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Long lifetimes from displaced vertices  
S. Knapen, T. Opferkuch, D. Redigolo, MT: 2410.xxxxx 

Light

CP Violation in Lepton Flavor Violating decays 
D. Redigolo, MT, A. Tesi: 2408.00847 

Heavy
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<latexit sha1_base64="4dSuGdRtQ9vr9SfD6VP2Jop4o78="></latexit>

Observables Current bound Future sensitivity

|de|/e 1.1⇥ 10
�29

cm 10
�31

cm

|dµ|/e 1.8⇥ 10
�19

cm 6⇥ 10
�23

cm

Br(µ ! e�) 3.1⇥ 10
�13

6⇥ 10
�14

Br(µ ! 3e) 10
�12

5⇥ 10
�16

CR(µN ! eN) 7⇥ 10
�13

10
�16
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<latexit sha1_base64="+3i6MbGuSDAoKu6ZsC1euZURtVY="></latexit>

BSM(µ ! eee) < 10�54

<latexit sha1_base64="vzCU0/uaSlZtmsTehD8MTTJHP5I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g60giCEptroRim5cSQX7gCaGyWTaDp08mJkIJeQj/A4/wK1+gjt168LfcPpYtNUDA4dz7uXMPV7MqJCm+anllpZXVtfy64WNza3tHX13rymihGPSwBGLeNtDgjAakoakkpF2zAkKPEZa3uB65LceCRc0Cu/lMCZOgHoh7VKMpJJc/aR069pBAi9h2ajYkgZEWOZDalUyeApnhWpWcvWiaZhjwL/EmpIimKLu6j+2H+EkIKHEDAnRscxYOinikmJGsoKdCBIjPEA90lE0RCrMScdHZfBIKT7sRly9UMKxOruRokCIYeCpyQDJvlj0RuJ/XieR3QsnpWGcSBLiSVA3YVBGcNQQ9CknWLKhIghzqv4KcR9xhKXqcS5FqKP6xM8KqhlrsYe/pFk2rKpxdlcu1q6mHeXBATgEx8AC56AGbkAdNAAGT+AFvII37Vl71z60r8loTpvu7IM5aN+/lrakVw==</latexit>

Nµ = 2.5⇥ 1015 � 5⇥ 1016

<latexit sha1_base64="oVGcormk3EPLJ9ZpamxonquDPbU=">AAACDXicbVDLSsNAFJ34rPXRqEs3g63gxpIUUZdFNy4r2Ac0IUwmk3bozCTMTIQS+g1+gFv9BHfi1m/wC/wNp20WtvXAhcM593LvPWHKqNKO822trW9sbm2Xdsq7e/sHFfvwqKOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOLqb+t0nIhVNxKMep8TnaCBoTDHSRgrsSq0VeDyDnqIcXri1wK46dWcGuErcglRBgVZg/3hRgjNOhMYMKdV3nVT7OZKaYkYmZS9TJEV4hAakb6hAnCg/nx0+gWdGiWCcSFNCw5n6dyJHXKkxD00nR3qolr2p+J/Xz3R84+dUpJkmAs8XxRmDOoHTFGBEJcGajQ1BWFJzK8RDJBHWJquFLco8NSTRpGyScZdzWCWdRt29ql8+NKrN2yKjEjgBp+AcuOAaNME9aIE2wCADL+AVvFnP1rv1YX3OW9esYuYYLMD6+gXB7pqZ</latexit>

Pµ ⇠ �1
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<latexit sha1_base64="E4K5tMz72xVEJyRkog3DKWu1BfI=">AAACF3icbVDLSgMxFM34rPU16krcBFtBKJSZIuqy6MZlBfuAzrRk0ts2NJMZkoxQhuJ3+AFu9RPciVuXfoG/YfpY2NYLIYdz7uXec4KYM6Ud59taWV1b39jMbGW3d3b39u2Dw5qKEkmhSiMeyUZAFHAmoKqZ5tCIJZAw4FAPBrdjvf4IUrFIPOhhDH5IeoJ1GSXaUG37OO+FSavg6QhDq4A9kXgBkebLt+2cU3QmhZeBOwM5NKtK2/7xOhFNQhCacqJU03Vi7adEakY5jLJeoiAmdEB60DRQkBCUn04sjPCZYTq4G0nzhMYT9u9ESkKlhmFgOkOi+2pRG5P/ac1Ed6/9lIk40SDodFE34dgYHueBO0wC1XxoAKGSmVsx7RNJqDapzW1RxlQfOqOsScZdzGEZ1EpF97J4cV/KlW9mGWXQCTpF58hFV6iM7lAFVRFFT+gFvaI369l6tz6sz2nrijWbOUJzZX39AvtCnxA=</latexit>

µ+ ! e+⌫⌫̄

<latexit sha1_base64="5xodrsTkqnVHoPPEGi2aOWgpu4Y=">AAACHXicbVDLSgMxFM3UV62vqksXBltBKJaZIuqy6MZlBfuAzrRkMrdtaCYzJBmhlC79Dj/ArX6CO3ErfoG/YfpY2NYLSQ7n3MvNOX7MmdK2/W2lVlbX1jfSm5mt7Z3dvez+QU1FiaRQpRGPZMMnCjgTUNVMc2jEEkjoc6j7/duxXn8EqVgkHvQgBi8kXcE6jBJtqHb2OO+GSavg6ghDqwCtc3NjVySuT6R58u1szi7ak8LLwJmBHJpVpZ39cYOIJiEITTlRqunYsfaGRGpGOYwybqIgJrRPutA0UJAQlDecGBnhU8MEuBNJc4TGE/bvxJCESg1C33SGRPfUojYm/9Oaie5ce0Mm4kSDoNNFnYRjY3ucCg6YBKr5wABCJTN/xbRHJKHaZDe3RRlTPQhGGZOMs5jDMqiVis5l8eK+lCvfzDJKoyN0gs6Qg65QGd2hCqoiip7QC3pFb9az9W59WJ/T1pQ1mzlEc2V9/QIL4aEq</latexit>

µ+ ! e+e�e+⌫⌫̄

Michel

Internal conversion

Bhabha
<latexit sha1_base64="E4K5tMz72xVEJyRkog3DKWu1BfI=">AAACF3icbVDLSgMxFM34rPU16krcBFtBKJSZIuqy6MZlBfuAzrRk0ts2NJMZkoxQhuJ3+AFu9RPciVuXfoG/YfpY2NYLIYdz7uXec4KYM6Ud59taWV1b39jMbGW3d3b39u2Dw5qKEkmhSiMeyUZAFHAmoKqZ5tCIJZAw4FAPBrdjvf4IUrFIPOhhDH5IeoJ1GSXaUG37OO+FSavg6QhDq4A9kXgBkebLt+2cU3QmhZeBOwM5NKtK2/7xOhFNQhCacqJU03Vi7adEakY5jLJeoiAmdEB60DRQkBCUn04sjPCZYTq4G0nzhMYT9u9ESkKlhmFgOkOi+2pRG5P/ac1Ed6/9lIk40SDodFE34dgYHueBO0wC1XxoAKGSmVsx7RNJqDapzW1RxlQfOqOsScZdzGEZ1EpF97J4cV/KlW9mGWXQCTpF58hFV6iM7lAFVRFFT+gFvaI369l6tz6sz2nrijWbOUJzZX39AvtCnxA=</latexit>

µ+ ! e+⌫⌫̄

<latexit sha1_base64="JAfLtj0bxmeSttN7mtO1PSBUxfo=">AAACEHicbVBLSgNBEO2Jvxh/Y1y6aUwEQQwzQdRl0I3LCOYDyST09NQkTXo+dPeIYcglPIBbPYI7cesNPIHXsJPMwkQfFDzeq6KqnhtzJpVlfRm5ldW19Y38ZmFre2d3z9wvNmWUCAoNGvFItF0igbMQGoopDu1YAAlcDi13dDP1Ww8gJIvCezWOwQnIIGQ+o0RpqW8Wy9A7hd5ZV0V4zsp9s2RVrBnwX2JnpIQy1Pvmd9eLaBJAqCgnUnZsK1ZOSoRilMOk0E0kxISOyAA6moYkAOmks9sn+FgrHvYjoStUeKb+nkhJIOU4cHVnQNRQLntT8T+vkyj/yklZGCcKQjpf5Ccc60enQWCPCaCKjzUhVDB9K6ZDIghVOq6FLVI/NQRvUtDJ2Ms5/CXNasW+qJzfVUu16yyjPDpER+gE2egS1dAtqqMGougRPaMX9Go8GW/Gu/Exb80Z2cwBWoDx+QO2dJui</latexit>

e+e� ! e+e�

<latexit sha1_base64="E4K5tMz72xVEJyRkog3DKWu1BfI=">AAACF3icbVDLSgMxFM34rPU16krcBFtBKJSZIuqy6MZlBfuAzrRk0ts2NJMZkoxQhuJ3+AFu9RPciVuXfoG/YfpY2NYLIYdz7uXec4KYM6Ud59taWV1b39jMbGW3d3b39u2Dw5qKEkmhSiMeyUZAFHAmoKqZ5tCIJZAw4FAPBrdjvf4IUrFIPOhhDH5IeoJ1GSXaUG37OO+FSavg6QhDq4A9kXgBkebLt+2cU3QmhZeBOwM5NKtK2/7xOhFNQhCacqJU03Vi7adEakY5jLJeoiAmdEB60DRQkBCUn04sjPCZYTq4G0nzhMYT9u9ESkKlhmFgOkOi+2pRG5P/ac1Ed6/9lIk40SDodFE34dgYHueBO0wC1XxoAKGSmVsx7RNJqDapzW1RxlQfOqOsScZdzGEZ1EpF97J4cV/KlW9mGWXQCTpF58hFV6iM7lAFVRFFT+gFvaI369l6tz6sz2nrijWbOUJzZX39AvtCnxA=</latexit>

µ+ ! e+⌫⌫̄

+ coincidence

Perrevoort: 1812.00741
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<latexit sha1_base64="keCbNrnUaDMSdNPCJkEZfH++BPY=">AAAB/3icdVDLSgNBEOyNrxhfUY9eBoMgCMvsRjQ5KXjRm6LRQFzD7GSSDJmdXWZmxbDk4Ad41U/wJl79C69+gb/hJFFQ0YKGoqqb7q4wEVwbjN+c3MTk1PRMfrYwN7+wuFRcXjnXcaooq9FYxKoeEs0El6xmuBGsnihGolCwi7B3MPQvrpnSPJZnpp+wICIdyducEmOlU3a11SyWsLtT9n1cRdjFfrXsl4eksl3Zxshz8QilvVcY4bhZfL9sxTSNmDRUEK0bHk5MkBFlOBVsULhMNUsI7ZEOa1gqScR0kI1OHaANq7RQO1a2pEEj9ftERiKt+1FoOyNiuvq3NxT/8hqpaVeCjMskNUzS8aJ2KpCJ0fBv1OKKUSP6lhCquL0V0S5RhBqbzo8tmqeSm5tBwSbz9T76n5z7rrfjeie4tH80jgjysAbrsAke7MI+HMIx1IBCB+7gHh6cW+fReXKex60553NmFX7AefkAxQqX6A==</latexit>

e+

Outer pixel layers

Inner pixel layers

Stopping targetMuon 
beam

<latexit sha1_base64="mcmqIrENJhdMVDam3zM9TFeqc18=">AAACAXicdVDLSsNAFJ34rPVVdelmsAiCEBJL2i4LbnRXwbSFNpbJdNIOnUzCzEQsoRv9ALf6Ce6KW9d+hF/g2j9w0ipY0cMMHM65l3vv8WNGpbKsN2NhcWl5ZTW3ll/f2NzaLuzsNmSUCExcHLFItHwkCaOcuIoqRlqxICj0GWn6w9PMb14TIWnEL9UoJl6I+pwGFCOlJbcTJlfH3ULRMqvlkn7QMh2n5FgZsUp2teJA27SmKNaKH6+37qRc7xbeO70IJyHhCjMkZdu2YuWlSCiKGRnnO4kkMcJD1CdtTTkKifTS6bJjeKiVHgwioT9XcKr+7EhRKOUo9HVliNRA/vYy8S+vnaig6qWUx4kiHM8GBQmDKoLZ5bBHBcGKjTRBWFC9K8QDJBBWOp+5KZImnKqbcV4n830+/J80Tky7bNoXOqJzMEMO7IMDcARsUAE1cAbqwAUYUHAPHsCjcWc8GRPjeVa6YHz17IE5GC+fdsibqg==</latexit>

µ+

<latexit sha1_base64="JSy22cRNonHC+bh5ruBCe0GXG4I=">AAAB/XicdVDLTgIxFL2DL8QX6tJNIzFxNelIBthJ4kZ3kMgjAUI6pUBDpzNpO0ZCiB/gVj/BnXHrb7j1C/wNC2giRk/a5OSce3PvPUEsuDYYvzupldW19Y30ZmZre2d3L7t/UNdRoiir0UhEqhkQzQSXrGa4EawZK0bCQLBGMLqY+Y0bpjSP5LUZx6wTkoHkfU6JsVK12c3msFsq5O1D2PX9vI9nBOe9UtFHnovnyJ2/wRyVbvaj3YtoEjJpqCBatzwcm86EKMOpYNNMO9EsJnREBqxlqSQh053JfNEpOrFKD/UjZb80aK7+7JiQUOtxGNjKkJih/u3NxL+8VmL6pc6EyzgxTNLFoH4ikInQ7GrU44pRI8aWEKq43RXRIVGEGpvN0hTNE8nN7TRjk/k+H/1P6meuV3C9Ks6VrxYRQRqO4BhOwYMilOESKlADCgzu4QEenTvnyXl2XhalKeer5xCW4Lx+AqARl0w=</latexit>

X

38
 m

m

100 mm

<latexit sha1_base64="I0/YBrCKbxJ8nsG/ibDPB8FNvGw=">AAACGXicdVDLSgNBEJz1GeMr6jGXwSB4WnbFqMegF48RjRGSJcxOeuPg7Owy0yuGJQe/ww/wqp/gTbx68gv8DScxgvFR0FBUddPdFaZSGPS8N2dqemZ2br6wUFxcWl5ZLa2tn5sk0xwaPJGJvgiZASkUNFCghItUA4tDCc3w6mjoN69BG5GoM+ynEMSsp0QkOEMrdUrlNsIN5qdcKBRSWlX1aCRCDWbQKVU8t+p5O9V9+pv4rjdChYxR75Te292EZzEo5JIZ0/K9FIOcaRRcwqDYzgykjF+xHrQsVSwGE+SjJwZ0yypdGiXalkI6Ur9P5Cw2ph+HtjNmeGl+ekPxL6+VYXQQ5EKlGYLin4uiTFJM6DAR2hUaOMq+JYxrYW+l/JJpxtHmNrHFiEwJvBkUbTJf79P/yfmO6++5/slupXY4zqhAymSTbBOf7JMaOSZ10iCc3JJ78kAenTvnyXl2Xj5bp5zxzAaZgPP6Ad0sogo=</latexit>

Scintillating fibres

<latexit sha1_base64="PeDrVHs6VikIkkJIlLpRDGf/Ueo=">AAAB/3icdVDLSgMxFL3js9ZX1aWbYBEEYUiqtt1ZcKO7itYKbZVMmrbBTGZIMmIpXfgBbvUT3Ilb/8KtX+BvmE4VVPTAhcM593LvPUEshbEYv3kTk1PTM7OZuez8wuLScm5l9cxEiWa8xiIZ6fOAGi6F4jUrrOTnseY0DCSvB1cHI79+zbURkTq1/Zi3QtpVoiMYtU464Rfbl7k89vHubhkXEPZ3SKlEiCN7e8Uy2UHExyny+6+QonqZe2+2I5aEXFkmqTENgmPbGlBtBZN8mG0mhseUXdEubziqaMhNa5CeOkSbTmmjTqRdKYtS9fvEgIbG9MPAdYbU9sxvbyT+5TUS2ym3BkLFieWKjRd1EolshEZ/o7bQnFnZd4QyLdytiPWopsy6dH5sMSJRwt4Msy6Zr/fR/+Ss4JOiT45xvnI0jggysA4bsAUESlCBQ6hCDRh04Q7u4cG79R69J+953Drhfc6swQ94Lx/GW5fp</latexit>

e+ <latexit sha1_base64="9UZbJsu3ki2zkzcL/t3YE6Ny+9c=">AAAB/3icdVDLSgMxFM34rPVVdekmWAQ3Dplpqe2u4EZ3Fe0D2loyaaYNzWSGJCOWoQs/wK1+gjtx66f4Bf6GmbaCFT1w4XDOvdx7jxdxpjRCH9bS8srq2npmI7u5tb2zm9vbb6gwloTWSchD2fKwopwJWtdMc9qKJMWBx2nTG52nfvOOSsVCcaPHEe0GeCCYzwjWRrqmt6e9XB7ZpYLrogpENnIrBbeQknKxXETQsdEUeTBHrZf77PRDEgdUaMKxUm0HRbqbYKkZ4XSS7cSKRpiM8IC2DRU4oKqbTE+dwGOj9KEfSlNCw6n6cyLBgVLjwDOdAdZD9dtLxb+8dqz9cjdhIoo1FWS2yI851CFM/4Z9JinRfGwIJpKZWyEZYomJNuksbFEsFkzfT7Imme/34f+k4dpOyXauivnq5TyjDDgER+AEOOAMVMEFqIE6IGAAHsETeLYerBfr1XqbtS5Z85kDsADr/QtDnpbf</latexit>

e�

Displaced vertices
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Backgrounds
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Internal 
conversion

without pointing

Bhabha

with pointing

<latexit sha1_base64="dMU8lxTS+t6DnwIYx0Rj9V2EqhM="></latexit>

(⇥10�4)

<latexit sha1_base64="kqFgEZRSAQeH40/nCZrGx/R/JS0="></latexit>

(⇥102)

<latexit sha1_base64="wp9AwA1w52xYAXzx4QdznjvDyQI=">AAACFnicbZDLSsNAFIYn9VbrLepGcDPYCq5KUkTdCEURXFawF2himEym7dDJJMxMhBLic/gAbvUR3Ilbtz6Br+G0zcK2Hhj4+f9z5sx8fsyoVJb1bRSWlldW14rrpY3Nre0dc3evJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/eD3O249ESBrxezWKiRuiPqc9ipHSlmceVGIvdSRDckACeJM9OGECL6FV8cyyVbUmBReFnYsyyKvhmT9OEOEkJFxhfZ3s2las3BQJRTEjWclJJIkRHqI+6WrJUUikm05+kMFj7QSwFwl9uIIT9+9EikIpR6GvO0OkBnI+G5v/Zd1E9S7clPI4UYTj6aJewqCK4BgHDKggWLGRFggLqt8K8QAJhJWGNrMlZ5SVNBl7nsOiaNWq9ln19K5Wrl/ljIrgEByBE2CDc1AHt6ABmgCDJ/ACXsGb8Wy8Gx/G57S1YOQz+2CmjK9f9E+eeA==</latexit>

pµ/E = 0

<latexit sha1_base64="5VqxZ7626OjzuMH3fThYEBF0JSY=">AAACFHicbZDLSsNAFIYn9VbrLSq4cTPYCq5KUkRdSVEElxXsBdoYJpNJO3QyCTMTocS8hg/gVh/Bnbh17xP4Gk7bLGzrDwM//zlnzuHzYkalsqxvo7C0vLK6VlwvbWxube+Yu3stGSUCkyaOWCQ6HpKEUU6aiipGOrEgKPQYaXvD63G9/UiEpBG/V6OYOCHqcxpQjJSOXPOgErtpTzIkB8SHN9lDDV5Cq+KaZatqTQQXjZ2bMsjVcM2fnh/hJCRcYf2Z7NpWrJwUCUUxI1mpl0gSIzxEfdLVlqOQSCed3J/BY534MIiEflzBSfp3IkWhlKPQ050hUgM5XxuH/9W6iQounJTyOFGE4+miIGFQRXAMA/pUEKzYSBuEBdW3QjxAAmGlkc1syQllJU3GnuewaFq1qn1WPb2rletXOaMiOARH4ATY4BzUwS1ogCbA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C+zenVk=</latexit>

p2/E > 0

No “neutrinos”

Whit “neutrinos”



10

µ+

e+

e+

e�

a

Pointing

Mass reconstruction

<latexit sha1_base64="MMoRqxtWfUCqOn+L3GrmRn+U5cY="></latexit>

La = geeaē�5e+ gµeaµ̄�5e

LFV ALP
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Displaced

<latexit sha1_base64="zfOflFzzsdpRDOGk2W5/Dfj/xHE=">AAACB3icbVBJSgNBFK2OU4xT1KWbwiC4MXSLOOwCblxGMAMkTVNdqU6K1NDUIIYmB/AAbvUI7sStx/AEXsNK0guT+ODD473/+f+/OGVUG9//9gorq2vrG8XN0tb2zu5eef+gqaVVmDSwZFK1Y6QJo4I0DDWMtFNFEI8ZacXD24nfeiRKUykezCglIUd9QROKkXFSh0ddbuEZ5BGJyhW/6k8Bl0mQkwrIUY/KP92exJYTYTBDWncCPzVhhpShmJFxqWs1SREeoj7pOCoQJzrMpieP4YlTejCRypUwcKr+ncgQ13rEY9fJkRnoRW8i/ud1rEmuw4yK1Boi8GxRYhk0Ek7+hz2qCDZs5AjCirpbIR4ghbBxKc1t0dQKap7GJZdMsJjDMmmeV4PLanB/Uand5BkVwRE4BqcgAFegBu5AHTQABhK8gFfw5j17796H9zlrLXj5zCGYg/f1C23WmZY=</latexit> m
µ
�
m

e

Prompt

<latexit sha1_base64="N+7ikjTHWIjmd83IwC631KIyX4g=">AAACF3icbZDLSgMxGIUzXmu9VV2Jm2AR3FgmIl4WguLGpYJVoS0lk/5tQ5PMkItYhkFfwwdwq4/gTty69Al8DdPLQlsPBA7n/OFPvigR3Ngw/AomJqemZ2Zzc/n5hcWl5cLK6rWJnWZQZrGI9W1EDQiuoGy5FXCbaKAyEnATdc56/c0daMNjdWW7CdQkbSne5IxaH9UL6616WpUOQ4aPcVU5mZLSEewQktULxbAU9oXHDRmaIhrqol74rjZi5iQoywQ1pkLCxNZSqi1nArJ81RlIKOvQFlS8VVSCqaX9L2R4yycN3Iy1P8rifvr7RkqlMV0Z+UlJbduMdr3wv67ibPOwlnKVOAuKDRY1ncA2xj0euME1MCu63lCmuX8rZm2qKbOe2p8thjvF7X2W92TIKIdxc71bIvslcrlXPDl9HDDKoQ20ibYRQQfoBJ2jC1RGDD2gZ/SCXoOn4C14Dz4GoxPBkOsa+qPg8wepSZ9h</latexit>

gµe = 1.9⇥ 10�11

3
 re

co
ns

tr
uc

te
d

e 2
 re

co
ns

tr
uc

te
d

eSN1987A
<latexit sha1_base64="bv7Zpc69CIMTOdmYFa8PM+0Oh8w="></latexit>

c⌧a = 1010 cm

<latexit sha1_base64="dbtW1Q/eAb4EpH3cTLa2OlcBE30=">AAACEXicdVDLSgMxFL1TX7W+Rrt0EyyCIJQZBbUrC25cVrAPaMeSSTNtaCYzJBmxDP0KP8CtfoK74tYv8Av8DTOtgvVxIORwzr3ce48fc6a047xZuYXFpeWV/GphbX1jc8ve3mmoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZH7zlkrFInGtRzH1QtwXLGAEayN17WInZjeHqKMjRLNfJAh37ZJTPq64juug38QtO1OUzicwRa1rv3d6EUlCKjThWKm268TaS7HUjHA6LnQSRWNMhrhP24YKHFLlpdPlx2jfKD0URNI8odFU/d6R4lCpUeibyhDrgfrpZeJfXjvRwZmXMhEnmgoyGxQkHJlTsyRQj0lKNB8ZgolkZldEBlhiok1ec1MUSwTTd+OCSebrfPQ/aRyV3ZOye+WUqpVZRJCHXdiDA3DhFKpwCTWoA4ERPMAjPFn31rM1sV5mpTnrs6cIc7BePwC0g52f</latexit>

⇡+ ! e+⌫a

SINDRUM <latexit sha1_base64="KkS5HA+e97wxD2kNERPMBIx5Oqo=">AAACBnicdVC7SgNBFJ2Nrxhf0ZQ2g0GwWnYTUNMFbCwjmAdmF5mdzCZDZmaXeYghpPcDbLW2shNbCyv/wC+w9g+cJArGx4ELh3Pu5d5zo5RRpT3v1cnMzS8sLmWXcyura+sb+c2thkqMxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzT2mxdEKpqIUz1ISchRV9CYYqStdBZwAwOdwDI5zxc9t1zxPd+Dv4nvehMUq4X359JL8652nn8LOgk2nAiNGVKq7XupDodIaooZGeUCo0iKcB91SdtSgThR4XBy8QjuWqUD40TaEhpO1O8TQ8SVGvDIdnKke+qnNxb/8tpGx4fhkIrUaCLwdFFsGLQZx/Fhh0qCNRtYgrCk9laIe0girO2TZrYoagTVl6Oc/cxXfPg/aZRcf9/1T+yLKmCKLNgGO2AP+OAAVMExqIE6wECAa3ADbp0r5955cB6nrRnnc6YAZuA8fQC5PJ1i</latexit>

µ ! 3e
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10°16

10°14

10°12

10°10

10°8
F
V

co
u
p
li
n
g

g µ
e

Orsay
E137

Mu3eDisplaced

Prompt
SN1987A

<latexit sha1_base64="u7VdPAF8RtEshl07e9SlfRv793k=">AAACD3icdVDLSgNBEJz1bXxFPXoZDIIXw66Kj4MYUMRjBKOBJITZSScZMju7zPSqYclH+AFe9e7Fm3j1E/wCf8GDByeJgvFR0FBUddPd5UdSGHTdF2doeGR0bHxiMjU1PTM7l55fODNhrDkUeChDXfSZASkUFFCghGKkgQW+hHO/ddD1zy9AGxGqU2xHUAlYQ4m64AytVE3PA9AywhUmazUtLkB1qumMm93Y9VzPpb+Jl3V7yOy/H+4d3bfe8tX0a7kW8jgAhVwyY0qeG2ElYRoFl9BJlWMDEeMt1oCSpYoFYCpJ7/QOXbFKjdZDbUsh7anfJxIWGNMOfNsZMGyan15X/MsrxVjfqSRCRTGC4v1F9VhSDGk3B1oTGjjKtiWMa2FvpbzJNONo0xrYYkSsBF51UjaZr/fp/+RsPettZb0TN5PbJH1MkCWyTFaJR7ZJjhyTPCkQTi7JDbkld8618+A8Ok/91iHnc2aRDMB5/gDewKFL</latexit>

ee-driven

<latexit sha1_base64="sfkNtUmk65TqG7lG8uPXaDwBwAY=">AAACEXicdVBLSgNBEO3xb/xFXbppDIIuDDMqflYKIrhUMCaQDKGnp5I06ekZumvEMOQUHsCtHkHciFtP4AnEW9hJFIyfBwWP96qoqhckUhh03VdnZHRsfGJyajo3Mzs3v5BfXLo0cao5lHgsY10JmAEpFJRQoIRKooFFgYRy0D7u+eUr0EbE6gI7CfgRayrREJyhler5ZahFKa0hXGO2GWpxBapbzxfc4vaB53ou/U28ottH4Wjh/XAj93hyVs+/1cKYpxEo5JIZU/XcBP2MaRRcQjdXSw0kjLdZE6qWKhaB8bP+8V26ZpWQNmJtSyHtq98nMhYZ04kC2xkxbJmfXk/8y6um2Nj3M6GSFEHxwaJGKinGtJcEDYUGjrJjCeNa2FspbzHNONq8hrYYkSqB192cTebrffo/udwqertF79xGtEMGmCIrZJWsE4/skSNySs5IiXDSIbfkjtw7N86D8+Q8D1pHnM+ZZTIE5+UDisqgyw==</latexit>

eµ-driven

<latexit sha1_base64="MxMIVmzdeZGfw7SEJleM1RwWEZM=">AAACEXicbVA9SwNBEJ2LXzFGjQYrm8UgWIU7BbURIjZaCBHNByQh7G02yZK9vWN3TxKOA1trf4CtYmllJ7b+An+Bf8NNYmESHwzzeG+GGZ4bcKa0bX9Zibn5hcWl5HJqJb26tp7Z2CwrP5SElojPfVl1saKcCVrSTHNaDSTFnstpxe2dDf3KLZWK+eJGDwLa8HBHsDYjWBupmcl6TYxOUP36Ijqw46h+SctxM5Oz8/YIaJY4vyRX2HrN9V/S98Vm5rve8knoUaEJx0rVHDvQjQhLzQincaoeKhpg0sMdWjNUYI+qRjR6Pka7Rmmhti9NCY1G6t+NCHtKDTzXTHpYd9W0NxT/82qhbh83IiaCUFNBxofaIUfaR8MkUItJSjQfGIKJZOZXRLpYYqJNXhNXFAsF0/04ZZJxpnOYJeX9vHOYd65MRKd3MEIStmEH9sCBIyjAORShBAQG8AhP8Gw9WG/Wu/UxHk1Y4w5ZmID1+QPGTKAv</latexit>

ma = 30MeV

Mu3e
<latexit sha1_base64="KvLrz9gUYKkYFxKl7uNMZhzkdZ8="></latexit>

µ ! e+ inv.

SINDRUM
<latexit sha1_base64="KkS5HA+e97wxD2kNERPMBIx5Oqo=">AAACBnicdVC7SgNBFJ2Nrxhf0ZQ2g0GwWnYTUNMFbCwjmAdmF5mdzCZDZmaXeYghpPcDbLW2shNbCyv/wC+w9g+cJArGx4ELh3Pu5d5zo5RRpT3v1cnMzS8sLmWXcyura+sb+c2thkqMxKSOE5bIVoQUYVSQuqaakVYqCeIRI82ofzT2mxdEKpqIUz1ISchRV9CYYqStdBZwAwOdwDI5zxc9t1zxPd+Dv4nvehMUq4X359JL8652nn8LOgk2nAiNGVKq7XupDodIaooZGeUCo0iKcB91SdtSgThR4XBy8QjuWqUD40TaEhpO1O8TQ8SVGvDIdnKke+qnNxb/8tpGx4fhkIrUaCLwdFFsGLQZx/Fhh0qCNRtYgrCk9laIe0girO2TZrYoagTVl6Oc/cxXfPg/aZRcf9/1T+yLKmCKLNgGO2AP+OAAVMExqIE6wECAa3ADbp0r5955cB6nrRnnc6YAZuA8fQC5PJ1i</latexit>

µ!
3e

<latexit sha1_base64="dbtW1Q/eAb4EpH3cTLa2OlcBE30=">AAACEXicdVDLSgMxFL1TX7W+Rrt0EyyCIJQZBbUrC25cVrAPaMeSSTNtaCYzJBmxDP0KP8CtfoK74tYv8Av8DTOtgvVxIORwzr3ce48fc6a047xZuYXFpeWV/GphbX1jc8ve3mmoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZH7zlkrFInGtRzH1QtwXLGAEayN17WInZjeHqKMjRLNfJAh37ZJTPq64juug38QtO1OUzicwRa1rv3d6EUlCKjThWKm268TaS7HUjHA6LnQSRWNMhrhP24YKHFLlpdPlx2jfKD0URNI8odFU/d6R4lCpUeibyhDrgfrpZeJfXjvRwZmXMhEnmgoyGxQkHJlTsyRQj0lKNB8ZgolkZldEBlhiok1ec1MUSwTTd+OCSebrfPQ/aRyV3ZOye+WUqpVZRJCHXdiDA3DhFKpwCTWoA4ERPMAjPFn31rM1sV5mpTnrs6cIc7BePwC0g52f</latexit> ⇡
+
!
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⌫
a

SI
N

D
RU

M

<latexit sha1_base64="qa8PMqIZ7S2tKpmfR7ONpDrbDI4="></latexit> c⌧
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a

e+

e�

µ+

⌫e

⌫̄µ

e+

Pointing

Mass reconstruction

<latexit sha1_base64="NwtgSdaIs1TkYhB3/4HrLkwBcpI="></latexit>

La = gµµaµ̄�5µ+ geeaē�5e

LFC ALP



14

10°8 10°7 10°6 10°5 10°4

Electron coupling gee

10°6

10°5

10°4

10°3

10°2
M

u
on

co
u
p
li
n
g

g µ
µ

Mu3e
Displaced

Prompt

Orsay
E137

SI
N

D
RU

M

<latexit sha1_base64="6EzIGOYUcsct17FxA6etTG1rnLI="></latexit>

�aexpµ 5�-limit

<latexit sha1_base64="ule4eaYgvVoY53ZV5nSZluRe65Y=">AAACBXicdVC7SgNBFJ2NrxhfUUub0SDEwmU3go9GAmksI5iHJEuYncwmQ2Zml5lZNSwprCwsxU4/wU5s/Q6/wN9wkigYHwcuHM65l3vv8SNGlXacNys1NT0zO5eezywsLi2vZFfXqiqMJSYVHLJQ1n2kCKOCVDTVjNQjSRD3Gan5vdLQr10QqWgoznQ/Ih5HHUEDipE20nm+s1vYaTV53MrmHHvvyHVcB/4mru2MkCtuXrLb0v11uZV9b7ZDHHMiNGZIqYbrRNpLkNQUMzLINGNFIoR7qEMahgrEifKS0cEDuG2UNgxCaUpoOFK/TySIK9XnvunkSHfVT28o/uU1Yh0cegkVUayJwONFQcygDuHwe9imkmDN+oYgLKm5FeIukghrk9HEFkVjQfXVIGOS+Xof/k+qBdvdt91TE9ExGCMNNsAWyAMXHIAiOAFlUAEYcHAHHsCjdWM9Wc/Wy7g1ZX3OrIMJWK8fVIib4Q==</latexit>

(g � 2)µ
SN

19
87

A

<latexit sha1_base64="MxMIVmzdeZGfw7SEJleM1RwWEZM=">AAACEXicbVA9SwNBEJ2LXzFGjQYrm8UgWIU7BbURIjZaCBHNByQh7G02yZK9vWN3TxKOA1trf4CtYmllJ7b+An+Bf8NNYmESHwzzeG+GGZ4bcKa0bX9Zibn5hcWl5HJqJb26tp7Z2CwrP5SElojPfVl1saKcCVrSTHNaDSTFnstpxe2dDf3KLZWK+eJGDwLa8HBHsDYjWBupmcl6TYxOUP36Ijqw46h+SctxM5Oz8/YIaJY4vyRX2HrN9V/S98Vm5rve8knoUaEJx0rVHDvQjQhLzQincaoeKhpg0sMdWjNUYI+qRjR6Pka7Rmmhti9NCY1G6t+NCHtKDTzXTHpYd9W0NxT/82qhbh83IiaCUFNBxofaIUfaR8MkUItJSjQfGIKJZOZXRLpYYqJNXhNXFAsF0/04ZZJxpnOYJeX9vHOYd65MRKd3MEIStmEH9sCBIyjAORShBAQG8AhP8Gw9WG/Wu/UxHk1Y4w5ZmID1+QPGTKAv</latexit>

ma = 30MeV

10
2 c

m

10
4 c

m

<latexit sha1_base64="qa8PMqIZ7S2tKpmfR7ONpDrbDI4="></latexit> c⌧
a
=

10
�
2
cm

1c
m

<latexit sha1_base64="e3M8y0Fu28Qeu9jG8eoXt+hXf90="></latexit>

gµµ
=
mµ

m e

g ee

PI
O

N
EE

R
<latexit sha1_base64="dbtW1Q/eAb4EpH3cTLa2OlcBE30=">AAACEXicdVDLSgMxFL1TX7W+Rrt0EyyCIJQZBbUrC25cVrAPaMeSSTNtaCYzJBmxDP0KP8CtfoK74tYv8Av8DTOtgvVxIORwzr3ce48fc6a047xZuYXFpeWV/GphbX1jc8ve3mmoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZH7zlkrFInGtRzH1QtwXLGAEayN17WInZjeHqKMjRLNfJAh37ZJTPq64juug38QtO1OUzicwRa1rv3d6EUlCKjThWKm268TaS7HUjHA6LnQSRWNMhrhP24YKHFLlpdPlx2jfKD0URNI8odFU/d6R4lCpUeibyhDrgfrpZeJfXjvRwZmXMhEnmgoyGxQkHJlTsyRQj0lKNB8ZgolkZldEBlhiok1ec1MUSwTTd+OCSebrfPQ/aRyV3ZOye+WUqpVZRJCHXdiDA3DhFKpwCTWoA4ERPMAjPFn31rM1sV5mpTnrs6cIc7BePwC0g52f</latexit> ⇡
+
!

e+
⌫
a
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µ+

⌫e

e+

N̄

⌫̄µ

A0
e+

e�

Pointing

Mass reconstruction

HNL + Dark Photon
Ballett, Hostert, Pascoli: 1903.07589

<latexit sha1_base64="FYYUqy/J7hm+FHr8mMQUmz1iEnM=">AAACG3icbVDLSgMxFM34rPVVdSlCsBVclZki6sJF1Y0rqWAf0NYhk7nThiYzQ5IRytCV3+EHuNVPcCduXfgF/obpY2FbD1w4Oedebu7xYs6Utu1va2FxaXllNbOWXd/Y3NrO7ezWVJRIClUa8Ug2PKKAsxCqmmkOjVgCER6Hute7Hvr1R5CKReG97sfQFqQTsoBRoo3k5g4KJeHChXDTy4dWLJmAgXncmmqJpODm8nbRHgHPE2dC8miCipv7afkRTQSEmnKiVNOxY91OidSMchhkW4mCmNAe6UDT0JAIUO10dMYAHxnFx0EkTYUaj9S/EykRSvWFZzoF0V016w3F/7xmooPzdsrCONEQ0vGiIOFYR3iYCfaZBKp53xBCJTN/xbRLJKHaJDe1RZmjuuAPsiYZZzaHeVIrFZ3T4sldKV++mmSUQfvoEB0jB52hMrpBFVRFFD2hF/SK3qxn6936sD7HrQvWZGYPTcH6+gWnCKEM</latexit>

2me < mA0 < mN < mµ



16

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="t8X/CfOz7qEbEOXS7EWYYTH1Fvg=">AAACE3icbVBLSgNBEK2Jvxh/UXHlpjEIbgwzCupGjLhxGcF8IImhp9OTNOnpGbp7gmEY8BIewK0ewZ2IOw/gCbyGnYkLk/igqMd7VVTx3JAzpW37y8rMzS8sLmWXcyura+sb+c2tqgoiSWiFBDyQdRcrypmgFc00p/VQUuy7nNbc/tXIrw2oVCwQt3oY0paPu4J5jGBtpHZ+pznAkoaK8UCgc+TYd/HhcdLOF+yinQLNEueXFC4+vBTldv672QlI5FOhCcdKNRw71K0YS80Ip0muGSkaYtLHXdowVGCfqlacvp+gfaN0kBdIU0KjVP27EWNfqaHvmkkf656a9kbif14j0t5ZK2YijDQVZHzIizjSARplgTpMUqL50BBMJDO/ItLDEhNtEpu4olgkmL5PciYZZzqHWVI9KjonRefGLpQuHyBFFnZhDw7AgVMowTWUoQIEYniCZ3ixHq1X6816H49mrHGHbZiA9fkDRsahow==</latexit>

" = 10�3
<latexit sha1_base64="yk/gEOTwztzyRlp+3gTCKOM+mcE=">AAACCnicbVA9SwNBEJ3zM8aoUbGyWQyC1XFnoTZCRAvLCOYDkjPsbTbJkr29Y3dPEo6AreAPsNXWTiux9U/4C/wbbi4WJvHBMI/3Zpjh+RFnSjvOlzU3v7C4tJxZya7m1tY38ptbFRXGktAyCXkoaz5WlDNBy5ppTmuRpDjwOa36vfORX72lUrFQXOtBRL0AdwRrM4K1kW4amEdd3LxAp8ix3Wa+4NhOCjRL3F9SKO68FfovuftSM//daIUkDqjQhGOl6q4TaS/BUjPC6TDbiBWNMOnhDq0bKnBAlZekXw/RvlFaqB1KU0KjVP27keBAqUHgm8kA666a9kbif1491u0TL2EiijUVZHyoHXOkQzSKALWYpETzgSGYSGZ+RaSLJSbaBDVxRbFYMN0fZk0y7nQOs6RyaLtHtntlIjq7gxQZ2IU9OAAXjqEIl1CCMhCQ8AhP8Gw9WK/Wu/UxHp2zxh22YQLW5w/WyJ2E</latexit>

↵D = 0.1

NA62

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="U7SzNoQXlyUMjoseW6QlByvgebk=">AAACD3icbVBLSgNBFOyJvxh/E124cNMYBFdhRsS4EQJudCMRzAeSEHs6naRJT8/Q/UYThhzCA7jVI2Qnbj2CF9CdZ7DzWZjEggdF1XvUo7xQcA2O82kllpZXVteS66mNza3tHTu9W9JBpCgr0kAEquIRzQSXrAgcBKuEihHfE6zsdS9HfvmBKc0DeQf9kNV90pa8xSkBIzXs9E2jBqwHsddtD/AFzjkNO+NknTHwInGnJJPfv/76GSbuCw37u9YMaOQzCVQQrauuE0I9Jgo4FWyQqkWahYR2SZtVDZXEZ7oej18f4COjNHErUGYk4LH69yImvtZ93zObPoGOnvdG4n9eNYLWeT3mMoyASToJakUCQ4BHPeAmV4yC6BtCqOLmV0w7RBEKpq2ZFM0jyaE3SJlm3PkeFknpJOueZd1bU9EpmiCJDtAhOkYuyqE8ukIFVEQUPaJn9IJerSdraL1Z75PVhDW92UMzsD5+AX9Jn70=</latexit>

Nbkg = 70
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• Muon experiments: COOL 

• Displaced vertices: COOL 

• CP violation: COOL (but you don’t know how much)

Summary



18

Backup slides
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<latexit sha1_base64="bZKhVW8CZ0ah6SFokf70/DJV5P0="></latexit>

P (`) =
R
dz0 d� dcos ✓ p(z0)⇥A(z0,�, cos ✓)⇥

⇥
e�`0/` � e�`1(z0,�,cos ✓)/`

⇤
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<latexit sha1_base64="pdAIDat4BJ4C/0W6gDqP6x2W3c8=">AAACFHicbVDLSgMxFM3UV62vquDGzWArCEKZKaIui25cVrAPaMeSydy2oZkHyR2xjPMbfoBb/QR34ta9X+BvmD4WtvVA4HDOvTnJcSPBFVrWt5FZWl5ZXcuu5zY2t7Z38rt7dRXGkkGNhSKUTZcqEDyAGnIU0IwkUN8V0HAH1yO/8QBS8TC4w2EEjk97Ae9yRlFLnfxBG+ERx/ckErw0KcL9aTHt5AtWyRrDXCT2lBTIFNVO/qfthSz2IUAmqFIt24rQSahEzgSkuXasIKJsQHvQ0jSgPignGeem5rFWPLMbSn0CNMfq342E+koNfVdP+hT7at4bif95rRi7l07CgyhGCNgkqBsLE0NzVIbpcQkMxVATyiTXbzVZn0rKUFc2k6L0p/q6n5xuxp7vYZHUyyX7vHR2Wy5UrqYdZckhOSInxCYXpEJuSJXUCCNP5IW8kjfj2Xg3PozPyWjGmO7skxkYX7+rMp8I</latexit>

e+

<latexit sha1_base64="FauXt9ScITEqtx9Jf1m3s16YlVw=">AAACFHicbVDLSgMxFM3UV62vquDGzWAruLHMFFGXRTcuK9gHtGPJZG7b0MyD5I5YxvkNP8CtfoI7ceveL/A3TB8L23ogcDjn3pzkuJHgCi3r28gsLa+srmXXcxubW9s7+d29ugpjyaDGQhHKpksVCB5ADTkKaEYSqO8KaLiD65HfeACpeBjc4TACx6e9gHc5o6ilTv6gjfCI43sSCV6aFOH+tJh28gWrZI1hLhJ7Sgpkimon/9P2Qhb7ECATVKmWbUXoJFQiZwLSXDtWEFE2oD1oaRpQH5STjHNT81grntkNpT4BmmP170ZCfaWGvqsnfYp9Ne+NxP+8VozdSyfhQRQjBGwS1I2FiaE5KsP0uASGYqgJZZLrt5qsTyVlqCubSVH6U33dT043Y8/3sEjq5ZJ9Xjq7LRcqV9OOsuSQHJETYpMLUiE3pEpqhJEn8kJeyZvxbLwbH8bnZDRjTHf2yQyMr1+uaJ8K</latexit>
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