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FORCES In PARTICLE PHYSiCS

The force properties are encoded  

in the nature of the particle carrier  
& its interactions with matter 
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THE FORCES WE KNOW…
Short range
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•confinement  
• symmetry breaking 
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Seen in EU colliders :

Seen in everyday life: this is all we got so far…
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NEW (DARK) FORCES?

PLAUSIBLE to imagine  
new (dark) forces  
to be present…
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DARK MATTER production
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Many Production mechanisms require a (new) FORCE 
acting as a PORTAL 

Fixing the abundance of the Dark Matter today  
sets the strength of the new force

X
DM SM

Example: FREEZE-OUT

(assuming annihilation mostly into SM)



DARK MATTER Par. SPACE

m� < mA0
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plots from Berlin,Blinov, Krnjaic, Shuster, Toro (2018)

Light thermal DM models are predictive targets for  
future beam dump experiments! 

FUTURE eXperimental program



TARGETING THE MEDIATORS

ABELIAN FORCES (NON-ANOMALOUS) 

✏U(1)em

✏U(1)em

today:

future facilities:
plots from Bauer, Foldenauer, Jaeckel (2018)



Experiments using the LHC beam will take data for the next 10 years…

WHAT ABOUT LHC?

•This understanding  has an impact on the FUTURE experimental effort

• Crucial to understand the (missed) physics opportunities NOW 

NOW
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The anomalous magnetic moment of the muon

The g-2 discrepancy
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g = 2
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In QFT particles can split: a =
g � 2
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SM prediction

g-2 @ Fermilab  
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theory prediction @ 5-loops in QED 

large sensitivity to hadronic contributions 
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Muonic forces & G-2

New forces can accommodate the g-2 anomaly  

X

µ

µ

�

Pospelov (2008)

•axial couplings give opposite sign in the loop 

•below 100 MeV the coupling is fixed   ⇠ 10�8
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  Light CP-even scalar

Light vector bosonX = V
<latexit sha1_base64="UPeZw7C5i3BuQDxcDVrPIsX5u08=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTp7RdCEU3LivaB7RDyWTSNjSZGZKMUIYuXbrVj3Anbv0Qv8GfMH0IVvTAhcM593LvPX7MmdIIfViZldW19Y3sZm5re2d3L79/0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qa+q17KhWLwjs9jqkn8CBkfUawNtJt+6LZyxeQjcpuyUEQ2cXzUrHqGuKWULWCoGOjGQpggXov/9kNIpIIGmrCsVIdB8XaS7HUjHA6yXUTRWNMRnhAO4aGWFDlpbNTJ/DEKAHsR9JUqOFM/TmRYqHUWPimU2A9VL+9qfiX10l0v+KlLIwTTUMyX9RPONQRnP4NAyYp0XxsCCaSmVshGWKJiTbpLG3xfXGmzGNDGkxyJp3vCOD/pFm0HcNv3ELtcpFTFhyBY3AKHFAGNXAN6qABCBiAR/AEnq0H68V6td7mrRlrMXMIlmC9fwHuH5gV</latexit><latexit sha1_base64="UPeZw7C5i3BuQDxcDVrPIsX5u08=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTp7RdCEU3LivaB7RDyWTSNjSZGZKMUIYuXbrVj3Anbv0Qv8GfMH0IVvTAhcM593LvPX7MmdIIfViZldW19Y3sZm5re2d3L79/0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qa+q17KhWLwjs9jqkn8CBkfUawNtJt+6LZyxeQjcpuyUEQ2cXzUrHqGuKWULWCoGOjGQpggXov/9kNIpIIGmrCsVIdB8XaS7HUjHA6yXUTRWNMRnhAO4aGWFDlpbNTJ/DEKAHsR9JUqOFM/TmRYqHUWPimU2A9VL+9qfiX10l0v+KlLIwTTUMyX9RPONQRnP4NAyYp0XxsCCaSmVshGWKJiTbpLG3xfXGmzGNDGkxyJp3vCOD/pFm0HcNv3ELtcpFTFhyBY3AKHFAGNXAN6qABCBiAR/AEnq0H68V6td7mrRlrMXMIlmC9fwHuH5gV</latexit><latexit sha1_base64="UPeZw7C5i3BuQDxcDVrPIsX5u08=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTp7RdCEU3LivaB7RDyWTSNjSZGZKMUIYuXbrVj3Anbv0Qv8GfMH0IVvTAhcM593LvPX7MmdIIfViZldW19Y3sZm5re2d3L79/0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qa+q17KhWLwjs9jqkn8CBkfUawNtJt+6LZyxeQjcpuyUEQ2cXzUrHqGuKWULWCoGOjGQpggXov/9kNIpIIGmrCsVIdB8XaS7HUjHA6yXUTRWNMRnhAO4aGWFDlpbNTJ/DEKAHsR9JUqOFM/TmRYqHUWPimU2A9VL+9qfiX10l0v+KlLIwTTUMyX9RPONQRnP4NAyYp0XxsCCaSmVshGWKJiTbpLG3xfXGmzGNDGkxyJp3vCOD/pFm0HcNv3ELtcpFTFhyBY3AKHFAGNXAN6qABCBiAR/AEnq0H68V6td7mrRlrMXMIlmC9fwHuH5gV</latexit><latexit sha1_base64="UPeZw7C5i3BuQDxcDVrPIsX5u08=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTp7RdCEU3LivaB7RDyWTSNjSZGZKMUIYuXbrVj3Anbv0Qv8GfMH0IVvTAhcM593LvPX7MmdIIfViZldW19Y3sZm5re2d3L79/0FRRIgltkIhHsu1jRTkLaUMzzWk7lhQLn9OWP7qa+q17KhWLwjs9jqkn8CBkfUawNtJt+6LZyxeQjcpuyUEQ2cXzUrHqGuKWULWCoGOjGQpggXov/9kNIpIIGmrCsVIdB8XaS7HUjHA6yXUTRWNMRnhAO4aGWFDlpbNTJ/DEKAHsR9JUqOFM/TmRYqHUWPimU2A9VL+9qfiX10l0v+KlLIwTTUMyX9RPONQRnP4NAyYp0XxsCCaSmVshGWKJiTbpLG3xfXGmzGNDGkxyJp3vCOD/pFm0HcNv3ELtcpFTFhyBY3AKHFAGNXAN6qABCBiAR/AEnq0H68V6td7mrRlrMXMIlmC9fwHuH5gV</latexit>

X = �
<latexit sha1_base64="pk6IBPB6/PFd+MTumqy8sYDZ8ik=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFTplYXQtGNywr2Ae1QMplMG5vMDElGKEP3Lt3qR7gTt/6G3+BPmD4EK3og5HDOvdx7j59wpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWcSkIbJOaxbPtYUc4i2tBMc9pOJMXC57TlD68mfuueSsXi6FaPEuoJ3I9YyAjWRmq2L7rJgPWKJWSj03LVrUBku+ZzkCFOueKeI+jYaIoSmKPeK352g5ikgkaacKxUx0GJ9jIsNSOcjgvdVNEEkyHu046hERZUedl02zE8MkoAw1iaF2k4VX92ZFgoNRK+qRRYD9RvbyL+5XVSHZ55GYuSVNOIzAaFKYc6hpPTYcAkJZqPDMFEMrMrJAMsMdEmoIUpvi9OlDlsQINxwaTzHQH8nzTLtmP4jVuqXc5zyoMDcAiOgQOqoAauQR00AAF34BE8gWfrwXqxXq23WWnOmvfsgwVY719uUpl4</latexit><latexit sha1_base64="pk6IBPB6/PFd+MTumqy8sYDZ8ik=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFTplYXQtGNywr2Ae1QMplMG5vMDElGKEP3Lt3qR7gTt/6G3+BPmD4EK3og5HDOvdx7j59wpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWcSkIbJOaxbPtYUc4i2tBMc9pOJMXC57TlD68mfuueSsXi6FaPEuoJ3I9YyAjWRmq2L7rJgPWKJWSj03LVrUBku+ZzkCFOueKeI+jYaIoSmKPeK352g5ikgkaacKxUx0GJ9jIsNSOcjgvdVNEEkyHu046hERZUedl02zE8MkoAw1iaF2k4VX92ZFgoNRK+qRRYD9RvbyL+5XVSHZ55GYuSVNOIzAaFKYc6hpPTYcAkJZqPDMFEMrMrJAMsMdEmoIUpvi9OlDlsQINxwaTzHQH8nzTLtmP4jVuqXc5zyoMDcAiOgQOqoAauQR00AAF34BE8gWfrwXqxXq23WWnOmvfsgwVY719uUpl4</latexit><latexit sha1_base64="pk6IBPB6/PFd+MTumqy8sYDZ8ik=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFTplYXQtGNywr2Ae1QMplMG5vMDElGKEP3Lt3qR7gTt/6G3+BPmD4EK3og5HDOvdx7j59wpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWcSkIbJOaxbPtYUc4i2tBMc9pOJMXC57TlD68mfuueSsXi6FaPEuoJ3I9YyAjWRmq2L7rJgPWKJWSj03LVrUBku+ZzkCFOueKeI+jYaIoSmKPeK352g5ikgkaacKxUx0GJ9jIsNSOcjgvdVNEEkyHu046hERZUedl02zE8MkoAw1iaF2k4VX92ZFgoNRK+qRRYD9RvbyL+5XVSHZ55GYuSVNOIzAaFKYc6hpPTYcAkJZqPDMFEMrMrJAMsMdEmoIUpvi9OlDlsQINxwaTzHQH8nzTLtmP4jVuqXc5zyoMDcAiOgQOqoAauQR00AAF34BE8gWfrwXqxXq23WWnOmvfsgwVY719uUpl4</latexit><latexit sha1_base64="pk6IBPB6/PFd+MTumqy8sYDZ8ik=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4kCFTplYXQtGNywr2Ae1QMplMG5vMDElGKEP3Lt3qR7gTt/6G3+BPmD4EK3og5HDOvdx7j59wpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWcSkIbJOaxbPtYUc4i2tBMc9pOJMXC57TlD68mfuueSsXi6FaPEuoJ3I9YyAjWRmq2L7rJgPWKJWSj03LVrUBku+ZzkCFOueKeI+jYaIoSmKPeK352g5ikgkaacKxUx0GJ9jIsNSOcjgvdVNEEkyHu046hERZUedl02zE8MkoAw1iaF2k4VX92ZFgoNRK+qRRYD9RvbyL+5XVSHZ55GYuSVNOIzAaFKYc6hpPTYcAkJZqPDMFEMrMrJAMsMdEmoIUpvi9OlDlsQINxwaTzHQH8nzTLtmP4jVuqXc5zyoMDcAiOgQOqoAauQR00AAF34BE8gWfrwXqxXq23WWnOmvfsgwVY719uUpl4</latexit>
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Missing muon momentum 
experiments 

S.N. Gninenko, N.V. Krasnikov 2014, 2018 

Y. Kahn, G. Krnjaic, N. Tran, A. Whitbeck  2018 

NA64µ
<latexit sha1_base64="+IKPm/FC32Mysb9ErJctLDaEw/4=">AAACDnicbZBLSgNBEIZ74ivGV9Slm8EguJAwI0FdRt24kgjmAUkMPZ2apEn3zNBdI4Yhd3DpVg/hTtx6Bc/gJewkszCJPzR8/FVFVf9eJLhGx/m2MkvLK6tr2fXcxubW9k5+d6+mw1gxqLJQhKrhUQ2CB1BFjgIakQIqPQF1b3A9rtcfQWkeBvc4jKAtaS/gPmcUjfXQQnjC5PZydFZqybiTLzhFZyJ7EdwUCiRVpZP/aXVDFksIkAmqddN1ImwnVCFnAka5VqwhomxAe9A0GFAJup1Mrh7ZR8bp2n6ozAvQnrh/JxIqtR5Kz3RKin09Xxub/9WaMfoX7YQHUYwQsOkiPxY2hvY4ArvLFTAUQwOUKW5utVmfKsrQBDWzxfPkiTYf60N3lDPpuPNZLELttOgavisVyldpTllyQA7JMXHJOSmTG1IhVcKIIi/klbxZz9a79WF9TlszVjqzT2Zkff0CVyqcpA==</latexit><latexit sha1_base64="+IKPm/FC32Mysb9ErJctLDaEw/4=">AAACDnicbZBLSgNBEIZ74ivGV9Slm8EguJAwI0FdRt24kgjmAUkMPZ2apEn3zNBdI4Yhd3DpVg/hTtx6Bc/gJewkszCJPzR8/FVFVf9eJLhGx/m2MkvLK6tr2fXcxubW9k5+d6+mw1gxqLJQhKrhUQ2CB1BFjgIakQIqPQF1b3A9rtcfQWkeBvc4jKAtaS/gPmcUjfXQQnjC5PZydFZqybiTLzhFZyJ7EdwUCiRVpZP/aXVDFksIkAmqddN1ImwnVCFnAka5VqwhomxAe9A0GFAJup1Mrh7ZR8bp2n6ozAvQnrh/JxIqtR5Kz3RKin09Xxub/9WaMfoX7YQHUYwQsOkiPxY2hvY4ArvLFTAUQwOUKW5utVmfKsrQBDWzxfPkiTYf60N3lDPpuPNZLELttOgavisVyldpTllyQA7JMXHJOSmTG1IhVcKIIi/klbxZz9a79WF9TlszVjqzT2Zkff0CVyqcpA==</latexit><latexit sha1_base64="+IKPm/FC32Mysb9ErJctLDaEw/4=">AAACDnicbZBLSgNBEIZ74ivGV9Slm8EguJAwI0FdRt24kgjmAUkMPZ2apEn3zNBdI4Yhd3DpVg/hTtx6Bc/gJewkszCJPzR8/FVFVf9eJLhGx/m2MkvLK6tr2fXcxubW9k5+d6+mw1gxqLJQhKrhUQ2CB1BFjgIakQIqPQF1b3A9rtcfQWkeBvc4jKAtaS/gPmcUjfXQQnjC5PZydFZqybiTLzhFZyJ7EdwUCiRVpZP/aXVDFksIkAmqddN1ImwnVCFnAka5VqwhomxAe9A0GFAJup1Mrh7ZR8bp2n6ozAvQnrh/JxIqtR5Kz3RKin09Xxub/9WaMfoX7YQHUYwQsOkiPxY2hvY4ArvLFTAUQwOUKW5utVmfKsrQBDWzxfPkiTYf60N3lDPpuPNZLELttOgavisVyldpTllyQA7JMXHJOSmTG1IhVcKIIi/klbxZz9a79WF9TlszVjqzT2Zkff0CVyqcpA==</latexit><latexit sha1_base64="+IKPm/FC32Mysb9ErJctLDaEw/4=">AAACDnicbZBLSgNBEIZ74ivGV9Slm8EguJAwI0FdRt24kgjmAUkMPZ2apEn3zNBdI4Yhd3DpVg/hTtx6Bc/gJewkszCJPzR8/FVFVf9eJLhGx/m2MkvLK6tr2fXcxubW9k5+d6+mw1gxqLJQhKrhUQ2CB1BFjgIakQIqPQF1b3A9rtcfQWkeBvc4jKAtaS/gPmcUjfXQQnjC5PZydFZqybiTLzhFZyJ7EdwUCiRVpZP/aXVDFksIkAmqddN1ImwnVCFnAka5VqwhomxAe9A0GFAJup1Mrh7ZR8bp2n6ozAvQnrh/JxIqtR5Kz3RKin09Xxub/9WaMfoX7YQHUYwQsOkiPxY2hvY4ArvLFTAUQwOUKW5utVmfKsrQBDWzxfPkiTYf60N3lDPpuPNZLELttOgavisVyldpTllyQA7JMXHJOSmTG1IhVcKIIi/klbxZz9a79WF9TlszVjqzT2Zkff0CVyqcpA==</latexit>

@ CERN

M3
<latexit sha1_base64="5JEKCvwBAiU6rk3ZqkOiS+R6TVc=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVQY9BL16ECOaByRpmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4Z+/RGU5pG8w0EMXki7knc4o2ik+xbCE6Y32cNpu1B0Ss4I9jxxJ6RIJqi0Cz+tIGJJCBKZoFo3XSdGL6UKOROQ5VuJhpiyPu1C01BJQ9BeOro4sw+NEtidSJmSaI/UvxMpDbUehL7pDCn29Kw3FP/zmgl2LryUyzhBkGy8qJMIGyN7+L4dcAUMxcAQyhQ3t9qsRxVlaEKa2uL74bE2j/UgyPImHXc2i3lSOym5ht+eFcuXk5xyZJ8ckCPiknNSJtekQqqEEUleyCt5s56td+vD+hy3LliTmT0yBevrF4U9myM=</latexit><latexit sha1_base64="5JEKCvwBAiU6rk3ZqkOiS+R6TVc=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVQY9BL16ECOaByRpmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4Z+/RGU5pG8w0EMXki7knc4o2ik+xbCE6Y32cNpu1B0Ss4I9jxxJ6RIJqi0Cz+tIGJJCBKZoFo3XSdGL6UKOROQ5VuJhpiyPu1C01BJQ9BeOro4sw+NEtidSJmSaI/UvxMpDbUehL7pDCn29Kw3FP/zmgl2LryUyzhBkGy8qJMIGyN7+L4dcAUMxcAQyhQ3t9qsRxVlaEKa2uL74bE2j/UgyPImHXc2i3lSOym5ht+eFcuXk5xyZJ8ckCPiknNSJtekQqqEEUleyCt5s56td+vD+hy3LliTmT0yBevrF4U9myM=</latexit><latexit sha1_base64="5JEKCvwBAiU6rk3ZqkOiS+R6TVc=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVQY9BL16ECOaByRpmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4Z+/RGU5pG8w0EMXki7knc4o2ik+xbCE6Y32cNpu1B0Ss4I9jxxJ6RIJqi0Cz+tIGJJCBKZoFo3XSdGL6UKOROQ5VuJhpiyPu1C01BJQ9BeOro4sw+NEtidSJmSaI/UvxMpDbUehL7pDCn29Kw3FP/zmgl2LryUyzhBkGy8qJMIGyN7+L4dcAUMxcAQyhQ3t9qsRxVlaEKa2uL74bE2j/UgyPImHXc2i3lSOym5ht+eFcuXk5xyZJ8ckCPiknNSJtekQqqEEUleyCt5s56td+vD+hy3LliTmT0yBevrF4U9myM=</latexit><latexit sha1_base64="5JEKCvwBAiU6rk3ZqkOiS+R6TVc=">AAACCnicbVDLSgNBEJz1GeMr6tHLYhA8SNhVQY9BL16ECOaByRpmZzvJkNnZZaZXDMv+gUev+hHexKs/4Tf4E04eB5NY0FBUddPd5ceCa3Scb2thcWl5ZTW3ll/f2NzaLuzs1nSUKAZVFolINXyqQXAJVeQooBEroKEvoO73r4Z+/RGU5pG8w0EMXki7knc4o2ik+xbCE6Y32cNpu1B0Ss4I9jxxJ6RIJqi0Cz+tIGJJCBKZoFo3XSdGL6UKOROQ5VuJhpiyPu1C01BJQ9BeOro4sw+NEtidSJmSaI/UvxMpDbUehL7pDCn29Kw3FP/zmgl2LryUyzhBkGy8qJMIGyN7+L4dcAUMxcAQyhQ3t9qsRxVlaEKa2uL74bE2j/UgyPImHXc2i3lSOym5ht+eFcuXk5xyZJ8ckCPiknNSJtekQqqEEUleyCt5s56td+vD+hy3LliTmT0yBevrF4U9myM=</latexit> @  Fermilab

MONEY TIME+

FUTURE HUNTS
New forces coupled mostly to muons require a dedicated experiment…  

2 proposals… 

13

vector boson



North Area 62

Kaon factory: NA62
⇠ 1013K+

<latexit sha1_base64="0oYZkzfx51YfYhyJRJor3wOF5yM=">AAACFHicbZDLSgMxFIYzXmu9jXXpJlgEQSkzKuiy6EZwU8FeoJ2WTCbThiaZIcmIZZjXcOlWH8KduHXvM/gSpu0sbOsPgY//nMM5+f2YUaUd59taWl5ZXVsvbBQ3t7Z3du29UkNFicSkjiMWyZaPFGFUkLqmmpFWLAniPiNNf3gzrjcfiVQ0Eg96FBOPo76gIcVIG6tnlzqKcug63dQ9z+BdNz3JenbZqTgTwUVwcyiDXLWe/dMJIpxwIjRmSKm268TaS5HUFDOSFTuJIjHCQ9QnbYMCcaK8dHJ7Bo+ME8AwkuYJDSfu34kUcaVG3DedHOmBmq+Nzf9q7USHV15KRZxoIvB0UZgwqCM4DgIGVBKs2cgAwpKaWyEeIImwNnHNbPF9fqrMxwYkyIomHXc+i0VonFVcw/cX5ep1nlMBHIBDcAxccAmq4BbUQB1g8ARewCt4s56td+vD+py2Lln5zD6YkfX1CzxanXk=</latexit><latexit sha1_base64="0oYZkzfx51YfYhyJRJor3wOF5yM=">AAACFHicbZDLSgMxFIYzXmu9jXXpJlgEQSkzKuiy6EZwU8FeoJ2WTCbThiaZIcmIZZjXcOlWH8KduHXvM/gSpu0sbOsPgY//nMM5+f2YUaUd59taWl5ZXVsvbBQ3t7Z3du29UkNFicSkjiMWyZaPFGFUkLqmmpFWLAniPiNNf3gzrjcfiVQ0Eg96FBOPo76gIcVIG6tnlzqKcug63dQ9z+BdNz3JenbZqTgTwUVwcyiDXLWe/dMJIpxwIjRmSKm268TaS5HUFDOSFTuJIjHCQ9QnbYMCcaK8dHJ7Bo+ME8AwkuYJDSfu34kUcaVG3DedHOmBmq+Nzf9q7USHV15KRZxoIvB0UZgwqCM4DgIGVBKs2cgAwpKaWyEeIImwNnHNbPF9fqrMxwYkyIomHXc+i0VonFVcw/cX5ep1nlMBHIBDcAxccAmq4BbUQB1g8ARewCt4s56td+vD+py2Lln5zD6YkfX1CzxanXk=</latexit><latexit sha1_base64="0oYZkzfx51YfYhyJRJor3wOF5yM=">AAACFHicbZDLSgMxFIYzXmu9jXXpJlgEQSkzKuiy6EZwU8FeoJ2WTCbThiaZIcmIZZjXcOlWH8KduHXvM/gSpu0sbOsPgY//nMM5+f2YUaUd59taWl5ZXVsvbBQ3t7Z3du29UkNFicSkjiMWyZaPFGFUkLqmmpFWLAniPiNNf3gzrjcfiVQ0Eg96FBOPo76gIcVIG6tnlzqKcug63dQ9z+BdNz3JenbZqTgTwUVwcyiDXLWe/dMJIpxwIjRmSKm268TaS5HUFDOSFTuJIjHCQ9QnbYMCcaK8dHJ7Bo+ME8AwkuYJDSfu34kUcaVG3DedHOmBmq+Nzf9q7USHV15KRZxoIvB0UZgwqCM4DgIGVBKs2cgAwpKaWyEeIImwNnHNbPF9fqrMxwYkyIomHXc+i0VonFVcw/cX5ep1nlMBHIBDcAxccAmq4BbUQB1g8ARewCt4s56td+vD+py2Lln5zD6YkfX1CzxanXk=</latexit><latexit sha1_base64="0oYZkzfx51YfYhyJRJor3wOF5yM=">AAACFHicbZDLSgMxFIYzXmu9jXXpJlgEQSkzKuiy6EZwU8FeoJ2WTCbThiaZIcmIZZjXcOlWH8KduHXvM/gSpu0sbOsPgY//nMM5+f2YUaUd59taWl5ZXVsvbBQ3t7Z3du29UkNFicSkjiMWyZaPFGFUkLqmmpFWLAniPiNNf3gzrjcfiVQ0Eg96FBOPo76gIcVIG6tnlzqKcug63dQ9z+BdNz3JenbZqTgTwUVwcyiDXLWe/dMJIpxwIjRmSKm268TaS5HUFDOSFTuJIjHCQ9QnbYMCcaK8dHJ7Bo+ME8AwkuYJDSfu34kUcaVG3DedHOmBmq+Nzf9q7USHV15KRZxoIvB0UZgwqCM4DgIGVBKs2cgAwpKaWyEeIImwNnHNbPF9fqrMxwYkyIomHXc+i0VonFVcw/cX5ep1nlMBHIBDcAxccAmq4BbUQB1g8ARewCt4s56td+vD+py2Lln5zD6YkfX1CzxanXk=</latexit>

with 10% precision

MAIN PURPOSE is to measure 

BR(K+ ! ⇡⌫⌫̄) ⇠ 10�10
<latexit sha1_base64="DAVUOkCUJAK2dD6M0yU4kzUoBFk="></latexit><latexit sha1_base64="DAVUOkCUJAK2dD6M0yU4kzUoBFk="></latexit><latexit sha1_base64="DAVUOkCUJAK2dD6M0yU4kzUoBFk="></latexit><latexit sha1_base64="DAVUOkCUJAK2dD6M0yU4kzUoBFk="></latexit>
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BR modified at the level of 10�8
<latexit sha1_base64="c8EcQrjUkCNsrmqkraWQmQiKs3g=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNgVwRyDXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ERVP2MySQ2VZLYoSjkyMZr8jkKmKDF8ZAkmitlbERlghYmxCc1tCQJxru1jAxqOizYdbzGLZdK8rHiW31+Vazd5TgU4hhM4Aw+uoQZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwpTmSo=</latexit><latexit sha1_base64="c8EcQrjUkCNsrmqkraWQmQiKs3g=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNgVwRyDXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ERVP2MySQ2VZLYoSjkyMZr8jkKmKDF8ZAkmitlbERlghYmxCc1tCQJxru1jAxqOizYdbzGLZdK8rHiW31+Vazd5TgU4hhM4Aw+uoQZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwpTmSo=</latexit><latexit sha1_base64="c8EcQrjUkCNsrmqkraWQmQiKs3g=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNgVwRyDXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ERVP2MySQ2VZLYoSjkyMZr8jkKmKDF8ZAkmitlbERlghYmxCc1tCQJxru1jAxqOizYdbzGLZdK8rHiW31+Vazd5TgU4hhM4Aw+uoQZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwpTmSo=</latexit><latexit sha1_base64="c8EcQrjUkCNsrmqkraWQmQiKs3g=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNgVwRyDXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ERVP2MySQ2VZLYoSjkyMZr8jkKmKDF8ZAkmitlbERlghYmxCc1tCQJxru1jAxqOizYdbzGLZdK8rHiW31+Vazd5TgU4hhM4Aw+uoQZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwpTmSo=</latexit>

at low masses +

K+ ! µ+ + ⌫ + V
<latexit sha1_base64="FeJ0hGMQHsvAVf4659xNbQfIhwA=">AAACGHicbZDNSsNAEMc39avWr6jgxUuwCEKlJCLosehF8FLBfkATy2azaZfubsLuRigxL+LRqz6EN/HqzWfwJdy0OdjWgYEf/5lhZv5+TIlUtv1tlJaWV1bXyuuVjc2t7R1zd68to0Qg3EIRjUTXhxJTwnFLEUVxNxYYMp/ijj+6zuudRywkifi9GsfYY3DASUgQVFrqmwe3D2ktc1VkuSzJsebypNbum1W7bk/CWgSngCoootk3f9wgQgnDXCEKpew5dqy8FApFEMVZxU0kjiEawQHuaeSQYemlk/sz61grgRVGQidX1kT9O5FCJuWY+bqTQTWU87Vc/K/WS1R46aWEx4nCHE0XhQm19Lu5GVZABEaKjjVAJIi+1UJDKCBS2rKZLb7PTqV+bIiDrKLdcea9WIT2Wd3RfHdebVwVPpXBITgCJ8ABF6ABbkATtAACT+AFvII349l4Nz6Mz2lryShm9sFMGF+/PIKfqg==</latexit><latexit sha1_base64="FeJ0hGMQHsvAVf4659xNbQfIhwA=">AAACGHicbZDNSsNAEMc39avWr6jgxUuwCEKlJCLosehF8FLBfkATy2azaZfubsLuRigxL+LRqz6EN/HqzWfwJdy0OdjWgYEf/5lhZv5+TIlUtv1tlJaWV1bXyuuVjc2t7R1zd68to0Qg3EIRjUTXhxJTwnFLEUVxNxYYMp/ijj+6zuudRywkifi9GsfYY3DASUgQVFrqmwe3D2ktc1VkuSzJsebypNbum1W7bk/CWgSngCoootk3f9wgQgnDXCEKpew5dqy8FApFEMVZxU0kjiEawQHuaeSQYemlk/sz61grgRVGQidX1kT9O5FCJuWY+bqTQTWU87Vc/K/WS1R46aWEx4nCHE0XhQm19Lu5GVZABEaKjjVAJIi+1UJDKCBS2rKZLb7PTqV+bIiDrKLdcea9WIT2Wd3RfHdebVwVPpXBITgCJ8ABF6ABbkATtAACT+AFvII349l4Nz6Mz2lryShm9sFMGF+/PIKfqg==</latexit><latexit sha1_base64="FeJ0hGMQHsvAVf4659xNbQfIhwA=">AAACGHicbZDNSsNAEMc39avWr6jgxUuwCEKlJCLosehF8FLBfkATy2azaZfubsLuRigxL+LRqz6EN/HqzWfwJdy0OdjWgYEf/5lhZv5+TIlUtv1tlJaWV1bXyuuVjc2t7R1zd68to0Qg3EIRjUTXhxJTwnFLEUVxNxYYMp/ijj+6zuudRywkifi9GsfYY3DASUgQVFrqmwe3D2ktc1VkuSzJsebypNbum1W7bk/CWgSngCoootk3f9wgQgnDXCEKpew5dqy8FApFEMVZxU0kjiEawQHuaeSQYemlk/sz61grgRVGQidX1kT9O5FCJuWY+bqTQTWU87Vc/K/WS1R46aWEx4nCHE0XhQm19Lu5GVZABEaKjjVAJIi+1UJDKCBS2rKZLb7PTqV+bIiDrKLdcea9WIT2Wd3RfHdebVwVPpXBITgCJ8ABF6ABbkATtAACT+AFvII349l4Nz6Mz2lryShm9sFMGF+/PIKfqg==</latexit><latexit sha1_base64="FeJ0hGMQHsvAVf4659xNbQfIhwA=">AAACGHicbZDNSsNAEMc39avWr6jgxUuwCEKlJCLosehF8FLBfkATy2azaZfubsLuRigxL+LRqz6EN/HqzWfwJdy0OdjWgYEf/5lhZv5+TIlUtv1tlJaWV1bXyuuVjc2t7R1zd68to0Qg3EIRjUTXhxJTwnFLEUVxNxYYMp/ijj+6zuudRywkifi9GsfYY3DASUgQVFrqmwe3D2ktc1VkuSzJsebypNbum1W7bk/CWgSngCoootk3f9wgQgnDXCEKpew5dqy8FApFEMVZxU0kjiEawQHuaeSQYemlk/sz61grgRVGQidX1kT9O5FCJuWY+bqTQTWU87Vc/K/WS1R46aWEx4nCHE0XhQm19Lu5GVZABEaKjjVAJIi+1UJDKCBS2rKZLb7PTqV+bIiDrKLdcea9WIT2Wd3RfHdebVwVPpXBITgCJ8ABF6ABbkATtAACT+AFvII349l4Nz6Mz2lryShm9sFMGF+/PIKfqg==</latexit>

IDEA: K+ ! µ+ + ⌫ BR = 63.65%
intense KAON beams 

lead to A LOT of MUONS

•  

•  
2 POSSIBLE CHANNELS: { INVISIBLE

DI-MUON

V ! inv.
<latexit sha1_base64="eDA4G3d/ATHPRytyrxmY+2UhUgo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK4kJKIoMuiG5cV7APaUCaTm3bo5MHMTbGE/IVLt/oR7sStP+A3+BNO2yxs64ELh3Pv5d5zvERwhbb9bZTW1jc2t8rblZ3dvf0D8/CopeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7obtpvj0EqHkePOEnADekg4gFnFLXUN81WD2Orh/CEGY/GtbxvVu2aPYO1SpyCVEmBRt/86fkxS0OIkAmqVNexE3QzKpEzAXmllypIKBvRAXQ1jWgIys1mn+fWmVZ8K4ilrgitmfp3I6OhUpPQ05MhxaFa7k3F/3rdFIMbVztKUoSIzQ8FqbC02WkMls8lMBQTTSiTXP9qsSGVlKEOa+GK54UXShsbgp9XdDrOcharpHVZczR/uKrWb4ucyuSEnJJz4pBrUif3pEGahJExeSGv5M14Nt6ND+NzPloyip1jsgDj6xe4FJ3i</latexit><latexit sha1_base64="eDA4G3d/ATHPRytyrxmY+2UhUgo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK4kJKIoMuiG5cV7APaUCaTm3bo5MHMTbGE/IVLt/oR7sStP+A3+BNO2yxs64ELh3Pv5d5zvERwhbb9bZTW1jc2t8rblZ3dvf0D8/CopeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7obtpvj0EqHkePOEnADekg4gFnFLXUN81WD2Orh/CEGY/GtbxvVu2aPYO1SpyCVEmBRt/86fkxS0OIkAmqVNexE3QzKpEzAXmllypIKBvRAXQ1jWgIys1mn+fWmVZ8K4ilrgitmfp3I6OhUpPQ05MhxaFa7k3F/3rdFIMbVztKUoSIzQ8FqbC02WkMls8lMBQTTSiTXP9qsSGVlKEOa+GK54UXShsbgp9XdDrOcharpHVZczR/uKrWb4ucyuSEnJJz4pBrUif3pEGahJExeSGv5M14Nt6ND+NzPloyip1jsgDj6xe4FJ3i</latexit><latexit sha1_base64="eDA4G3d/ATHPRytyrxmY+2UhUgo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK4kJKIoMuiG5cV7APaUCaTm3bo5MHMTbGE/IVLt/oR7sStP+A3+BNO2yxs64ELh3Pv5d5zvERwhbb9bZTW1jc2t8rblZ3dvf0D8/CopeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7obtpvj0EqHkePOEnADekg4gFnFLXUN81WD2Orh/CEGY/GtbxvVu2aPYO1SpyCVEmBRt/86fkxS0OIkAmqVNexE3QzKpEzAXmllypIKBvRAXQ1jWgIys1mn+fWmVZ8K4ilrgitmfp3I6OhUpPQ05MhxaFa7k3F/3rdFIMbVztKUoSIzQ8FqbC02WkMls8lMBQTTSiTXP9qsSGVlKEOa+GK54UXShsbgp9XdDrOcharpHVZczR/uKrWb4ucyuSEnJJz4pBrUif3pEGahJExeSGv5M14Nt6ND+NzPloyip1jsgDj6xe4FJ3i</latexit><latexit sha1_base64="eDA4G3d/ATHPRytyrxmY+2UhUgo=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK4kJKIoMuiG5cV7APaUCaTm3bo5MHMTbGE/IVLt/oR7sStP+A3+BNO2yxs64ELh3Pv5d5zvERwhbb9bZTW1jc2t8rblZ3dvf0D8/CopeJUMmiyWMSy41EFgkfQRI4COokEGnoC2t7obtpvj0EqHkePOEnADekg4gFnFLXUN81WD2Orh/CEGY/GtbxvVu2aPYO1SpyCVEmBRt/86fkxS0OIkAmqVNexE3QzKpEzAXmllypIKBvRAXQ1jWgIys1mn+fWmVZ8K4ilrgitmfp3I6OhUpPQ05MhxaFa7k3F/3rdFIMbVztKUoSIzQ8FqbC02WkMls8lMBQTTSiTXP9qsSGVlKEOa+GK54UXShsbgp9XdDrOcharpHVZczR/uKrWb4ucyuSEnJJz4pBrUif3pEGahJExeSGv5M14Nt6ND+NzPloyip1jsgDj6xe4FJ3i</latexit>

V ! 2µ
<latexit sha1_base64="rFKvGLTjSdV4ER3EAq3tPCtb3/0=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY9OIxgnlIdgmzs7PJkJnZZWZWCCFf4NGrfoQ38epX+A3+hJNkDyaxoKGo7qa7Kkw508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm+n/fYTVZol8sGMUhoI3JcsZgQbKz22fJOgmi+yXrniVt0Z0CrxclKBHI1e+cePEpIJKg3hWOuu56YmGGNlGOF0UvIzTVNMhrhPu5ZKLKgOxrOHJ+jMKhGKE2VLGjRT/26MsdB6JEI7KbAZ6OXeVPyv181MfB2MmUwzQyWZH4ozjqzLqXsUMUWJ4SNLMFHM/orIACtMjM1o4UoYigttjQ1oNCnZdLzlLFZJq1b1LL+/rNRv8pyKcAKncA4eXEEd7qABTSAg4AVe4c15dt6dD+dzPlpw8p1jWIDz9QsGy5pH</latexit><latexit sha1_base64="rFKvGLTjSdV4ER3EAq3tPCtb3/0=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY9OIxgnlIdgmzs7PJkJnZZWZWCCFf4NGrfoQ38epX+A3+hJNkDyaxoKGo7qa7Kkw508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm+n/fYTVZol8sGMUhoI3JcsZgQbKz22fJOgmi+yXrniVt0Z0CrxclKBHI1e+cePEpIJKg3hWOuu56YmGGNlGOF0UvIzTVNMhrhPu5ZKLKgOxrOHJ+jMKhGKE2VLGjRT/26MsdB6JEI7KbAZ6OXeVPyv181MfB2MmUwzQyWZH4ozjqzLqXsUMUWJ4SNLMFHM/orIACtMjM1o4UoYigttjQ1oNCnZdLzlLFZJq1b1LL+/rNRv8pyKcAKncA4eXEEd7qABTSAg4AVe4c15dt6dD+dzPlpw8p1jWIDz9QsGy5pH</latexit><latexit sha1_base64="rFKvGLTjSdV4ER3EAq3tPCtb3/0=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY9OIxgnlIdgmzs7PJkJnZZWZWCCFf4NGrfoQ38epX+A3+hJNkDyaxoKGo7qa7Kkw508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm+n/fYTVZol8sGMUhoI3JcsZgQbKz22fJOgmi+yXrniVt0Z0CrxclKBHI1e+cePEpIJKg3hWOuu56YmGGNlGOF0UvIzTVNMhrhPu5ZKLKgOxrOHJ+jMKhGKE2VLGjRT/26MsdB6JEI7KbAZ6OXeVPyv181MfB2MmUwzQyWZH4ozjqzLqXsUMUWJ4SNLMFHM/orIACtMjM1o4UoYigttjQ1oNCnZdLzlLFZJq1b1LL+/rNRv8pyKcAKncA4eXEEd7qABTSAg4AVe4c15dt6dD+dzPlpw8p1jWIDz9QsGy5pH</latexit><latexit sha1_base64="rFKvGLTjSdV4ER3EAq3tPCtb3/0=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY9OIxgnlIdgmzs7PJkJnZZWZWCCFf4NGrfoQ38epX+A3+hJNkDyaxoKGo7qa7Kkw508Z1v53C2vrG5lZxu7Szu7d/UD48aukkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm+n/fYTVZol8sGMUhoI3JcsZgQbKz22fJOgmi+yXrniVt0Z0CrxclKBHI1e+cePEpIJKg3hWOuu56YmGGNlGOF0UvIzTVNMhrhPu5ZKLKgOxrOHJ+jMKhGKE2VLGjRT/26MsdB6JEI7KbAZ6OXeVPyv181MfB2MmUwzQyWZH4ozjqzLqXsUMUWJ4SNLMFHM/orIACtMjM1o4UoYigttjQ1oNCnZdLzlLFZJq1b1LL+/rNRv8pyKcAKncA4eXEEd7qABTSAg4AVe4c15dt6dD+dzPlpw8p1jWIDz9QsGy5pH</latexit>

s̄
<latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit>

s̄
<latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit>

s̄
<latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit><latexit sha1_base64="HfdGJiE65tOtXKLp3yRVemprrf4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwISURQZdFNy4r2Ae0oUwmN+3QmUmYmQgl5ANcutWPcCdu/Qy/wZ9w2mZhWw9cOJxzL/feEyScaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKgotGvNYdQOigTMJLcMMh26igIiAQycY3039zhMozWL5aCYJ+IIMJYsYJcZKnX5AVKbzQbXm1t0Z8CrxClJDBZqD6k8/jGkqQBrKidY9z02MnxFlGOWQV/qphoTQMRlCz1JJBGg/m52b4zOrhDiKlS1p8Ez9O5ERofVEBLZTEDPSy95U/M/rpSa68TMmk9SApPNFUcqxifH0dxwyBdTwiSWEKmZvxXREFKHGJrSwJQjEhbaPjSDMKzYdbzmLVdK+rHuWP1zVGrdFTmV0gk7ROfLQNWqge9RELUTRGL2gV/TmPDvvzofzOW8tOcXMMVqA8/ULdoaaCg==</latexit>



g-2 parameter space

NA62 can say something NOW!

•VISIBLE channel  
under exp. study 

•TRIGGER  
CHALLENGES for  
the invisible channel

vector boson
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g-2 parameter space

NA62 can say something NOW!

•VISIBLE channel  
under exp. study 

•TRIGGER  
CHALLENGES for  
the invisible channel

scalar
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A muonic force gives dark sector portal for freeze-out

Z 0�

�

f

f

Assuming

For a fixed mass there is a single coupling that leads  
to the correct relic abundance

MUONIC FORCES & DARK MATTER

Difficult for direct detection experiments (no nucleon or electron scattering)
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m2
12 = (PV + P⌫)

2
<latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit>

= (PK � Pµ)
2

<latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit>

missing mass mmiss
<latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit>

mX < mmiss < mK �mµ
<latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit>

modifications  
of the high missing mass tail  

THE INVISIBLE SEARCH



m2
12 = (PV + P⌫)

2
<latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit><latexit sha1_base64="tkfujB/Hyt+AjtYKP7Ei+829gN0=">AAACGHicbZDLSsNAFIYn9VbrrSq4cRMsQkWRpAi6EYpuXEawF2jTMJlM2qEzkzAzEUrMi7h0qw/hTty68xl8CadtFrb1h4GP/5zDOfP7MSVSWda3UVhaXlldK66XNja3tnfKu3tNGSUC4QaKaCTaPpSYEo4biiiK27HAkPkUt/zh7bjeesRCkog/qFGMXQb7nIQEQaUtr3zAvNSuZb3addXxmqeO1+XJSa/mlSvWuTWRuQh2DhWQy/HKP90gQgnDXCEKpezYVqzcFApFEMVZqZtIHEM0hH3c0cghw9JNJ/dn5rF2AjOMhH5cmRP370QKmZQj5utOBtVAztfG5n+1TqLCKzclPE4U5mi6KEyoqSJzHIYZEIGRoiMNEAmibzXRAAqIlI5sZovvszOpPzbAQVbS6djzWSxCs3Zua76/qNRv8pyK4BAcgSqwwSWogzvggAZA4Am8gFfwZjwb78aH8TltLRj5zD6YkfH1C8brnsg=</latexit>

= (PK � Pµ)
2

<latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit><latexit sha1_base64="w87q+njDh4OI11P5qVUY7QkqffM=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAIFbTMFEE3QtGN4GYEe4F2OmQymTY0yQxJRiil7+DSrT6EO3HrK/gMvoRpOwvb+kPg4z/ncE7+IGFUadv+tnIrq2vrG/nNwtb2zu5ecf+goeJUYlLHMYtlK0CKMCpIXVPNSCuRBPGAkWYwuJ3Um09EKhqLRz1MiMdRT9CIYqSN1b0uu/79uet3eHrarfrFkl2xp4LL4GRQAplcv/jTCWOcciI0ZkiptmMn2hshqSlmZFzopIokCA9Qj7QNCsSJ8kbTq8fwxDghjGJpntBw6v6dGCGu1JAHppMj3VeLtYn5X62d6ujKG1GRpJoIPFsUpQzqGE4igCGVBGs2NICwpOZWiPtIIqxNUHNbgoCfKfOxPgnHBZOOs5jFMjSqFcfww0WpdpPllAdH4BiUgQMuQQ3cARfUAQYSvIBX8GY9W+/Wh/U5a81Z2cwhmJP19QuACJuG</latexit>

missing mass mmiss
<latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit>

mX < mmiss < mK �mµ
<latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit><latexit sha1_base64="Dbj8BfA2rr0rT00XyAZud0STfp0=">AAACH3icbVDLSgNBEJyNrxhfUY8iLAbBg4ZdEfTgIehF8BLBPCAJy+ykkwyZ2V1mesWw7Mkv8ehVP8KbeM03+BNOHgeTWDBQXdVNT5cfCa7RcYZWZml5ZXUtu57b2Nza3snv7lV1GCsGFRaKUNV9qkHwACrIUUA9UkClL6Dm929Hfu0JlOZh8IiDCFqSdgPe4Yyikbz8ofTq19JLmgjPmEiudZqa+v5Mek0Ze/mCU3TGsBeJOyUFMkXZy/802yGLJQTIBNW64ToRthKqkDMBaa4Za4go69MuNAwNqATdSsZnpPaxUdp2J1TmBWiP1b8TCZVaD6RvOiXFnp73RuJ/XiPGzlUr4UEUIwRssqgTCxtDe5SJ3eYKGIqBIZQpbv5qsx5VlKFJbmaL78tTbQ7rQTvNmXTc+SwWSfW86Br+cFEo3UxzypIDckROiEsuSYnckTKpEEZeyBt5Jx/Wq/VpfVnfk9aMNZ3ZJzOwhr+AXqOe</latexit>

modifications  
of the high missing mass tail  

NA62 can probe this tail  
because the Kaon are very boosted 

hpK+i = 75 GeV

THE INVISIBLE SEARCH



2.4 · 107 K+ ! µ+ + ⌫

1/3 single muon trigger  prescaling 
0.35 acceptance

3 · 108K+

2015 NA62 data:

{
( measurement of the Kaon momentum reduces the 

background from upstream radiation) 

very poor MC modelling in 2015 
should get better with the GTK

Main background comes from the radiative tail of K+ ! µ+ + ⌫

If the photon is missed its energy contributes to mmiss
<latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit><latexit sha1_base64="imRznnYc9z6PJFAT6xK/mQ+RQs0=">AAACEXicbZDLSsNAFIYn9VbrpVGXboJFcCElEUGXRTcuK9gLtKFMpqft0JkkzJyIJeQpXLrVh3Anbn0Cn8GXcNpmYVt/GPj4zzmcM38QC67Rdb+twtr6xuZWcbu0s7u3X7YPDps6ShSDBotEpNoB1SB4CA3kKKAdK6AyENAKxrfTeusRlOZR+ICTGHxJhyEfcEbRWD27LHtpF+EJU8m1zrKeXXGr7kzOKng5VEiues/+6fYjlkgIkQmqdcdzY/RTqpAzAVmpm2iIKRvTIXQMhlSC9tPZ4Zlzapy+M4iUeSE6M/fvREql1hMZmE5JcaSXa1Pzv1onwcG1n/IwThBCNl80SISDkTNNwelzBQzFxABliptbHTaiijI0WS1sCQJ5rs3HRtDPSiYdbzmLVWheVD3D95eV2k2eU5EckxNyRjxyRWrkjtRJgzCSkBfySt6sZ+vd+rA+560FK585Iguyvn4BExOeKA==</latexit>

ThE Background CHALLENGE



the 1/400  prescaling  
solves a data storage problem

ThE TRIGGER CHALLENGE
The sensitivity in the single muon final state is REDUCED because NA62 

looks into this only once in 400 times!  

we are only interested in  10�4
<latexit sha1_base64="78mY9rbLY04weUDOfVAtL7mEx/U=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNiVgB6DXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ETXfsZkkhoqyWxRlHJkYjT5HYVMUWL4yBJMFLO3IjLAChNjE5rbEgTiXNvHBjQcF2063mIWy6R5WfEsv6+Wazd5TgU4hhM4Aw+uoAZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwPbmSY=</latexit><latexit sha1_base64="78mY9rbLY04weUDOfVAtL7mEx/U=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNiVgB6DXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ETXfsZkkhoqyWxRlHJkYjT5HYVMUWL4yBJMFLO3IjLAChNjE5rbEgTiXNvHBjQcF2063mIWy6R5WfEsv6+Wazd5TgU4hhM4Aw+uoAZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwPbmSY=</latexit><latexit sha1_base64="78mY9rbLY04weUDOfVAtL7mEx/U=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNiVgB6DXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ETXfsZkkhoqyWxRlHJkYjT5HYVMUWL4yBJMFLO3IjLAChNjE5rbEgTiXNvHBjQcF2063mIWy6R5WfEsv6+Wazd5TgU4hhM4Aw+uoAZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwPbmSY=</latexit><latexit sha1_base64="78mY9rbLY04weUDOfVAtL7mEx/U=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8aNiVgB6DXjxGMA9I1jA7O5sMmZldZmaFsOQDPHrVj/AmXv0Mv8GfcJLswSQWNBRV3XR3BQln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw9uJ33qiSrNYPphRQn2B+5JFjGBjpZbnPmYX1XGvVHYr7hRomXg5KUOOeq/00w1jkgoqDeFY647nJsbPsDKMcDoudlNNE0yGuE87lkosqPaz6bljdGqVEEWxsiUNmqp/JzIstB6JwHYKbAZ60ZuI/3md1ETXfsZkkhoqyWxRlHJkYjT5HYVMUWL4yBJMFLO3IjLAChNjE5rbEgTiXNvHBjQcF2063mIWy6R5WfEsv6+Wazd5TgU4hhM4Aw+uoAZ3UIcGEBjCC7zCm/PsvDsfzuesdcXJZ45gDs7XLwPbmSY=</latexit> of the total single muon events
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cutting m2
miss > 2.3 · 10�2 GeV2

<latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit>

NEW SOLUTION



K+ ! µ+µ+µ�⌫ in the Standard Model

�⇤

µ�

BRbkd = 7 · 10�8

Upper bound from E865 Brookhaven AGS  (2002) BR(K+ ! µ+µ+µ�⌫) < 10�7

K+ ! µ+ + ⌫ + V (2µ)
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SIGNAL:

BACKGROUND: 

NOT MEASURED YET!

NA62 has the luminosity to improve on this & the trigger!

⇠ 100 events with the 2018 dataset from existing di-muon trigger 
confirmed informally by NA62

THE VISIBLE SEARCH



Bump-hunt on the 2 OS di-muon invariant masses 

the leading muon leads 
 to a peak for high masses

the subleading muon leads 
 to a peak for lower masses

THE VISIBLE SEARCH



Bump-hunt on the 2 OS di-muon invariant masses 

data driven background from side-band

subleading background from pions faking muons 

•  

•  

Invariant mass bin:

4�mµ+µ�
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THE VISIBLE SEARCH



CONCLUSION

Kaon factories can probe muonic forces (and NA62 in particular)

possibly telling us something about Dark Matter





The challenges 

CHALLENGE 1: Luminosity of the single muon trigger 

Problem:
prescaled by 1/400  Single muon trigger 2018 cutting at L1 on 

Solution:
m2

miss > 2.3 · 10�2 GeV2
<latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit>

10�4
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of the events

3 · 108K+ 1013K+ ?Can we go from 



S/
p

B + 2B2 = 2
<latexit sha1_base64="VP2nERfCKwAsACEJsUdgq5SRPuY=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiCEpNgqAbodSNy4r2Ak1aJpNJO3RycWYilBB8Epdu9SHciVsXPoMv4bTNwrb+MPDxn3M4c343ZlRIw/jWFhaXlldWC2vF9Y3NrW19Z7chooRjUscRi3jLRYIwGpK6pJKRVswJClxGmu7gelRvPhIuaBTey2FMnAD1QupTjKSyuvr+3ZktHrhMqyf2AMUx6liw2rGyK6url4yyMRacBzOHEshV6+o/thfhJCChxAwJ0TaNWDop4pJiRrKinQgSIzxAPdJWGKKACCcdn5DBI+V40I+4eqGEY/fvRIoCIYaBqzoDJPtitjYy/6u1E+lfOikN40SSEE8W+QmDMoKjPKBHOcGSDRUgzKn6K8R9xBGWKrWpLa4bnAp1WJ94WVGlY85mMQ8Nq2wqvj0vVap5TgVwAA7BMTDBBaiAG1ADdYDBE3gBr+BNe9betQ/tc9K6oOUze2BK2tcvrx2gWg==</latexit><latexit sha1_base64="VP2nERfCKwAsACEJsUdgq5SRPuY=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiCEpNgqAbodSNy4r2Ak1aJpNJO3RycWYilBB8Epdu9SHciVsXPoMv4bTNwrb+MPDxn3M4c343ZlRIw/jWFhaXlldWC2vF9Y3NrW19Z7chooRjUscRi3jLRYIwGpK6pJKRVswJClxGmu7gelRvPhIuaBTey2FMnAD1QupTjKSyuvr+3ZktHrhMqyf2AMUx6liw2rGyK6url4yyMRacBzOHEshV6+o/thfhJCChxAwJ0TaNWDop4pJiRrKinQgSIzxAPdJWGKKACCcdn5DBI+V40I+4eqGEY/fvRIoCIYaBqzoDJPtitjYy/6u1E+lfOikN40SSEE8W+QmDMoKjPKBHOcGSDRUgzKn6K8R9xBGWKrWpLa4bnAp1WJ94WVGlY85mMQ8Nq2wqvj0vVap5TgVwAA7BMTDBBaiAG1ADdYDBE3gBr+BNe9betQ/tc9K6oOUze2BK2tcvrx2gWg==</latexit><latexit sha1_base64="VP2nERfCKwAsACEJsUdgq5SRPuY=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiCEpNgqAbodSNy4r2Ak1aJpNJO3RycWYilBB8Epdu9SHciVsXPoMv4bTNwrb+MPDxn3M4c343ZlRIw/jWFhaXlldWC2vF9Y3NrW19Z7chooRjUscRi3jLRYIwGpK6pJKRVswJClxGmu7gelRvPhIuaBTey2FMnAD1QupTjKSyuvr+3ZktHrhMqyf2AMUx6liw2rGyK6url4yyMRacBzOHEshV6+o/thfhJCChxAwJ0TaNWDop4pJiRrKinQgSIzxAPdJWGKKACCcdn5DBI+V40I+4eqGEY/fvRIoCIYaBqzoDJPtitjYy/6u1E+lfOikN40SSEE8W+QmDMoKjPKBHOcGSDRUgzKn6K8R9xBGWKrWpLa4bnAp1WJ94WVGlY85mMQ8Nq2wqvj0vVap5TgVwAA7BMTDBBaiAG1ADdYDBE3gBr+BNe9betQ/tc9K6oOUze2BK2tcvrx2gWg==</latexit><latexit sha1_base64="VP2nERfCKwAsACEJsUdgq5SRPuY=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiCEpNgqAbodSNy4r2Ak1aJpNJO3RycWYilBB8Epdu9SHciVsXPoMv4bTNwrb+MPDxn3M4c343ZlRIw/jWFhaXlldWC2vF9Y3NrW19Z7chooRjUscRi3jLRYIwGpK6pJKRVswJClxGmu7gelRvPhIuaBTey2FMnAD1QupTjKSyuvr+3ZktHrhMqyf2AMUx6liw2rGyK6url4yyMRacBzOHEshV6+o/thfhJCChxAwJ0TaNWDop4pJiRrKinQgSIzxAPdJWGKKACCcdn5DBI+V40I+4eqGEY/fvRIoCIYaBqzoDJPtitjYy/6u1E+lfOikN40SSEE8W+QmDMoKjPKBHOcGSDRUgzKn6K8R9xBGWKrWpLa4bnAp1WJ94WVGlY85mMQ8Nq2wqvj0vVap5TgVwAA7BMTDBBaiAG1ADdYDBE3gBr+BNe9betQ/tc9K6oOUze2BK2tcvrx2gWg==</latexit>

The challenges 

CHALLENGE 2: Background systematics  

Sensitivity in a cut-and-count:
0.35

<latexit sha1_base64="t2LXietMsrlgEdjrw+HZ48O+gbU=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgQkriA10W3bisYB/QhjKZTJqhk0mYmQgldOvSrX6EO3Hrf/gN/oSTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdJf7nScqFYvFox4n1I3wULCAEaxzya5fXA2qNbtuT4GWiVOQGhRoDqo/fT8maUSFJhwr1XPsRLsZlpoRTieVfqpogskID2nPUIEjqtxseusEnRjFR0EsTQmNpurfiQxHSo0jz3RGWIdq0cvF/7xeqoMbN2MiSTUVZLYoSDnSMcofRz6TlGg+NgQTycytiIRYYqJNPHNbPC86U+axkPqTiknHWcximbTP647hD5e1xm2RUxmO4BhOwYFraMA9NKEFBEJ4gVd4s56td+vD+py1lqxi5hDmYH39Am7nl7Y=</latexit><latexit sha1_base64="t2LXietMsrlgEdjrw+HZ48O+gbU=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgQkriA10W3bisYB/QhjKZTJqhk0mYmQgldOvSrX6EO3Hrf/gN/oSTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdJf7nScqFYvFox4n1I3wULCAEaxzya5fXA2qNbtuT4GWiVOQGhRoDqo/fT8maUSFJhwr1XPsRLsZlpoRTieVfqpogskID2nPUIEjqtxseusEnRjFR0EsTQmNpurfiQxHSo0jz3RGWIdq0cvF/7xeqoMbN2MiSTUVZLYoSDnSMcofRz6TlGg+NgQTycytiIRYYqJNPHNbPC86U+axkPqTiknHWcximbTP647hD5e1xm2RUxmO4BhOwYFraMA9NKEFBEJ4gVd4s56td+vD+py1lqxi5hDmYH39Am7nl7Y=</latexit><latexit sha1_base64="t2LXietMsrlgEdjrw+HZ48O+gbU=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgQkriA10W3bisYB/QhjKZTJqhk0mYmQgldOvSrX6EO3Hrf/gN/oSTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdJf7nScqFYvFox4n1I3wULCAEaxzya5fXA2qNbtuT4GWiVOQGhRoDqo/fT8maUSFJhwr1XPsRLsZlpoRTieVfqpogskID2nPUIEjqtxseusEnRjFR0EsTQmNpurfiQxHSo0jz3RGWIdq0cvF/7xeqoMbN2MiSTUVZLYoSDnSMcofRz6TlGg+NgQTycytiIRYYqJNPHNbPC86U+axkPqTiknHWcximbTP647hD5e1xm2RUxmO4BhOwYFraMA9NKEFBEJ4gVd4s56td+vD+py1lqxi5hDmYH39Am7nl7Y=</latexit><latexit sha1_base64="t2LXietMsrlgEdjrw+HZ48O+gbU=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgQkriA10W3bisYB/QhjKZTJqhk0mYmQgldOvSrX6EO3Hrf/gN/oSTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdJf7nScqFYvFox4n1I3wULCAEaxzya5fXA2qNbtuT4GWiVOQGhRoDqo/fT8maUSFJhwr1XPsRLsZlpoRTieVfqpogskID2nPUIEjqtxseusEnRjFR0EsTQmNpurfiQxHSo0jz3RGWIdq0cvF/7xeqoMbN2MiSTUVZLYoSDnSMcofRz6TlGg+NgQTycytiIRYYqJNPHNbPC86U+axkPqTiknHWcximbTP647hD5e1xm2RUxmO4BhOwYFraMA9NKEFBEJ4gVd4s56td+vD+py1lqxi5hDmYH39Am7nl7Y=</latexit>

1013 K+
<latexit sha1_base64="u/dtS6wz6gHo63Bmcxe5b0KjRAE="></latexit><latexit sha1_base64="u/dtS6wz6gHo63Bmcxe5b0KjRAE="></latexit><latexit sha1_base64="u/dtS6wz6gHo63Bmcxe5b0KjRAE="></latexit><latexit sha1_base64="u/dtS6wz6gHo63Bmcxe5b0KjRAE="></latexit>

108 K+
<latexit sha1_base64="X3uMRmFBNfhJAa6wkbwSs1vU1Kw=">AAACDnicdZDLSgMxFIYz9VbrrerSTbAIgqVkSrXtruhGcFPBXqCdlkwmbUOTmSHJCGWYd3DpVh/Cnbj1FXwGX8L0IljRHwIf/zmHc/K7IWdKI/RhpVZW19Y30puZre2d3b3s/kFTBZEktEECHsi2ixXlzKcNzTSn7VBSLFxOW+74alpv3VOpWODf6UlIHYGHPhswgrWxejbqxZWkm4c3vfgs6WdzqFAsldF5FRqwqxeoYqCMDNnQLqCZcmChej/72fUCEgnqa8KxUh0bhdqJsdSMcJpkupGiISZjPKQdgz4WVDnx7OoEnhjHg4NAmudrOHN/TsRYKDURrukUWI/U79rU/KvWifSg4sTMDyNNfTJfNIg41AGcRgA9JinRfGIAE8nMrZCMsMREm6CWtriuyCvzsRH1koxJ5zsC+D80iwXb8G0pV7tc5JQGR+AYnAIblEENXIM6aAACJHgET+DZerBerFfrbd6ashYzh2BJ1vsXRwCcBA==</latexit><latexit sha1_base64="X3uMRmFBNfhJAa6wkbwSs1vU1Kw=">AAACDnicdZDLSgMxFIYz9VbrrerSTbAIgqVkSrXtruhGcFPBXqCdlkwmbUOTmSHJCGWYd3DpVh/Cnbj1FXwGX8L0IljRHwIf/zmHc/K7IWdKI/RhpVZW19Y30puZre2d3b3s/kFTBZEktEECHsi2ixXlzKcNzTSn7VBSLFxOW+74alpv3VOpWODf6UlIHYGHPhswgrWxejbqxZWkm4c3vfgs6WdzqFAsldF5FRqwqxeoYqCMDNnQLqCZcmChej/72fUCEgnqa8KxUh0bhdqJsdSMcJpkupGiISZjPKQdgz4WVDnx7OoEnhjHg4NAmudrOHN/TsRYKDURrukUWI/U79rU/KvWifSg4sTMDyNNfTJfNIg41AGcRgA9JinRfGIAE8nMrZCMsMREm6CWtriuyCvzsRH1koxJ5zsC+D80iwXb8G0pV7tc5JQGR+AYnAIblEENXIM6aAACJHgET+DZerBerFfrbd6ashYzh2BJ1vsXRwCcBA==</latexit><latexit sha1_base64="X3uMRmFBNfhJAa6wkbwSs1vU1Kw=">AAACDnicdZDLSgMxFIYz9VbrrerSTbAIgqVkSrXtruhGcFPBXqCdlkwmbUOTmSHJCGWYd3DpVh/Cnbj1FXwGX8L0IljRHwIf/zmHc/K7IWdKI/RhpVZW19Y30puZre2d3b3s/kFTBZEktEECHsi2ixXlzKcNzTSn7VBSLFxOW+74alpv3VOpWODf6UlIHYGHPhswgrWxejbqxZWkm4c3vfgs6WdzqFAsldF5FRqwqxeoYqCMDNnQLqCZcmChej/72fUCEgnqa8KxUh0bhdqJsdSMcJpkupGiISZjPKQdgz4WVDnx7OoEnhjHg4NAmudrOHN/TsRYKDURrukUWI/U79rU/KvWifSg4sTMDyNNfTJfNIg41AGcRgA9JinRfGIAE8nMrZCMsMREm6CWtriuyCvzsRH1koxJ5zsC+D80iwXb8G0pV7tc5JQGR+AYnAIblEENXIM6aAACJHgET+DZerBerFfrbd6ashYzh2BJ1vsXRwCcBA==</latexit><latexit sha1_base64="X3uMRmFBNfhJAa6wkbwSs1vU1Kw=">AAACDnicdZDLSgMxFIYz9VbrrerSTbAIgqVkSrXtruhGcFPBXqCdlkwmbUOTmSHJCGWYd3DpVh/Cnbj1FXwGX8L0IljRHwIf/zmHc/K7IWdKI/RhpVZW19Y30puZre2d3b3s/kFTBZEktEECHsi2ixXlzKcNzTSn7VBSLFxOW+74alpv3VOpWODf6UlIHYGHPhswgrWxejbqxZWkm4c3vfgs6WdzqFAsldF5FRqwqxeoYqCMDNnQLqCZcmChej/72fUCEgnqa8KxUh0bhdqJsdSMcJpkupGiISZjPKQdgz4WVDnx7OoEnhjHg4NAmudrOHN/TsRYKDURrukUWI/U79rU/KvWifSg4sTMDyNNfTJfNIg41AGcRgA9JinRfGIAE8nMrZCMsMREm6CWtriuyCvzsRH1koxJ5zsC+D80iwXb8G0pV7tc5JQGR+AYnAIblEENXIM6aAACJHgET+DZerBerFfrbd6ashYzh2BJ1vsXRwCcBA==</latexit>

10�3
<latexit sha1_base64="KSYSmBE4AUR/8wUO8TGn/s99qtI=">AAACB3icbVDLSgNBEJz1GeMr6tHLYBA8aNhVQY9BLx4jmAcka5id7U2GzMwuM7NCWPYDPHrVj/AmXv0Mv8GfcPI4mMSChqKqm+6uIOFMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epolCnMY9VKyAaOJNQN8xwaCUKiAg4NIPB7chvPoHSLJYPZpiAL0hPsohRYqzU9NzH7Owi75bKbsUdAy8Sb0rKaIpat/TTCWOaCpCGcqJ123MT42dEGUY55MVOqiEhdEB60LZUEgHaz8bn5vjYKiGOYmVLGjxW/05kRGg9FIHtFMT09bw3Ev/z2qmJrv2MySQ1IOlkUZRybGI8+h2HTAE1fGgJoYrZWzHtE0WosQnNbAkCcartY30I86JNx5vPYpE0ziue5feX5erNNKcCOkRH6AR56ApV0R2qoTqiaIBe0Ct6c56dd+fD+Zy0LjnTmQM0A+frFwI9mSU=</latexit><latexit sha1_base64="KSYSmBE4AUR/8wUO8TGn/s99qtI=">AAACB3icbVDLSgNBEJz1GeMr6tHLYBA8aNhVQY9BLx4jmAcka5id7U2GzMwuM7NCWPYDPHrVj/AmXv0Mv8GfcPI4mMSChqKqm+6uIOFMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epolCnMY9VKyAaOJNQN8xwaCUKiAg4NIPB7chvPoHSLJYPZpiAL0hPsohRYqzU9NzH7Owi75bKbsUdAy8Sb0rKaIpat/TTCWOaCpCGcqJ123MT42dEGUY55MVOqiEhdEB60LZUEgHaz8bn5vjYKiGOYmVLGjxW/05kRGg9FIHtFMT09bw3Ev/z2qmJrv2MySQ1IOlkUZRybGI8+h2HTAE1fGgJoYrZWzHtE0WosQnNbAkCcartY30I86JNx5vPYpE0ziue5feX5erNNKcCOkRH6AR56ApV0R2qoTqiaIBe0Ct6c56dd+fD+Zy0LjnTmQM0A+frFwI9mSU=</latexit><latexit sha1_base64="KSYSmBE4AUR/8wUO8TGn/s99qtI=">AAACB3icbVDLSgNBEJz1GeMr6tHLYBA8aNhVQY9BLx4jmAcka5id7U2GzMwuM7NCWPYDPHrVj/AmXv0Mv8GfcPI4mMSChqKqm+6uIOFMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epolCnMY9VKyAaOJNQN8xwaCUKiAg4NIPB7chvPoHSLJYPZpiAL0hPsohRYqzU9NzH7Owi75bKbsUdAy8Sb0rKaIpat/TTCWOaCpCGcqJ123MT42dEGUY55MVOqiEhdEB60LZUEgHaz8bn5vjYKiGOYmVLGjxW/05kRGg9FIHtFMT09bw3Ev/z2qmJrv2MySQ1IOlkUZRybGI8+h2HTAE1fGgJoYrZWzHtE0WosQnNbAkCcartY30I86JNx5vPYpE0ziue5feX5erNNKcCOkRH6AR56ApV0R2qoTqiaIBe0Ct6c56dd+fD+Zy0LjnTmQM0A+frFwI9mSU=</latexit><latexit sha1_base64="KSYSmBE4AUR/8wUO8TGn/s99qtI=">AAACB3icbVDLSgNBEJz1GeMr6tHLYBA8aNhVQY9BLx4jmAcka5id7U2GzMwuM7NCWPYDPHrVj/AmXv0Mv8GfcPI4mMSChqKqm+6uIOFMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+Q8epolCnMY9VKyAaOJNQN8xwaCUKiAg4NIPB7chvPoHSLJYPZpiAL0hPsohRYqzU9NzH7Owi75bKbsUdAy8Sb0rKaIpat/TTCWOaCpCGcqJ123MT42dEGUY55MVOqiEhdEB60LZUEgHaz8bn5vjYKiGOYmVLGjxW/05kRGg9FIHtFMT09bw3Ev/z2qmJrv2MySQ1IOlkUZRybGI8+h2HTAE1fGgJoYrZWzHtE0WosQnNbAkCcartY30I86JNx5vPYpE0ziue5feX5erNNKcCOkRH6AR56ApV0R2qoTqiaIBe0Ct6c56dd+fD+Zy0LjnTmQM0A+frFwI9mSU=</latexit>

We need systematics below 
to make the search interesting 

•  

•  GTK will give a background reduction  
of roughly 1/4  at m2

miss > 2.3 · 10�2 GeV2
<latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit><latexit sha1_base64="U+PRX55dp7K/DhjQZGltVcYw1S0="></latexit>



The challenges 

CHALLENGE 2: Background systematics  

Sensitivity in a likelihood:

Li(S) =
(S✏Si +Bi)Di

Di!
e�(S✏Si+Bi)

<latexit sha1_base64="c58QSvcFzNXG2lO9dUHHldaToFE="></latexit><latexit sha1_base64="c58QSvcFzNXG2lO9dUHHldaToFE="></latexit><latexit sha1_base64="c58QSvcFzNXG2lO9dUHHldaToFE="></latexit><latexit sha1_base64="c58QSvcFzNXG2lO9dUHHldaToFE="></latexit>

Likelihood analysis helps at small masses •  

⇤(S) < 4
<latexit sha1_base64="eTs9tCdEf+DmtXbEy7M34DRVUs8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjBV24KLpx4aKifUBnKJnMnTY0kxmSjFBKf8GlW/0Id+LWf/Ab/AnTdha29UDgcM653JvjJ5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+4mfitJ5CKxeJRDxPwItITLGSUaCO57p2JBqT8cHpV7RZLdsWeAi8TJyMllKHeLf64QUzTCISmnCjVcexEeyMiNaMcxgU3VZAQOiA96BgqSATKG01vHuMTowQ4jKV5QuOp+ndiRCKlhpFvkhHRfbXoTcT/vE6qw0tvxESSahB0tihMOdYxnhSAAyaBaj40hFDJzK2Y9okkVJua5rb4fnSmzMf6EIwLph1nsYtl0jyvOIbfV0u166ynPDpCx6iMHHSBaugW1VEDUZSgF/SK3qxn6936sD5n0ZyVzRyiOVhfv2JgmvE=</latexit><latexit sha1_base64="eTs9tCdEf+DmtXbEy7M34DRVUs8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjBV24KLpx4aKifUBnKJnMnTY0kxmSjFBKf8GlW/0Id+LWf/Ab/AnTdha29UDgcM653JvjJ5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+4mfitJ5CKxeJRDxPwItITLGSUaCO57p2JBqT8cHpV7RZLdsWeAi8TJyMllKHeLf64QUzTCISmnCjVcexEeyMiNaMcxgU3VZAQOiA96BgqSATKG01vHuMTowQ4jKV5QuOp+ndiRCKlhpFvkhHRfbXoTcT/vE6qw0tvxESSahB0tihMOdYxnhSAAyaBaj40hFDJzK2Y9okkVJua5rb4fnSmzMf6EIwLph1nsYtl0jyvOIbfV0u166ynPDpCx6iMHHSBaugW1VEDUZSgF/SK3qxn6936sD5n0ZyVzRyiOVhfv2JgmvE=</latexit><latexit sha1_base64="eTs9tCdEf+DmtXbEy7M34DRVUs8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjBV24KLpx4aKifUBnKJnMnTY0kxmSjFBKf8GlW/0Id+LWf/Ab/AnTdha29UDgcM653JvjJ5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+4mfitJ5CKxeJRDxPwItITLGSUaCO57p2JBqT8cHpV7RZLdsWeAi8TJyMllKHeLf64QUzTCISmnCjVcexEeyMiNaMcxgU3VZAQOiA96BgqSATKG01vHuMTowQ4jKV5QuOp+ndiRCKlhpFvkhHRfbXoTcT/vE6qw0tvxESSahB0tihMOdYxnhSAAyaBaj40hFDJzK2Y9okkVJua5rb4fnSmzMf6EIwLph1nsYtl0jyvOIbfV0u166ynPDpCx6iMHHSBaugW1VEDUZSgF/SK3qxn6936sD5n0ZyVzRyiOVhfv2JgmvE=</latexit><latexit sha1_base64="eTs9tCdEf+DmtXbEy7M34DRVUs8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUkDIjBV24KLpx4aKifUBnKJnMnTY0kxmSjFBKf8GlW/0Id+LWf/Ab/AnTdha29UDgcM653JvjJ5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VZxKCg0a81i2faKAMwENzTSHdiKBRD6Hlj+4mfitJ5CKxeJRDxPwItITLGSUaCO57p2JBqT8cHpV7RZLdsWeAi8TJyMllKHeLf64QUzTCISmnCjVcexEeyMiNaMcxgU3VZAQOiA96BgqSATKG01vHuMTowQ4jKV5QuOp+ndiRCKlhpFvkhHRfbXoTcT/vE6qw0tvxESSahB0tihMOdYxnhSAAyaBaj40hFDJzK2Y9okkVJua5rb4fnSmzMf6EIwLph1nsYtl0jyvOIbfV0u166ynPDpCx6iMHHSBaugW1VEDUZSgF/SK3qxn6936sD5n0ZyVzRyiOVhfv2JgmvE=</latexit>

signal per bin background 

data



The main purpose of NA62

K+ ! ⇡+⌫⌫̄
<latexit sha1_base64="RqFoQIQS+eJ4j8IoYcMg984oU/Q=">AAACIHicbZDLSsNAFIYn9VbrLepSkMEiCEpJRNBl0Y3gpoK9QBPLZDJth85MwsxEKCE7n8SlW30Id+JSX8GXcNJmYas/DHz85xzOnD+IGVXacT6t0sLi0vJKebWytr6xuWVv77RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkZXeb39QKSikbjT45j4HA0E7VOMtLF69v7NfXqceTqCXkxzhJ5IoBcgmRrIenbVqTkTwb/gFlAFhRo9+9sLI5xwIjRmSKmu68TaT5HUFDOSVbxEkRjhERqQrkGBOFF+Orkjg4fGCWE/kuYJDSfu74kUcaXGPDCdHOmhmq/l5n+1bqL7F35KRZxoIvB0UT9h0JydhwJDKgnWbGwAYUnNXyEeIomwNtHNbAkCfqLMYUMSZhWTjjufxV9ondZcw7dn1fplkVMZ7IEDcARccA7q4Bo0QBNg8AiewQt4tZ6sN+vd+pi2lqxiZhfMyPr6AQ0Ao00=</latexit><latexit sha1_base64="RqFoQIQS+eJ4j8IoYcMg984oU/Q=">AAACIHicbZDLSsNAFIYn9VbrLepSkMEiCEpJRNBl0Y3gpoK9QBPLZDJth85MwsxEKCE7n8SlW30Id+JSX8GXcNJmYas/DHz85xzOnD+IGVXacT6t0sLi0vJKebWytr6xuWVv77RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkZXeb39QKSikbjT45j4HA0E7VOMtLF69v7NfXqceTqCXkxzhJ5IoBcgmRrIenbVqTkTwb/gFlAFhRo9+9sLI5xwIjRmSKmu68TaT5HUFDOSVbxEkRjhERqQrkGBOFF+Orkjg4fGCWE/kuYJDSfu74kUcaXGPDCdHOmhmq/l5n+1bqL7F35KRZxoIvB0UT9h0JydhwJDKgnWbGwAYUnNXyEeIomwNtHNbAkCfqLMYUMSZhWTjjufxV9ondZcw7dn1fplkVMZ7IEDcARccA7q4Bo0QBNg8AiewQt4tZ6sN+vd+pi2lqxiZhfMyPr6AQ0Ao00=</latexit><latexit sha1_base64="RqFoQIQS+eJ4j8IoYcMg984oU/Q=">AAACIHicbZDLSsNAFIYn9VbrLepSkMEiCEpJRNBl0Y3gpoK9QBPLZDJth85MwsxEKCE7n8SlW30Id+JSX8GXcNJmYas/DHz85xzOnD+IGVXacT6t0sLi0vJKebWytr6xuWVv77RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkZXeb39QKSikbjT45j4HA0E7VOMtLF69v7NfXqceTqCXkxzhJ5IoBcgmRrIenbVqTkTwb/gFlAFhRo9+9sLI5xwIjRmSKmu68TaT5HUFDOSVbxEkRjhERqQrkGBOFF+Orkjg4fGCWE/kuYJDSfu74kUcaXGPDCdHOmhmq/l5n+1bqL7F35KRZxoIvB0UT9h0JydhwJDKgnWbGwAYUnNXyEeIomwNtHNbAkCfqLMYUMSZhWTjjufxV9ondZcw7dn1fplkVMZ7IEDcARccA7q4Bo0QBNg8AiewQt4tZ6sN+vd+pi2lqxiZhfMyPr6AQ0Ao00=</latexit><latexit sha1_base64="RqFoQIQS+eJ4j8IoYcMg984oU/Q=">AAACIHicbZDLSsNAFIYn9VbrLepSkMEiCEpJRNBl0Y3gpoK9QBPLZDJth85MwsxEKCE7n8SlW30Id+JSX8GXcNJmYas/DHz85xzOnD+IGVXacT6t0sLi0vJKebWytr6xuWVv77RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkZXeb39QKSikbjT45j4HA0E7VOMtLF69v7NfXqceTqCXkxzhJ5IoBcgmRrIenbVqTkTwb/gFlAFhRo9+9sLI5xwIjRmSKmu68TaT5HUFDOSVbxEkRjhERqQrkGBOFF+Orkjg4fGCWE/kuYJDSfu74kUcaXGPDCdHOmhmq/l5n+1bqL7F35KRZxoIvB0UT9h0JydhwJDKgnWbGwAYUnNXyEeIomwNtHNbAkCfqLMYUMSZhWTjjufxV9ondZcw7dn1fplkVMZ7IEDcARccA7q4Bo0QBNg8AiewQt4tZ6sN+vd+pi2lqxiZhfMyPr6AQ0Ao00=</latexit>
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