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Why muons?

3 x 1017

Br[µ ! X] ⇡ ✏2

8⇡

mµ

�µ
<latexit sha1_base64="RyV4pkUGym92VaiNAefcihI3Kzg="></latexit>

Some tiny coupling

Some hidden 
sector stuff

We can also make a ton of these things (up to ~1018 depending on experiment)

Also works for pions, kaons, B’s and to lesser extent Higgs
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Signatures

(Ann-Kathrin already talked about this)
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be stable
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Dealing with the endpoint

For ma < MeV, the monochromatic Ee line sits on the Michel endpoint

Search likely systematics limited, good to explore alternatives

A-K Perrevoort: arXiv 1812.00741 

Mu3e

https://arxiv.org/abs/1812.00741
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Trading systematics for statistics 
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MEG II detector

Detector geometry and 
trigger assume:

• e+ and 𝛾 back-to-back 


• Ee ≈ mμ/2

e.g. B-field is non-uniform 
designed to sweep soft e+ 
away from tracker


Assumptions needed to 
estimate μ→ e + a + 𝛾 
acceptance & trigger rate
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Trigger at MEG II (very oversimplified)

Extracted from MEG’s μ→e𝛾𝜈𝜈 measurement (arXiv:1312.3217)

J. Jho, SK, D. Redigolo: arXiv 2203.11222 
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<latexit sha1_base64="2vMv1VOkXqpBRqYAWhwdPpz94W4=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMfgA70EopgHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi8SXINtf1tz8wuLS8uZlezq2vrGZm5ru6bDWFFWpaEIVcMjmgkuWRU4CNaIFCOBJ1jd65+P/PoDU5qH8g4GEXMD0pXc55SAke5bwJ4gKV9eHd6WL4btXN4u2GPgWeKkJI9SVNq5r1YnpHHAJFBBtG46dgRuQhRwKtgw24o1iwjtky5rGipJwLSbjK8e4n2jdLAfKlMS8Fj9PZGQQOtB4JnOgEBPT3sj8T+vGYN/6iZcRjEwSSeL/FhgCPEoAtzhilEQA0MIVdzcimmPKELBBJU1ITjTL8+S2lHBOS4Ub4r50lkaRwbtoj10gBx0gkroGlVQFVGk0DN6RW/Wo/VivVsfk9Y5K53ZQX9gff4AzbmSEQ==</latexit>

MEG-RMD
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<latexit sha1_base64="2vMv1VOkXqpBRqYAWhwdPpz94W4=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMfgA70EopgHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi8SXINtf1tz8wuLS8uZlezq2vrGZm5ru6bDWFFWpaEIVcMjmgkuWRU4CNaIFCOBJ1jd65+P/PoDU5qH8g4GEXMD0pXc55SAke5bwJ4gKV9eHd6WL4btXN4u2GPgWeKkJI9SVNq5r1YnpHHAJFBBtG46dgRuQhRwKtgw24o1iwjtky5rGipJwLSbjK8e4n2jdLAfKlMS8Fj9PZGQQOtB4JnOgEBPT3sj8T+vGYN/6iZcRjEwSSeL/FhgCPEoAtzhilEQA0MIVdzcimmPKELBBJU1ITjTL8+S2lHBOS4Ub4r50lkaRwbtoj10gBx0gkroGlVQFVGk0DN6RW/Wo/VivVsfk9Y5K53ZQX9gff4AzbmSEQ==</latexit>

MEG-RMD

Hardware Software
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MEG-RMD

Hardware Software

Photon threshold can in principle be lowered, but beam intensity 
must be reduced
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Missing mass at MEG II

Can reconstruct the missing invariant mass from the e + 𝛾

<latexit sha1_base64="2vMv1VOkXqpBRqYAWhwdPpz94W4=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMfgA70EopgHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi8SXINtf1tz8wuLS8uZlezq2vrGZm5ru6bDWFFWpaEIVcMjmgkuWRU4CNaIFCOBJ1jd65+P/PoDU5qH8g4GEXMD0pXc55SAke5bwJ4gKV9eHd6WL4btXN4u2GPgWeKkJI9SVNq5r1YnpHHAJFBBtG46dgRuQhRwKtgw24o1iwjtky5rGipJwLSbjK8e4n2jdLAfKlMS8Fj9PZGQQOtB4JnOgEBPT3sj8T+vGYN/6iZcRjEwSSeL/FhgCPEoAtzhilEQA0MIVdzcimmPKELBBJU1ITjTL8+S2lHBOS4Ub4r50lkaRwbtoj10gBx0gkroGlVQFVGk0DN6RW/Wo/VivVsfk9Y5K53ZQX9gff4AzbmSEQ==</latexit>

MEG-RMD

<latexit sha1_base64="9ELfUPlgb49OJoYyyaO+aXe44T8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURIp6LHrxWKFf0Iay2WzbpZtN2J2IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/fTv32A1OaR7IBk5h5IRlKPuCUgJH69lEP2COkjQiIwJoPJRHn/jjI+nbZqTgz4GXi5qSMctT79lcviGgSMglUEK27rhODlxIFnAqWlXqJZjGhYzJkXUMlCZn20tkDGT41SoAHkTIlAc/U3xMpCbWehL7pDAmM9KI3Ff/zugkMrr2UyzgBJul80SARGCI8TQMHXDEKYmIIoYqbWzEdEUUomMxKJgR38eVl0rqouJeV6n21XLvJ4yiiY3SCzpCLrlAN3aE6aiKKMvSMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fBxyWsQ==</latexit>

Total signal+bkd

<latexit sha1_base64="4nKWQy6WM+1g4K0bcb+zCL6WTsc="></latexit>

Signal (FV�A
µe = 1⇥ 108 GeV)

<latexit sha1_base64="wEpEjYOPJaseUX3sUvyauy+vZDU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHrwIUcwDkjXMznaSIbMPZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7vFgKjbb9beUWFpeWV/KrhbX1jc2t4vZOXUeJ4lDjkYxU02MapAihhgIlNGMFLPAkNLzBxdhvPIDSIgrvcBiDG7BeKLqCMzTSfRvhCdPb60vqDfxRp1iyy/YEdJ44GSmRDNVO8avtRzwJIEQumdYtx47RTZlCwSWMCu1EQ8z4gPWgZWjIAtBuOrl6RA+M4tNupEyFSCfq74mUBVoPA890Bgz7etYbi/95rQS7Z24qwjhBCPl0UTeRFCM6joD6QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKexZEne2SfHBKHnJIKuSJVUiOcKPJMXsmb9Wi9WO/Wx7Q1Z2Uzu+QPrM8fQBCSXA==</latexit>

RMD bkd
<latexit sha1_base64="EfGVgxzJnBFtNgcGM6tTcB/+SCY=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHYNUY9ELh7RyCOBDZmdbWDC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0dNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8ka1md8ag9IiCh9wEoMbsEEo+oIzNJLbRXjC9L5GvZE/7RVLdtmeg64SJyMlkqHeK351/YgnAYTIJdO649gxuilTKLiEaaGbaIgZH7EBdAwNWQDaTedHT+mZUXzaj5SpEOlc/T2RskDrSeCZzoDhUC97M/E/r5Ng/9pNRRgnCCFfLOonkmJEZwlQXyjgKCeGMK6EuZXyIVOMo8mpYEJwll9eJc2LsnNZrtxVStWbLI48OSGn5Jw45IpUyS2pkwbh5JE8k1fyZo2tF+vd+li05qxs5pj8gfX5A6AMkgQ=</latexit>

RC bkd
<latexit sha1_base64="P7i710ceFkgnAasYeYv3fzu9EQU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxW6Be0S8lm0zY0myzJbLEs/SdePCji1X/izX9j2u5BWx8MPN6bYWZemAhuwPO+ncLG5tb2TnG3tLd/cHjkHp+0jEo1ZU2qhNKdkBgmuGRN4CBYJ9GMxKFg7XB8P/fbE6YNV7IB04QFMRlKPuCUgJX6rtsD9gRZQwEROBxHs75b9ireAnid+Dkpoxz1vvvVixRNYyaBCmJM1/cSCDKigVPBZqVealhC6JgMWddSSWJmgmxx+QxfWCXCA6VtScAL9fdERmJjpnFoO2MCI7PqzcX/vG4Kg9sg4zJJgUm6XDRIBQaF5zHgiGtGQUwtIVRzeyumI6IJBRtWyYbgr768TlpXFf+6Un2slmt3eRxFdIbO0SXy0Q2qoQdUR01E0QQ9o1f05mTOi/PufCxbC04+c4r+wPn8AcXWk8I=</latexit>

Total bkd
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<latexit sha1_base64="9ELfUPlgb49OJoYyyaO+aXe44T8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURIp6LHrxWKFf0Iay2WzbpZtN2J2IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/fTv32A1OaR7IBk5h5IRlKPuCUgJH69lEP2COkjQiIwJoPJRHn/jjI+nbZqTgz4GXi5qSMctT79lcviGgSMglUEK27rhODlxIFnAqWlXqJZjGhYzJkXUMlCZn20tkDGT41SoAHkTIlAc/U3xMpCbWehL7pDAmM9KI3Ff/zugkMrr2UyzgBJul80SARGCI8TQMHXDEKYmIIoYqbWzEdEUUomMxKJgR38eVl0rqouJeV6n21XLvJ4yiiY3SCzpCLrlAN3aE6aiKKMvSMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fBxyWsQ==</latexit>

Total signal+bkd

<latexit sha1_base64="wEpEjYOPJaseUX3sUvyauy+vZDU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHrwIUcwDkjXMznaSIbMPZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7vFgKjbb9beUWFpeWV/KrhbX1jc2t4vZOXUeJ4lDjkYxU02MapAihhgIlNGMFLPAkNLzBxdhvPIDSIgrvcBiDG7BeKLqCMzTSfRvhCdPb60vqDfxRp1iyy/YEdJ44GSmRDNVO8avtRzwJIEQumdYtx47RTZlCwSWMCu1EQ8z4gPWgZWjIAtBuOrl6RA+M4tNupEyFSCfq74mUBVoPA890Bgz7etYbi/95rQS7Z24qwjhBCPl0UTeRFCM6joD6QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKexZEne2SfHBKHnJIKuSJVUiOcKPJMXsmb9Wi9WO/Wx7Q1Z2Uzu+QPrM8fQBCSXA==</latexit>

RMD bkd
<latexit sha1_base64="EfGVgxzJnBFtNgcGM6tTcB/+SCY=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHYNUY9ELh7RyCOBDZmdbWDC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0dNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8ka1md8ag9IiCh9wEoMbsEEo+oIzNJLbRXjC9L5GvZE/7RVLdtmeg64SJyMlkqHeK351/YgnAYTIJdO649gxuilTKLiEaaGbaIgZH7EBdAwNWQDaTedHT+mZUXzaj5SpEOlc/T2RskDrSeCZzoDhUC97M/E/r5Ng/9pNRRgnCCFfLOonkmJEZwlQXyjgKCeGMK6EuZXyIVOMo8mpYEJwll9eJc2LsnNZrtxVStWbLI48OSGn5Jw45IpUyS2pkwbh5JE8k1fyZo2tF+vd+li05qxs5pj8gfX5A6AMkgQ=</latexit>

RC bkd
<latexit sha1_base64="P7i710ceFkgnAasYeYv3fzu9EQU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxW6Be0S8lm0zY0myzJbLEs/SdePCji1X/izX9j2u5BWx8MPN6bYWZemAhuwPO+ncLG5tb2TnG3tLd/cHjkHp+0jEo1ZU2qhNKdkBgmuGRN4CBYJ9GMxKFg7XB8P/fbE6YNV7IB04QFMRlKPuCUgJX6rtsD9gRZQwEROBxHs75b9ireAnid+Dkpoxz1vvvVixRNYyaBCmJM1/cSCDKigVPBZqVealhC6JgMWddSSWJmgmxx+QxfWCXCA6VtScAL9fdERmJjpnFoO2MCI7PqzcX/vG4Kg9sg4zJJgUm6XDRIBQaF5zHgiGtGQUwtIVRzeyumI6IJBRtWyYbgr768TlpXFf+6Un2slmt3eRxFdIbO0SXy0Q2qoQdUR01E0QQ9o1f05mTOi/PufCxbC04+c4r+wPn8AcXWk8I=</latexit>

Total bkd

<latexit sha1_base64="yU9e00oseNiZWmkambSsFHq2w5k=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xyiOBlcwODUyYnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7sriKUw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQyvJn7jAbQRkbrDUQx+yPpK9ARnaKX7NsITpreir5ik406x5JbdKegi8TJSIhmqneJXuxvxJASFXDJjWp4bo58yjYJLGBfaiYGY8SHrQ8tSxUIwfjq9ekyPrNKlvUjbUkin6u+JlIXGjMLAdoYMB2bem4j/ea0Eexd+KlScICg+W9RLJMWITiKgXaGBoxxZwrgW9lbKB0wzjjaogg3Bm395kdRPyt5Z+fTmtFS5zOLIkwNySI6JR85JhVyTKqkRTjR5Jq/kzXl0Xpx352PWmnOymX3yB87nD7KJkqY=</latexit>

Signal

<latexit sha1_base64="CkjJ+w+n28SGrSlck4YnNOojGmA=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwYtiVoB6jIhpQiGAekCxhdjKbDJl9MNOrhjWf4sWDIl79Em/+jZNkD5pY0FBUddPd5UaCK7Csb2NufmFxaTmzkl1dW9/YNHNbNRXGkrIqDUUoGy5RTPCAVYGDYI1IMuK7gtXd/vnIr98zqXgY3MEgYo5PugH3OCWgpbaZawF7hOTm4hKXywen15Vh28xbBWsMPEvslORRikrb/Gp1Qhr7LAAqiFJN24rASYgETgUbZluxYhGhfdJlTU0D4jPlJOPTh3hPKx3shVJXAHis/p5IiK/UwHd1p0+gp6a9kfif14zBO3ESHkQxsIBOFnmxwBDiUQ64wyWjIAaaECq5vhXTHpGEgk4rq0Owp1+eJbXDgn1UKN4W86WzNI4M2kG7aB/Z6BiV0BWqoCqi6AE9o1f0ZjwZL8a78TFpnTPSmW30B8bnD8ezkww=</latexit>

MEG II-ALP

<latexit sha1_base64="rkaMFME8ssLeMLDy4uO8NEYV6IM=">AAACFnicbZDLSgNBEEV7fBtfoy7dNAYhLhJmgmg2QlRQlwomCnnR06kkjT0PumvEMMxXuPFX3LhQxK2482/sxCw08ULD4VYV1XW9SAqNjvNlTU3PzM7NLyxmlpZXVtfs9Y2qDmPFocJDGaobj2mQIoAKCpRwEylgvifh2rs9GdSv70BpEQZX2I+g4bNuIDqCMzRWy87nTltJ3Y8ppM2kmj9K6SEt0joKHzR1nWbJMNxjQs+gmu627KxTcIaik+COIEtGumjZn/V2yGMfAuSSaV1znQgbCVMouIQ0U481RIzfsi7UDAbMrG0kw7NSumOcNu2EyrwA6dD9PZEwX+u+75lOn2FPj9cG5n+1WoydUiMRQRQjBPxnUSeWFEM6yIi2hQKOsm+AcSXMXynvMcU4miQzJgR3/ORJqBYL7n5h73IvWz4exbFAtsg2yRGXHJAyOScXpEI4eSBP5IW8Wo/Ws/Vmvf+0TlmjmU3yR9bHN1gGnQA=</latexit>

(FV�A
µe = 2⇥ 108 GeV)
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Parasitic on normal MEG II run Dedicated low intensity run

J. Jho, SK, D. Redigolo: arXiv 2203.11222 
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Missing mass at MEG II

Can reconstruct the missing invariant mass from the e + 𝛾

<latexit sha1_base64="2vMv1VOkXqpBRqYAWhwdPpz94W4=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMfgA70EopgHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi8SXINtf1tz8wuLS8uZlezq2vrGZm5ru6bDWFFWpaEIVcMjmgkuWRU4CNaIFCOBJ1jd65+P/PoDU5qH8g4GEXMD0pXc55SAke5bwJ4gKV9eHd6WL4btXN4u2GPgWeKkJI9SVNq5r1YnpHHAJFBBtG46dgRuQhRwKtgw24o1iwjtky5rGipJwLSbjK8e4n2jdLAfKlMS8Fj9PZGQQOtB4JnOgEBPT3sj8T+vGYN/6iZcRjEwSSeL/FhgCPEoAtzhilEQA0MIVdzcimmPKELBBJU1ITjTL8+S2lHBOS4Ub4r50lkaRwbtoj10gBx0gkroGlVQFVGk0DN6RW/Wo/VivVsfk9Y5K53ZQX9gff4AzbmSEQ==</latexit>

MEG-RMD

<latexit sha1_base64="9ELfUPlgb49OJoYyyaO+aXe44T8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURIp6LHrxWKFf0Iay2WzbpZtN2J2IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/fTv32A1OaR7IBk5h5IRlKPuCUgJH69lEP2COkjQiIwJoPJRHn/jjI+nbZqTgz4GXi5qSMctT79lcviGgSMglUEK27rhODlxIFnAqWlXqJZjGhYzJkXUMlCZn20tkDGT41SoAHkTIlAc/U3xMpCbWehL7pDAmM9KI3Ff/zugkMrr2UyzgBJul80SARGCI8TQMHXDEKYmIIoYqbWzEdEUUomMxKJgR38eVl0rqouJeV6n21XLvJ4yiiY3SCzpCLrlAN3aE6aiKKMvSMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fBxyWsQ==</latexit>

Total signal+bkd

<latexit sha1_base64="4nKWQy6WM+1g4K0bcb+zCL6WTsc="></latexit>

Signal (FV�A
µe = 1⇥ 108 GeV)

<latexit sha1_base64="wEpEjYOPJaseUX3sUvyauy+vZDU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHrwIUcwDkjXMznaSIbMPZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7vFgKjbb9beUWFpeWV/KrhbX1jc2t4vZOXUeJ4lDjkYxU02MapAihhgIlNGMFLPAkNLzBxdhvPIDSIgrvcBiDG7BeKLqCMzTSfRvhCdPb60vqDfxRp1iyy/YEdJ44GSmRDNVO8avtRzwJIEQumdYtx47RTZlCwSWMCu1EQ8z4gPWgZWjIAtBuOrl6RA+M4tNupEyFSCfq74mUBVoPA890Bgz7etYbi/95rQS7Z24qwjhBCPl0UTeRFCM6joD6QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKexZEne2SfHBKHnJIKuSJVUiOcKPJMXsmb9Wi9WO/Wx7Q1Z2Uzu+QPrM8fQBCSXA==</latexit>

RMD bkd
<latexit sha1_base64="EfGVgxzJnBFtNgcGM6tTcB/+SCY=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHYNUY9ELh7RyCOBDZmdbWDC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0dNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8ka1md8ag9IiCh9wEoMbsEEo+oIzNJLbRXjC9L5GvZE/7RVLdtmeg64SJyMlkqHeK351/YgnAYTIJdO649gxuilTKLiEaaGbaIgZH7EBdAwNWQDaTedHT+mZUXzaj5SpEOlc/T2RskDrSeCZzoDhUC97M/E/r5Ng/9pNRRgnCCFfLOonkmJEZwlQXyjgKCeGMK6EuZXyIVOMo8mpYEJwll9eJc2LsnNZrtxVStWbLI48OSGn5Jw45IpUyS2pkwbh5JE8k1fyZo2tF+vd+li05qxs5pj8gfX5A6AMkgQ=</latexit>

RC bkd
<latexit sha1_base64="P7i710ceFkgnAasYeYv3fzu9EQU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxW6Be0S8lm0zY0myzJbLEs/SdePCji1X/izX9j2u5BWx8MPN6bYWZemAhuwPO+ncLG5tb2TnG3tLd/cHjkHp+0jEo1ZU2qhNKdkBgmuGRN4CBYJ9GMxKFg7XB8P/fbE6YNV7IB04QFMRlKPuCUgJX6rtsD9gRZQwEROBxHs75b9ireAnid+Dkpoxz1vvvVixRNYyaBCmJM1/cSCDKigVPBZqVealhC6JgMWddSSWJmgmxx+QxfWCXCA6VtScAL9fdERmJjpnFoO2MCI7PqzcX/vG4Kg9sg4zJJgUm6XDRIBQaF5zHgiGtGQUwtIVRzeyumI6IJBRtWyYbgr768TlpXFf+6Un2slmt3eRxFdIbO0SXy0Q2qoQdUR01E0QQ9o1f05mTOi/PufCxbC04+c4r+wPn8AcXWk8I=</latexit>
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<latexit sha1_base64="9ELfUPlgb49OJoYyyaO+aXe44T8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURIp6LHrxWKFf0Iay2WzbpZtN2J2IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/fTv32A1OaR7IBk5h5IRlKPuCUgJH69lEP2COkjQiIwJoPJRHn/jjI+nbZqTgz4GXi5qSMctT79lcviGgSMglUEK27rhODlxIFnAqWlXqJZjGhYzJkXUMlCZn20tkDGT41SoAHkTIlAc/U3xMpCbWehL7pDAmM9KI3Ff/zugkMrr2UyzgBJul80SARGCI8TQMHXDEKYmIIoYqbWzEdEUUomMxKJgR38eVl0rqouJeV6n21XLvJ4yiiY3SCzpCLrlAN3aE6aiKKMvSMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fBxyWsQ==</latexit>

Total signal+bkd

<latexit sha1_base64="wEpEjYOPJaseUX3sUvyauy+vZDU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHrwIUcwDkjXMznaSIbMPZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7vFgKjbb9beUWFpeWV/KrhbX1jc2t4vZOXUeJ4lDjkYxU02MapAihhgIlNGMFLPAkNLzBxdhvPIDSIgrvcBiDG7BeKLqCMzTSfRvhCdPb60vqDfxRp1iyy/YEdJ44GSmRDNVO8avtRzwJIEQumdYtx47RTZlCwSWMCu1EQ8z4gPWgZWjIAtBuOrl6RA+M4tNupEyFSCfq74mUBVoPA890Bgz7etYbi/95rQS7Z24qwjhBCPl0UTeRFCM6joD6QgFHOTSEcSXMrZT3mWIcTVAFE4Iz+/I8qR+VnZPy8c1xqXKexZEne2SfHBKHnJIKuSJVUiOcKPJMXsmb9Wi9WO/Wx7Q1Z2Uzu+QPrM8fQBCSXA==</latexit>

RMD bkd
<latexit sha1_base64="EfGVgxzJnBFtNgcGM6tTcB/+SCY=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHYNUY9ELh7RyCOBDZmdbWDC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0dNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8ka1md8ag9IiCh9wEoMbsEEo+oIzNJLbRXjC9L5GvZE/7RVLdtmeg64SJyMlkqHeK351/YgnAYTIJdO649gxuilTKLiEaaGbaIgZH7EBdAwNWQDaTedHT+mZUXzaj5SpEOlc/T2RskDrSeCZzoDhUC97M/E/r5Ng/9pNRRgnCCFfLOonkmJEZwlQXyjgKCeGMK6EuZXyIVOMo8mpYEJwll9eJc2LsnNZrtxVStWbLI48OSGn5Jw45IpUyS2pkwbh5JE8k1fyZo2tF+vd+li05qxs5pj8gfX5A6AMkgQ=</latexit>

RC bkd
<latexit sha1_base64="P7i710ceFkgnAasYeYv3fzu9EQU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXjxW6Be0S8lm0zY0myzJbLEs/SdePCji1X/izX9j2u5BWx8MPN6bYWZemAhuwPO+ncLG5tb2TnG3tLd/cHjkHp+0jEo1ZU2qhNKdkBgmuGRN4CBYJ9GMxKFg7XB8P/fbE6YNV7IB04QFMRlKPuCUgJX6rtsD9gRZQwEROBxHs75b9ireAnid+Dkpoxz1vvvVixRNYyaBCmJM1/cSCDKigVPBZqVealhC6JgMWddSSWJmgmxx+QxfWCXCA6VtScAL9fdERmJjpnFoO2MCI7PqzcX/vG4Kg9sg4zJJgUm6XDRIBQaF5zHgiGtGQUwtIVRzeyumI6IJBRtWyYbgr768TlpXFf+6Un2slmt3eRxFdIbO0SXy0Q2qoQdUR01E0QQ9o1f05mTOi/PufCxbC04+c4r+wPn8AcXWk8I=</latexit>

Total bkd

<latexit sha1_base64="yU9e00oseNiZWmkambSsFHq2w5k=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY9ELx4xyiOBlcwODUyYnd3M9Kpkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7sriKUw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQyvJn7jAbQRkbrDUQx+yPpK9ARnaKX7NsITpreir5ik406x5JbdKegi8TJSIhmqneJXuxvxJASFXDJjWp4bo58yjYJLGBfaiYGY8SHrQ8tSxUIwfjq9ekyPrNKlvUjbUkin6u+JlIXGjMLAdoYMB2bem4j/ea0Eexd+KlScICg+W9RLJMWITiKgXaGBoxxZwrgW9lbKB0wzjjaogg3Bm395kdRPyt5Z+fTmtFS5zOLIkwNySI6JR85JhVyTKqkRTjR5Jq/kzXl0Xpx352PWmnOymX3yB87nD7KJkqY=</latexit>

Signal

<latexit sha1_base64="CkjJ+w+n28SGrSlck4YnNOojGmA=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwYtiVoB6jIhpQiGAekCxhdjKbDJl9MNOrhjWf4sWDIl79Em/+jZNkD5pY0FBUddPd5UaCK7Csb2NufmFxaTmzkl1dW9/YNHNbNRXGkrIqDUUoGy5RTPCAVYGDYI1IMuK7gtXd/vnIr98zqXgY3MEgYo5PugH3OCWgpbaZawF7hOTm4hKXywen15Vh28xbBWsMPEvslORRikrb/Gp1Qhr7LAAqiFJN24rASYgETgUbZluxYhGhfdJlTU0D4jPlJOPTh3hPKx3shVJXAHis/p5IiK/UwHd1p0+gp6a9kfif14zBO3ESHkQxsIBOFnmxwBDiUQ64wyWjIAaaECq5vhXTHpGEgk4rq0Owp1+eJbXDgn1UKN4W86WzNI4M2kG7aB/Z6BiV0BWqoCqi6AE9o1f0ZjwZL8a78TFpnTPSmW30B8bnD8ezkww=</latexit>

MEG II-ALP

<latexit sha1_base64="rkaMFME8ssLeMLDy4uO8NEYV6IM=">AAACFnicbZDLSgNBEEV7fBtfoy7dNAYhLhJmgmg2QlRQlwomCnnR06kkjT0PumvEMMxXuPFX3LhQxK2482/sxCw08ULD4VYV1XW9SAqNjvNlTU3PzM7NLyxmlpZXVtfs9Y2qDmPFocJDGaobj2mQIoAKCpRwEylgvifh2rs9GdSv70BpEQZX2I+g4bNuIDqCMzRWy87nTltJ3Y8ppM2kmj9K6SEt0joKHzR1nWbJMNxjQs+gmu627KxTcIaik+COIEtGumjZn/V2yGMfAuSSaV1znQgbCVMouIQ0U481RIzfsi7UDAbMrG0kw7NSumOcNu2EyrwA6dD9PZEwX+u+75lOn2FPj9cG5n+1WoydUiMRQRQjBPxnUSeWFEM6yIi2hQKOsm+AcSXMXynvMcU4miQzJgR3/ORJqBYL7n5h73IvWz4exbFAtsg2yRGXHJAyOScXpEI4eSBP5IW8Wo/Ws/Vmvf+0TlmjmU3yR9bHN1gGnQA=</latexit>

(FV�A
µe = 2⇥ 108 GeV)
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Parasitic on normal MEG II run Dedicated low intensity run

A low intensity run (1/50 of normal) is better because:

• Allows for looser cut on photon energy

• Reduced background from coinciding decays

J. Jho, SK, D. Redigolo: arXiv 2203.11222 
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MEG II reach
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New parameter space with ~ few days of dedicated data taking
J. Jho, SK, D. Redigolo: arXiv 2203.11222 
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New parameter space with ~ few days of dedicated data taking
J. Jho, SK, D. Redigolo: arXiv 2203.11222 

MEG II Postdoc position at INFN Pisa with Luca Galli 
Deadline: December 13th 2023

contact luca.galli@pi.infn.it




10

At Mu3e
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Background fall sharply as both neutrino’s are forced to be co-linear

Can reconstruct the missing invariant mass from the 3 tracks
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SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17915 

https://arxiv.org/abs/2311.17915
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At Mu3e
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Works better than MEG II-ALP with 1 month of running

Without systematics, μ → e + a is better regardless of calibration technique

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17915 

https://arxiv.org/abs/2311.17915
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At Mu3e

102 104 106 108

Axion mass ma [eV]

108

109

1010

1011

A
xi

on
d
ec

ay
co

n
st

an
t

f a
[G

eV
]

SN1987A (µf ! efa)

TWIST

Jodidio et al.

White-dwarf
cooling

Red-giant
cooling

M
E

G
II

-A
L
P

M
u
3e

(µ
!

ea
)

Ind. calibr.

Part. calibr.

Mu3e (µ ! 3e + a)

Phase I

Phase II

|CV
eµ| = °|CA

eµ| = 1

102 104 106 108

Axion mass ma [eV]

108

109

1010

1011

A
xi

on
d
ec

ay
co

n
st

an
t

f a
[G

eV
]

SN1987A (µf ! efa)

TWIST

Jodidio et al.

White-dwarf
cooling

Red-giant
cooling

M
u
3e

(µ
!

ea
)

Ind. calibr.

Part. calibr.

M
E

G
II

-A
L
P

Mu3e (µ ! 3e + a)

Phase I

Phase II

|CV
eµ| = |CA

eµ| = 1

Can leverage the angular correlation with the muon polarization to get 
slightly better reach for right-handed currents

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17915 

https://arxiv.org/abs/2311.17915
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Signatures
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Flavor violating Flavor conserving

Strong theory prior for a to be 
stable or very long-lived

X can decay promptly, displaced or 
be stable
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Signatures
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be stable
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Bump hunting in e+ e-
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For a given mX hypothesis, we pick the mee combination that is closest to mX

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

Original work by Bertrand (1411.1770) and Ann-Kathrin  
(1812.00741, 10.11588/heidok.00024585)

https://arxiv.org/abs/2311.17913
https://inspirehep.net/authors/1057477
https://arxiv.org/abs/1411.1770
https://arxiv.org/abs/1812.00741
https://doi.org/10.11588/heidok.00024585
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Background diagrams
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<latexit sha1_base64="exkyRzsjO2TY6d2IGyN3Zoa0qM8="></latexit>

+
<latexit sha1_base64="exkyRzsjO2TY6d2IGyN3Zoa0qM8="></latexit>

∼
1

pe− ⋅ pe+
X

∼
1

m2
X

∼
1

pe− ⋅ pe+
s

∼
1

Ee−Ee+
s
(1−cos θe−e+

s
)

There are 4 diagrams for the SM background

Colinear singularity, absent in the signal amplitudes 

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

https://arxiv.org/abs/2311.17913
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Kinematic correlations
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Compare with an example signal model (blue)

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

https://arxiv.org/abs/2311.17913
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Kinematic correlations
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We find two more (model-dependent) discriminating variables

ℒ ⊃ X [gμ
S μ̄μ + ge

S ēe]
For a scalar X coupling to either muons or electrons through:

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

https://arxiv.org/abs/2311.17913
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Kinematic correlations: summary

Now also including 
parity-odd couplings:

ℒ ⊃ X[gμ
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Gain in sensitivity relative to a normal bump hunt:

Limited by MC statistics to binning in 2 variables only

Mu3e can extract full kinematic info with data-driven BG estimate
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Example 1: dark photon
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(Without including angles we reproduce prior results by Bertrand and Ann-Kathrin)

SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

https://inspirehep.net/authors/1057477
https://arxiv.org/abs/2311.17913
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Example 2: Scalar predominantly coupling to muons
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SK, K. Langhoff, T. Opferkuch, D. Redigolo: arXiv 2311.17913 

https://arxiv.org/abs/2311.17913
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Conclusions

If needed, we may by-pass the challenging μ→ e + a channel with

• μ→ e + a + 𝛾 at MEG II


• μ→ 3e + a at Mu3e

Mu3e is likely better and doesn’t require dedicated run, but MEG II may 
get a result sooner.


Searches for flavor conserving light particles at Mu3e can be enhanced 
by including at angular correlations


Systematically explored where Mu3e is competitive:

✔ Dark photon 

✔ Scalar which couples mostly to muons

❌ Scalar which couples equally to muons and electrons (back-up slides)


❌ Lμ - Le (back-up slides)
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Back-up
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Lμ - Le
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scattering
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More scalars

Not competitive with Orsay e- beam dump

Displaced analysis may be competitive (future work)
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More scalars

Not competitive with pion decays
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Effect of muon polarization
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Effect of muon polarization
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