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Multi-Lepton signatures
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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>
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<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 from muon decays
Opferkuch, Knapen, Redigolo, Tammaro: 

2410.13941
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Ballett, Hostert, Pascoli: 1903.07589

HNL + Dark Photon

<latexit sha1_base64="K7GiPRRcnpxC7cFpGwVs+UiBcHk=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AruCozRdSFQtGNywr2Ae0wZNLbNjSZGZKMUMYu/BU3LhRx62+4829M21lo64F7OZxzL7k5QcyZ0o7zbeWWlldW1/LrhY3Nre0de3evoaJEUqjTiEeyFRAFnIVQ10xzaMUSiAg4NIPhzcRvPoBULArv9SgGT5B+yHqMEm0k3z4oCT8FGOMrLPwWvjS9I5KSbxedsjMFXiRuRoooQ823vzrdiCYCQk05UartOrH2UiI1oxzGhU6iICZ0SPrQNjQkApSXTu8f42OjdHEvkqZCjafq742UCKVGIjCTguiBmvcm4n9eO9G9Cy9lYZxoCOnsoV7CsY7wJAzcZRKo5iNDCJXM3IrpgEhCtYmsYEJw57+8SBqVsntWPr2rFKvXWRx5dIiO0Aly0TmqoltUQ3VE0SN6Rq/ozXqyXqx362M2mrOynX30B9bnD5aQlIs=</latexit>

mee = mX < mµ

Opferkuch, Knapen, Redigolo, Tammaro: 
2410.13941
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<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>
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<latexit sha1_base64="MxMIVmzdeZGfw7SEJleM1RwWEZM=">AAACEXicbVA9SwNBEJ2LXzFGjQYrm8UgWIU7BbURIjZaCBHNByQh7G02yZK9vWN3TxKOA1trf4CtYmllJ7b+An+Bf8NNYmESHwzzeG+GGZ4bcKa0bX9Zibn5hcWl5HJqJb26tp7Z2CwrP5SElojPfVl1saKcCVrSTHNaDSTFnstpxe2dDf3KLZWK+eJGDwLa8HBHsDYjWBupmcl6TYxOUP36Ijqw46h+SctxM5Oz8/YIaJY4vyRX2HrN9V/S98Vm5rve8knoUaEJx0rVHDvQjQhLzQincaoeKhpg0sMdWjNUYI+qRjR6Pka7Rmmhti9NCY1G6t+NCHtKDTzXTHpYd9W0NxT/82qhbh83IiaCUFNBxofaIUfaR8MkUItJSjQfGIKJZOZXRLpYYqJNXhNXFAsF0/04ZZJxpnOYJeX9vHOYd65MRKd3MEIStmEH9sCBIyjAORShBAQG8AhP8Gw9WG/Wu/UxHk1Y4w5ZmID1+QPGTKAv</latexit>

ma = 30MeV
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<latexit sha1_base64="qa8PMqIZ7S2tKpmfR7ONpDrbDI4="></latexit> c⌧
a
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<latexit sha1_base64="e3M8y0Fu28Qeu9jG8eoXt+hXf90="></latexit>
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<latexit sha1_base64="dbtW1Q/eAb4EpH3cTLa2OlcBE30=">AAACEXicdVDLSgMxFL1TX7W+Rrt0EyyCIJQZBbUrC25cVrAPaMeSSTNtaCYzJBmxDP0KP8CtfoK74tYv8Av8DTOtgvVxIORwzr3ce48fc6a047xZuYXFpeWV/GphbX1jc8ve3mmoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZH7zlkrFInGtRzH1QtwXLGAEayN17WInZjeHqKMjRLNfJAh37ZJTPq64juug38QtO1OUzicwRa1rv3d6EUlCKjThWKm268TaS7HUjHA6LnQSRWNMhrhP24YKHFLlpdPlx2jfKD0URNI8odFU/d6R4lCpUeibyhDrgfrpZeJfXjvRwZmXMhEnmgoyGxQkHJlTsyRQj0lKNB8ZgolkZldEBlhiok1ec1MUSwTTd+OCSebrfPQ/aRyV3ZOye+WUqpVZRJCHXdiDA3DhFKpwCTWoA4ERPMAjPFn31rM1sV5mpTnrs6cIc7BePwC0g52f</latexit> ⇡
+
!

e+
⌫
a

Phase I
Phase II

Phase I
Phase II

Big gain  
w.r.t beam dump experiments 

 in the short displacement regime 

Displaced vertices in SM particles decay
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<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
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<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?

What about Kaons?
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Bijnens, Ecker: hep-ph/9209261

E865: hep-ex/0204006
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Inclusive searches at LHCb

Di-muon resonances @ LHCb
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Inclusive searches at LHCb

Di-muon resonances @ LHCb

Strongest limits below 1 GeV!

ℓ+

ℓ−



Slide from L. Merli’s talk @ WIFAI

9

Inclusive triggers for electrons @ Run3

Inclusive triggers for  
di-electron resonances

100x yield thanks  
to software trigger



A new inclusive trigger line?

ℓ−

X ℓ+

ℓ−

3 leptons + 2 resonant: 

1 muon + 2 resonant electrons

1 muon + 2 resonant muons

1 electron + 2 resonant muons

1 electron + 2 resonant electrons

Options:

Backgrounds Estimate of the sensitivity


