XceTBCTgF58AFHmiAa9AELYABBw/gCTwb0ng0XozXZWvOWM0cgx8w3j4BdmiPgA==</latexit>

�

e

e



TERRESTRIAL [2210.05706]



[Carey, Machado, Paz, Petrov, Sousa, MT, Zupan: 2508.16724]

Neutrino scattering


