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<latexit sha1_base64="TST8mRny2pDsok6o6hSUNg2+l60=">AAAB/HicbVDLSsNAFJ3UV62vapduBovgqiTia1kUwWUF+4A2hMl00g6dTMLMTTGE+ituXCji1g9x5984bbPQ1gP3cjjnXubO8WPBNdj2t1VYWV1b3yhulra2d3b3yvsHLR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Gbqt8dMaR7JB0hj5oZkIHnAKQEjeeXK2Mt6wB7BdC5TfNueTLxy1a7ZM+Bl4uSkinI0vPJXrx/RJGQSqCBadx07BjcjCjgVbFLqJZrFhI7IgHUNlSRk2s1mx0/wsVH6OIiUKQl4pv7eyEiodRr6ZjIkMNSL3lT8z+smEFy5GZdxAkzS+UNBIjBEeJoE7nPFKIjUEEIVN7diOiSKUDB5lUwIzuKXl0nrtOZc1M7vz6r16zyOIjpER+gEOegS1dEdaqAmoihFz+gVvVlP1ov1bn3MRwtWvlNBf2B9/gBPpZU1</latexit>vEW Mass
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<latexit sha1_base64="rGZvcze4CqpXJ36ToDTexogh4yg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEfC2LIrisYB/QhDKZTtuhk0mYuRFLiBt/xY0LRdz6F+78G6dtFtp64F4O59zLzD1BLLgGx/m2CguLS8srxdXS2vrG5pa9vdPQUaIoq9NIRKoVEM0El6wOHARrxYqRMBCsGQyvxn7zninNI3kHo5j5IelL3uOUgJE69p5HRDwgndQD9gCmcznC180s69hlp+JMgOeJm5MyylHr2F9eN6JJyCRQQbRuu04MfkoUcCpYVvISzWJCh6TP2oZKEjLtp5MLMnxolC7uRcqUBDxRf2+kJNR6FAZmMiQw0LPeWPzPayfQu/BTLuMEmKTTh3qJwBDhcRy4yxWjIEaGEKq4+SumA6IIBRNayYTgzp48TxrHFfescnp7Uq5e5nEU0T46QEfIReeoim5QDdURRY/oGb2iN+vJerHerY/paMHKd3bRH1ifPxvcl1M=</latexit>↵EW
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Dark Matter
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• Minimal extension - a light scalar singlet .ϕ
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�H
†
H

<latexit sha1_base64="LTNR5ItJnVeZb69Q6Oki4fRKFmk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KknxtSy66bKCfUCTlslkkg6dPJiZiCX0V9y4UMStP+LOv3HaZqGtBy4czrmXe+/xUs6ksqxvY219Y3Nru7RT3t3bPzg0jyodmWSC0DZJeCJ6HpaUs5i2FVOc9lJBceRx2vXGdzO/+0iFZEn8oCYpdSMcxixgBCstDc2Kk47YoI6aA8fHYUgFag7NqlWz5kCrxC5IFQq0huaX4ycki2isCMdS9m0rVW6OhWKE02nZySRNMRnjkPY1jXFEpZvPb5+iM634KEiErlihufp7IseRlJPI050RViO57M3E/7x+poIbN2dxmikak8WiIONIJWgWBPKZoETxiSaYCKZvRWSEBSZKx1XWIdjLL6+STr1mX9Uu7y+qjdsijhKcwCmcgw3X0IAmtKANBJ7gGV7hzZgaL8a78bFoXTOKmWP4A+PzB5/Zk4o=</latexit>

�
2
H

†
H
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Motivation 
• Minimal extension - a light scalar singlet .ϕ
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†
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�
2
H

†
H

“Dark Higgs” e.g  Patt & Wilczek 0605188

        O’Connell et al. 0611014 
        Bezrukov & Gorbunov 0912.0390 
        Feng et al. 1710.09387 
        Winkler 1809.01876

        Boiarska et al. 1904.10447 
        Kling et al. 2212.06186 
        … 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Motivation 
• Minimal extension - a light scalar singlet .ϕ
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�
2
H

†
H

“Dark Higgs” e.g  Patt & Wilczek 0605188

        O’Connell et al. 0611014 
        Bezrukov & Gorbunov 0912.0390 
        Feng et al. 1710.09387 
        Winkler 1809.01876

        Boiarska et al. 1904.10447 
        Kling et al. 2212.06186 
        … 

PBC @ CERN 1901.09966
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Motivation 
• Minimal extension - a light scalar singlet .ϕ
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Minimal flavor 
violation (MFV)

• Motivated by the successful EFT approach:
Accidental symmetries - B and L number conservation.
Neutrino masses explained by unique dim. 5 operator.
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• Scalars could be directly related to flavor e.g. Flavored 
ALPs.  See Camalich et al. 2002.04623
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See Camalich et al. 2002.04623

        Carmona 2101.07803

        Greljo 2407.02998 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Flavored scalar models
• At an intermediate scale 

<latexit sha1_base64="tXAqDvDrst5rDKL5YXNak45QwxU=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjvpZFNy5cVLAP6Awlk8m0ocnMkGQKZSj4K25cKOLW73Dn35i2s9DWAyGHc+4hNydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+qJJOENkjCE9kOsKKcxbShmea0nUqKRcBpKxjcTvzWkErFkvhRj1LqC9yLWcQI1kbq2odD5HGOPJHN7nsTDXHXrjhVZwq0SNyCVKBAvWt/eWFCMkFjTThWquM6qfZzLDUjnI7LXqZoiskA92jH0BgLqvx8uv4YnRglRFEizYk1mqq/EzkWSo1EYCYF1n01703E/7xOpqNrP2dxmmkak9lDUcaRTtCkCxQySYnmI0MwkczsikgfS0y0aaxsSnDnv7xImmdV97J68XBeqd0UdZTgCI7hFFy4ghrcQR0aQCCHZ3iFN+vJerHerY/Z6JJVZA7gD6zPH8kOlMA=</latexit>

v ⌧ µ ⌧ ⇤
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Flavored scalar models
• At an intermediate scale 

<latexit sha1_base64="tXAqDvDrst5rDKL5YXNak45QwxU=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjvpZFNy5cVLAP6Awlk8m0ocnMkGQKZSj4K25cKOLW73Dn35i2s9DWAyGHc+4hNydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+qJJOENkjCE9kOsKKcxbShmea0nUqKRcBpKxjcTvzWkErFkvhRj1LqC9yLWcQI1kbq2odD5HGOPJHN7nsTDXHXrjhVZwq0SNyCVKBAvWt/eWFCMkFjTThWquM6qfZzLDUjnI7LXqZoiskA92jH0BgLqvx8uv4YnRglRFEizYk1mqq/EzkWSo1EYCYF1n01703E/7xOpqNrP2dxmmkak9lDUcaRTtCkCxQySYnmI0MwkczsikgfS0y0aaxsSnDnv7xImmdV97J68XBeqd0UdZTgCI7hFFy4ghrcQR0aQCCHZ3iFN+vJerHerY/Z6JJVZA7gD6zPH8kOlMA=</latexit>

v ⌧ µ ⌧ ⇤

<latexit sha1_base64="JYPjPVmTyEACNEYOaxsbi1XMTgo="></latexit>

L�f̄f =
C

u
ij

⇤
H̃�Q̄iUj +

C
d
ij

⇤
H�Q̄iDj +

C
`
ij

⇤
H�L̄iEj + h.c.
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Flavored scalar models
• At an intermediate scale 

<latexit sha1_base64="tXAqDvDrst5rDKL5YXNak45QwxU=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjvpZFNy5cVLAP6Awlk8m0ocnMkGQKZSj4K25cKOLW73Dn35i2s9DWAyGHc+4hNydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+qJJOENkjCE9kOsKKcxbShmea0nUqKRcBpKxjcTvzWkErFkvhRj1LqC9yLWcQI1kbq2odD5HGOPJHN7nsTDXHXrjhVZwq0SNyCVKBAvWt/eWFCMkFjTThWquM6qfZzLDUjnI7LXqZoiskA92jH0BgLqvx8uv4YnRglRFEizYk1mqq/EzkWSo1EYCYF1n01703E/7xOpqNrP2dxmmkak9lDUcaRTtCkCxQySYnmI0MwkczsikgfS0y0aaxsSnDnv7xImmdV97J68XBeqd0UdZTgCI7hFFy4ghrcQR0aQCCHZ3iFN+vJerHerY/Z6JJVZA7gD6zPH8kOlMA=</latexit>

v ⌧ µ ⌧ ⇤

<latexit sha1_base64="JYPjPVmTyEACNEYOaxsbi1XMTgo="></latexit>

L�f̄f =
C

u
ij

⇤
H̃�Q̄iUj +

C
d
ij

⇤
H�Q̄iDj +

C
`
ij

⇤
H�L̄iEj + h.c.

<latexit sha1_base64="tplE8ovo88dBWzvBreORPc1fAt8="></latexit>

L�V V =
cgg
⇤

↵s

4⇡
�Gµ⌫Gµ⌫ +

cWW

⇤

↵2

4⇡
�Wµ⌫Wµ⌫ +

cBB

⇤

↵1

4⇡
�Bµ⌫Bµ⌫
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Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v
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Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v
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Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="nBnvK7xCDaDTmV/aeMlmS6jjKTI=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJqSSI11jBwsBQJPqQmqhynJvWquME26lUVV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fca997/IQzpW3728otLC4tr+RXC2vrG5tbxe2duopTSaFGYx7Lpk8UcCagppnm0EwkkMjn0PB712O/0QepWCzu9SABLyIdwUJGiTZSu7jv9omERDEeC+zCQ8r6uH/s3poXAtIuluyyPQGeJ05GSihDtV38coOYphEITTlRquXYifaGRGpGOYwKbqogIbRHOtAyVJAIlDecXDHCh0YJcBhLU0Ljifp7YkgipQaRbzojortq1huL/3mtVIeX3pCJJNUg6PSjMOVYx3gcCQ6YBKr5wBBCJTO7YtolklBtgiuYEJzZk+dJ/aTsnJfP7k5LlassjjzaQwfoCDnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MW3NWdnMLvoD6/MHTkOYdA==</latexit>

" ⌘ v/⇤
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• Mass basis:

Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="nBnvK7xCDaDTmV/aeMlmS6jjKTI=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJqSSI11jBwsBQJPqQmqhynJvWquME26lUVV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fca997/IQzpW3728otLC4tr+RXC2vrG5tbxe2duopTSaFGYx7Lpk8UcCagppnm0EwkkMjn0PB712O/0QepWCzu9SABLyIdwUJGiTZSu7jv9omERDEeC+zCQ8r6uH/s3poXAtIuluyyPQGeJ05GSihDtV38coOYphEITTlRquXYifaGRGpGOYwKbqogIbRHOtAyVJAIlDecXDHCh0YJcBhLU0Ljifp7YkgipQaRbzojortq1huL/3mtVIeX3pCJJNUg6PSjMOVYx3gcCQ6YBKr5wBBCJTO7YtolklBtgiuYEJzZk+dJ/aTsnJfP7k5LlassjjzaQwfoCDnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MW3NWdnMLvoD6/MHTkOYdA==</latexit>

" ⌘ v/⇤
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• Mass basis:

Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="nBnvK7xCDaDTmV/aeMlmS6jjKTI=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJqSSI11jBwsBQJPqQmqhynJvWquME26lUVV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fca997/IQzpW3728otLC4tr+RXC2vrG5tbxe2duopTSaFGYx7Lpk8UcCagppnm0EwkkMjn0PB712O/0QepWCzu9SABLyIdwUJGiTZSu7jv9omERDEeC+zCQ8r6uH/s3poXAtIuluyyPQGeJ05GSihDtV38coOYphEITTlRquXYifaGRGpGOYwKbqogIbRHOtAyVJAIlDecXDHCh0YJcBhLU0Ljifp7YkgipQaRbzojortq1huL/3mtVIeX3pCJJNUg6PSjMOVYx3gcCQ6YBKr5wBBCJTO7YtolklBtgiuYEJzZk+dJ/aTsnJfP7k5LlassjjzaQwfoCDnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MW3NWdnMLvoD6/MHTkOYdA==</latexit>

" ⌘ v/⇤

<latexit sha1_base64="tR7NOV6HntYfE4ztGVeRwOZP7IM=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGbE17LYjQsXVZy20BeZ9E4bmsmMSaZQhn6EG3/FjQtF3Lpw59+YPhbaeiDk5Jx7ubnHjzlT2nG+rYXFpeWV1cxadn1jc2vb3tktqyiRFDwa8UhWfaKAMwGeZppDNZZAQp9Dxe8VR36lD1KxSNzrQQyNkHQECxgl2kgt+5g2gzo8JKyPDbxm0LrJYlxsBthc6eh9N2zW26TTAdmyc07eGQPPE3dKcmiKUsv+qrcjmoQgNOVEqZrrxLqREqkZ5TDM1hMFMaE90oGaoYKEoBrpeKkhPjRKGweRNEdoPFZ/d6QkVGoQ+qYyJLqrZr2R+J9XS3Rw2UiZiBMNgk4GBQnHOsKjhHCbSaCaDwwhVDLzV0y7RBKqTY5ZE4I7u/I8KZ/k3fP82e1prnA1jSOD9tEBOkIuukAFdI1KyEMUPaJn9IrerCfrxXq3PialC9a0Zw/9gfX5A2r9m/U=</latexit>

cf ⌘ Uf
LC

fUf
R

†
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• Mass basis:

Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="nBnvK7xCDaDTmV/aeMlmS6jjKTI=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJqSSI11jBwsBQJPqQmqhynJvWquME26lUVV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fca997/IQzpW3728otLC4tr+RXC2vrG5tbxe2duopTSaFGYx7Lpk8UcCagppnm0EwkkMjn0PB712O/0QepWCzu9SABLyIdwUJGiTZSu7jv9omERDEeC+zCQ8r6uH/s3poXAtIuluyyPQGeJ05GSihDtV38coOYphEITTlRquXYifaGRGpGOYwKbqogIbRHOtAyVJAIlDecXDHCh0YJcBhLU0Ljifp7YkgipQaRbzojortq1huL/3mtVIeX3pCJJNUg6PSjMOVYx3gcCQ6YBKr5wBBCJTO7YtolklBtgiuYEJzZk+dJ/aTsnJfP7k5LlassjjzaQwfoCDnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MW3NWdnMLvoD6/MHTkOYdA==</latexit>

" ⌘ v/⇤

<latexit sha1_base64="TqIplnRiEEoA/vC61hex4Q5FAng=">AAACFHicbZC7TsMwFIadcivlFmBksaiQkEBVgrgtSBUsDAwFkV7UpJXjOqlV5yLbQaqiPAQLr8LCAEKsDGy8DU7bAVqOZPnX958j+/xuzKiQhvGtFebmFxaXisulldW19Q19c6suooRjYuGIRbzpIkEYDYklqWSkGXOCApeRhju4yv3GA+GCRuG9HMbECZAfUo9iJBXq6gdWx+ve2Iew1fGgumCag7usY/eQ7xMOL6DdRzJtZQrrZaNijArOCnMiymBSta7+ZfcinAQklJghIdqmEUsnRVxSzEhWshNBYoQHyCdtJUMUEOGko6UyuKdID3oRVyeUcER/T6QoEGIYuKozQLIvpr0c/ue1E+mdOykN40SSEI8f8hIGZQTzhGCPcoIlGyqBMKfqrxD3EUdYqhxLKgRzeuVZUT+qmKeVk9vjcvVyEkcR7IBdsA9McAaq4BrUgAUweATP4BW8aU/ai/aufYxbC9pkZhv8Ke3zB+J6nOU=</latexit>

Uf
L Y f Uf

R

†
= Ŷ f

<latexit sha1_base64="tR7NOV6HntYfE4ztGVeRwOZP7IM=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGbE17LYjQsXVZy20BeZ9E4bmsmMSaZQhn6EG3/FjQtF3Lpw59+YPhbaeiDk5Jx7ubnHjzlT2nG+rYXFpeWV1cxadn1jc2vb3tktqyiRFDwa8UhWfaKAMwGeZppDNZZAQp9Dxe8VR36lD1KxSNzrQQyNkHQECxgl2kgt+5g2gzo8JKyPDbxm0LrJYlxsBthc6eh9N2zW26TTAdmyc07eGQPPE3dKcmiKUsv+qrcjmoQgNOVEqZrrxLqREqkZ5TDM1hMFMaE90oGaoYKEoBrpeKkhPjRKGweRNEdoPFZ/d6QkVGoQ+qYyJLqrZr2R+J9XS3Rw2UiZiBMNgk4GBQnHOsKjhHCbSaCaDwwhVDLzV0y7RBKqTY5ZE4I7u/I8KZ/k3fP82e1prnA1jSOD9tEBOkIuukAFdI1KyEMUPaJn9IrerCfrxXq3PialC9a0Zw/9gfX5A2r9m/U=</latexit>

cf ⌘ Uf
LC

fUf
R

†
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• Mass basis:

Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="nBnvK7xCDaDTmV/aeMlmS6jjKTI=">AAACBXicbVC7TsMwFHXKq5RXgREGiwqJqSSI11jBwsBQJPqQmqhynJvWquME26lUVV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fca997/IQzpW3728otLC4tr+RXC2vrG5tbxe2duopTSaFGYx7Lpk8UcCagppnm0EwkkMjn0PB712O/0QepWCzu9SABLyIdwUJGiTZSu7jv9omERDEeC+zCQ8r6uH/s3poXAtIuluyyPQGeJ05GSihDtV38coOYphEITTlRquXYifaGRGpGOYwKbqogIbRHOtAyVJAIlDecXDHCh0YJcBhLU0Ljifp7YkgipQaRbzojortq1huL/3mtVIeX3pCJJNUg6PSjMOVYx3gcCQ6YBKr5wBBCJTO7YtolklBtgiuYEJzZk+dJ/aTsnJfP7k5LlassjjzaQwfoCDnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MW3NWdnMLvoD6/MHTkOYdA==</latexit>

" ⌘ v/⇤

<latexit sha1_base64="TqIplnRiEEoA/vC61hex4Q5FAng=">AAACFHicbZC7TsMwFIadcivlFmBksaiQkEBVgrgtSBUsDAwFkV7UpJXjOqlV5yLbQaqiPAQLr8LCAEKsDGy8DU7bAVqOZPnX958j+/xuzKiQhvGtFebmFxaXisulldW19Q19c6suooRjYuGIRbzpIkEYDYklqWSkGXOCApeRhju4yv3GA+GCRuG9HMbECZAfUo9iJBXq6gdWx+ve2Iew1fGgumCag7usY/eQ7xMOL6DdRzJtZQrrZaNijArOCnMiymBSta7+ZfcinAQklJghIdqmEUsnRVxSzEhWshNBYoQHyCdtJUMUEOGko6UyuKdID3oRVyeUcER/T6QoEGIYuKozQLIvpr0c/ue1E+mdOykN40SSEI8f8hIGZQTzhGCPcoIlGyqBMKfqrxD3EUdYqhxLKgRzeuVZUT+qmKeVk9vjcvVyEkcR7IBdsA9McAaq4BrUgAUweATP4BW8aU/ai/aufYxbC9pkZhv8Ke3zB+J6nOU=</latexit>

Uf
L Y f Uf

R

†
= Ŷ f

<latexit sha1_base64="tvRpMdZpm6C6W/uU4bd2hyDE41E=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTia1l048JFBdMW2homk9t26OThzKRQQndu/BU3LhRx6y+482+cpllo64F7OZxzLzP3eDFnUlnWt1FYWFxaXimultbWNza3zO2duowSQcGhEY9E0yMSOAvBUUxxaMYCSOBxaHiDq4nfGIKQLArv1CiGTkB6IesySpSWXHO/jtvwkLAhdtyb+yTrqY/bPun1QIxds2xVrAx4ntg5KaMcNdf8avsRTQIIFeVEypZtxaqTEqEY5TAutRMJMaED0oOWpiEJQHbS7I4xPtSKj7uR0BUqnKm/N1ISSDkKPD0ZENWXs95E/M9rJap70UlZGCcKQjp9qJtwrCI8CQX7TABVfKQJoYLpv2LaJ4JQpaMr6RDs2ZPnSf24Yp9VTm9PytXLPI4i2kMH6AjZ6BxV0TWqIQdR9Iie0St6M56MF+Pd+JiOFox8Zxf9gfH5A6WomJA=</latexit>

V ⌘ Uu
LU

d†
L

<latexit sha1_base64="tR7NOV6HntYfE4ztGVeRwOZP7IM=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGbE17LYjQsXVZy20BeZ9E4bmsmMSaZQhn6EG3/FjQtF3Lpw59+YPhbaeiDk5Jx7ubnHjzlT2nG+rYXFpeWV1cxadn1jc2vb3tktqyiRFDwa8UhWfaKAMwGeZppDNZZAQp9Dxe8VR36lD1KxSNzrQQyNkHQECxgl2kgt+5g2gzo8JKyPDbxm0LrJYlxsBthc6eh9N2zW26TTAdmyc07eGQPPE3dKcmiKUsv+qrcjmoQgNOVEqZrrxLqREqkZ5TDM1hMFMaE90oGaoYKEoBrpeKkhPjRKGweRNEdoPFZ/d6QkVGoQ+qYyJLqrZr2R+J9XS3Rw2UiZiBMNgk4GBQnHOsKjhHCbSaCaDwwhVDLzV0y7RBKqTY5ZE4I7u/I8KZ/k3fP82e1prnA1jSOD9tEBOkIuukAFdI1KyEMUPaJn9IrerCfrxXq3PialC9a0Zw/9gfX5A2r9m/U=</latexit>

cf ⌘ Uf
LC

fUf
R

†
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Flavored scalar models
• Below the electroweak scale

<latexit sha1_base64="zSHlkD0/NpgNb15weYRFr5qLFAc=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjbsegF48RzAKZIfR0apIm3TNDL4EY8iVePCji1U/x5t/YSeagiQ8KHu9VUVUvyjhT2vO+ncLa+sbmVnG7tLO7t192Dw6bKjWSQoOmPJXtiCjgLIGGZppDO5NARMShFQ3vZn5rBFKxNHnU4wxCQfoJixkl2kpdt4wDYXDAQSnFBB513YpX9ebAq8TPSQXlqHfdr6CXUiMg0ZQTpTq+l+lwQqRmlMO0FBgFGaFD0oeOpQkRoMLJ/PApPrVKD8eptJVoPFd/T0yIUGosItspiB6oZW8m/ud1jI5vwglLMqMhoYtFseFYp3iWAu4xCVTzsSWESmZvxXRAJKHaZlWyIfjLL6+S5nnVv6pePlxUard5HEV0jE7QGfLRNaqhe1RHDUSRQc/oFb05T86L8+58LFoLTj5zhP7A+fwBEwGSuw==</latexit>

µ . v

<latexit sha1_base64="8UjjLRBys/I0wOBNV3DN3LgHfu8="></latexit>

L�V V =
cgg
⇤

↵s

4⇡
�Gµ⌫Gµ⌫ +

c��
⇤

↵

4⇡
�Fµ⌫Fµ⌫ + ...

<latexit sha1_base64="Q5qEzZDPmQkQ3WIMMGKkZMdvBSo=">AAACC3icbZBNS8MwGMdTX+d8q3r0EjYEQRit+HYRxrx4nODWwVZKmmVbWJKWJBVG6d2LX8WLB0W8+gW8+W1Mtx5084GEH///85A8/zBmVGnH+baWlldW19ZLG+XNre2dXXtvv62iRGLSwhGLZCdEijAqSEtTzUgnlgTxkBEvHN/kvvdApKKRuNeTmPgcDQUdUIy0kQK7goO0N0Sco9mdXUOjNBoZPIE5eV4W2FWn5kwLLoJbQBUU1Qzsr14/wgknQmOGlOq6Tqz9FElNMSNZuZcoEiM8RkPSNSgQJ8pPp7tk8MgofTiIpDlCw6n6eyJFXKkJD00nR3qk5r1c/M/rJnpw5adUxIkmAs8eGiQM6gjmwcA+lQRrNjGAsKTmrxCPkERYm/jKJgR3fuVFaJ/W3Iva+d1Ztd4o4iiBQ1ABx8AFl6AObkETtAAGj+AZvII368l6sd6tj1nrklXMHIA/ZX3+AH39mg8=</latexit>

c�� = cBB + cWW9



Flavored scalar models
• Focus on: <latexit sha1_base64="UyWQ6bPpXsrm9n24C7aFgaqrcmQ=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uM+Fq4KHUjdFPBPqAdhkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NmXYW2noguYdz7iW5J4gZVdpxvq2FxaXlldXCWnF9Y3Nr297ZbaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VApKKRuNejmHgc9QUNKUbaSL69z/3aCfe7Mb3O7kFWqkao+XbJKTsTwHni5qQEctR9+6vbi3DCidCYIaU6rhNrL0VSU8zIuNhNFIkRHqI+6RgqECfKSycbjOGRUXowjKQ5QsOJ+nsiRVypEQ9MJ0d6oGa9TPzP6yQ6vPJSKuJEE4GnD4UJgzqCWRywRyXBmo0MQVhS81eIB0girE1oRROCO7vyPGmelt2L8vndWalSzeMogANwCI6BCy5BBdyCOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gA4wJYd</latexit>

mK �m⇡ < m� < mB �mK
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Flavored scalar models
• Focus on: <latexit sha1_base64="UyWQ6bPpXsrm9n24C7aFgaqrcmQ=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uM+Fq4KHUjdFPBPqAdhkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NmXYW2noguYdz7iW5J4gZVdpxvq2FxaXlldXCWnF9Y3Nr297ZbaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VApKKRuNejmHgc9QUNKUbaSL69z/3aCfe7Mb3O7kFWqkao+XbJKTsTwHni5qQEctR9+6vbi3DCidCYIaU6rhNrL0VSU8zIuNhNFIkRHqI+6RgqECfKSycbjOGRUXowjKQ5QsOJ+nsiRVypEQ9MJ0d6oGa9TPzP6yQ6vPJSKuJEE4GnD4UJgzqCWRywRyXBmo0MQVhS81eIB0girE1oRROCO7vyPGmelt2L8vndWalSzeMogANwCI6BCy5BBdyCOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gA4wJYd</latexit>

mK �m⇡ < m� < mB �mK

• Dominant production channels: B and D meson decays.
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Flavored scalar models
• Focus on: <latexit sha1_base64="UyWQ6bPpXsrm9n24C7aFgaqrcmQ=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uM+Fq4KHUjdFPBPqAdhkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6NmXYW2noguYdz7iW5J4gZVdpxvq2FxaXlldXCWnF9Y3Nr297ZbaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG8yv/VApKKRuNejmHgc9QUNKUbaSL69z/3aCfe7Mb3O7kFWqkao+XbJKTsTwHni5qQEctR9+6vbi3DCidCYIaU6rhNrL0VSU8zIuNhNFIkRHqI+6RgqECfKSycbjOGRUXowjKQ5QsOJ+nsiRVypEQ9MJ0d6oGa9TPzP6yQ6vPJSKuJEE4GnD4UJgzqCWRywRyXBmo0MQVhS81eIB0girE1oRROCO7vyPGmelt2L8vndWalSzeMogANwCI6BCy5BBdyCOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gA4wJYd</latexit>

mK �m⇡ < m� < mB �mK

• Dominant production channels: B and D meson decays.

• Depends strongly on the assumed flavor structure!

<latexit sha1_base64="JkPIyq+UO8GSXqNZPzXsAcgQTng="></latexit>

L�f̄f =
1p
2
"
⇥
cuij� ūiPRuj + cdij� d̄iPRdj + c`ij� ¯̀

iPR`j + h.c.
⇤
,

10



Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation. D'Ambrosio et al. hep-ph/0207036

11



Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation.
<latexit sha1_base64="kFCo0ANDmUu4QBPuPKLrhjdqSdI=">AAACF3icbZC7TsMwFIYdrqXcAowsFhVSWaKE+1jBwsDQItJWaqPIcZzWquNEtoNURX0LFl6FhQGEWGHjbXDbDNDyS5Z+feccHZ8/SBmVyra/jYXFpeWV1dJaeX1jc2vb3NltyiQTmLg4YYloB0gSRjlxFVWMtFNBUBww0goG1+N664EISRN+r4Yp8WLU4zSiGCmNfNNyqydHft7wb0ewq2hMJJySzL+bIaEmvlmxLXsiOG+cwlRAobpvfnXDBGcx4QozJGXHsVPl5UgoihkZlbuZJCnCA9QjHW050vu8fHLXCB5qEsIoEfpxBSf090SOYimHcaA7Y6T6crY2hv/VOpmKLr2c8jRThOPpoihjUCVwHBIMqSBYsaE2CAuq/wpxHwmElY6yrENwZk+eN81jyzm3zhqnldpVEUcJ7IMDUAUOuAA1cAPqwAUYPIJn8ArejCfjxXg3PqatC0Yxswf+yPj8AaVZncQ=</latexit>

U(3)QL ⇥ U(3)uR ⇥ U(3)dR

D'Ambrosio et al. hep-ph/0207036
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Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation.
<latexit sha1_base64="kFCo0ANDmUu4QBPuPKLrhjdqSdI=">AAACF3icbZC7TsMwFIYdrqXcAowsFhVSWaKE+1jBwsDQItJWaqPIcZzWquNEtoNURX0LFl6FhQGEWGHjbXDbDNDyS5Z+feccHZ8/SBmVyra/jYXFpeWV1dJaeX1jc2vb3NltyiQTmLg4YYloB0gSRjlxFVWMtFNBUBww0goG1+N664EISRN+r4Yp8WLU4zSiGCmNfNNyqydHft7wb0ewq2hMJJySzL+bIaEmvlmxLXsiOG+cwlRAobpvfnXDBGcx4QozJGXHsVPl5UgoihkZlbuZJCnCA9QjHW050vu8fHLXCB5qEsIoEfpxBSf090SOYimHcaA7Y6T6crY2hv/VOpmKLr2c8jRThOPpoihjUCVwHBIMqSBYsaE2CAuq/wpxHwmElY6yrENwZk+eN81jyzm3zhqnldpVEUcJ7IMDUAUOuAA1cAPqwAUYPIJn8ArejCfjxXg3PqatC0Yxswf+yPj8AaVZncQ=</latexit>

U(3)QL ⇥ U(3)uR ⇥ U(3)dR

<latexit sha1_base64="rHXesIcxAxypL40NKoE+3HRjUWs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8QTfFblxWsA/pjCWTZtrYTBKSjFCGfoAbf8WNC0Xc+gHu/BvTdhbaeiBwcs69JOeEklFtXPfbWVhcWl5Zza3l1zc2t7YLO7sNLRKFSR0LJlQrRJowykndUMNISyqC4pCRZjiojv3mA1GaCn5jhpIEMepxGlGMjJU6hWL1Luqk9H4E/bJfhr5UQhoxvdxmlp1yS+4EcJ54GSmCDLVO4cvvCpzEhBvMkNZtz5UmSJEyFDMyyvuJJhLhAeqRtqUcxUQH6STMCB5apQsjoezhBk7U3xspirUexqGdjJHp61lvLP7ntRMTXQQp5TIxhOPpQ1HCoI07bgZ2qSLYsKElCCtq/wpxHymEje0vb0vwZiPPk8ZxyTsrnV6fFCuXWR05sA8OwBHwwDmogCtQA3WAwSN4Bq/gzXlyXpx352M6uuBkO3vgD5zPHxfvmmc=</latexit>

Cf
ij / Y f

ij

D'Ambrosio et al. hep-ph/0207036
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Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation.
<latexit sha1_base64="kFCo0ANDmUu4QBPuPKLrhjdqSdI=">AAACF3icbZC7TsMwFIYdrqXcAowsFhVSWaKE+1jBwsDQItJWaqPIcZzWquNEtoNURX0LFl6FhQGEWGHjbXDbDNDyS5Z+feccHZ8/SBmVyra/jYXFpeWV1dJaeX1jc2vb3NltyiQTmLg4YYloB0gSRjlxFVWMtFNBUBww0goG1+N664EISRN+r4Yp8WLU4zSiGCmNfNNyqydHft7wb0ewq2hMJJySzL+bIaEmvlmxLXsiOG+cwlRAobpvfnXDBGcx4QozJGXHsVPl5UgoihkZlbuZJCnCA9QjHW050vu8fHLXCB5qEsIoEfpxBSf090SOYimHcaA7Y6T6crY2hv/VOpmKLr2c8jRThOPpoihjUCVwHBIMqSBYsaE2CAuq/wpxHwmElY6yrENwZk+eN81jyzm3zhqnldpVEUcJ7IMDUAUOuAA1cAPqwAUYPIJn8ArejCfjxXg3PqatC0Yxswf+yPj8AaVZncQ=</latexit>

U(3)QL ⇥ U(3)uR ⇥ U(3)dR

<latexit sha1_base64="rHXesIcxAxypL40NKoE+3HRjUWs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8QTfFblxWsA/pjCWTZtrYTBKSjFCGfoAbf8WNC0Xc+gHu/BvTdhbaeiBwcs69JOeEklFtXPfbWVhcWl5Zza3l1zc2t7YLO7sNLRKFSR0LJlQrRJowykndUMNISyqC4pCRZjiojv3mA1GaCn5jhpIEMepxGlGMjJU6hWL1Luqk9H4E/bJfhr5UQhoxvdxmlp1yS+4EcJ54GSmCDLVO4cvvCpzEhBvMkNZtz5UmSJEyFDMyyvuJJhLhAeqRtqUcxUQH6STMCB5apQsjoezhBk7U3xspirUexqGdjJHp61lvLP7ntRMTXQQp5TIxhOPpQ1HCoI07bgZ2qSLYsKElCCtq/wpxHymEje0vb0vwZiPPk8ZxyTsrnV6fFCuXWR05sA8OwBHwwDmogCtQA3WAwSN4Bq/gzXlyXpx352M6uuBkO3vgD5zPHxfvmmc=</latexit>

Cf
ij / Y f

ij

<latexit sha1_base64="hVayrUseEEXSlqRD+NMp8LhwYQc=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwMEYrfsEuQy8eJ7gPWWtJs3SLS5uSpMIo/Se8+K948aCIV8Gb/43Z1oNuPgi8vPf7kbznx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3dakicCkybmjIuOjyRhNCJNRRUjnVgQFPqMtP3h5dhvPxAhKY9u1Cgmboj6EQ0oRkpLnlnBd4GX0vsMOjWnBp1Y8Fjx6QU6FWeAVHqb5TOeWbaq1gRwntg5KYMcDc/8cnocJyGJFGZIyq5txcpNkVAUM5KVnESSGOEh6pOuphEKiXTTSaoMHmilBwMu9IkUnKi/N1IUSjkKfT0ZIjWQs95Y/M/rJio4d1MaxYkiEZ4+FCQM6tzjimCPCoIVG2mCsKD6rxAPkEBY6SJLugR7NvI8aR1V7dPqyfVxuX6R11EEe2AfHAIbnIE6uAIN0AQYPIJn8ArejCfjxXg3PqajBSPf2QV/YHz+APXrnho=</latexit>

cfij / Ŷ f
ij

D'Ambrosio et al. hep-ph/0207036
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Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation.
<latexit sha1_base64="kFCo0ANDmUu4QBPuPKLrhjdqSdI=">AAACF3icbZC7TsMwFIYdrqXcAowsFhVSWaKE+1jBwsDQItJWaqPIcZzWquNEtoNURX0LFl6FhQGEWGHjbXDbDNDyS5Z+feccHZ8/SBmVyra/jYXFpeWV1dJaeX1jc2vb3NltyiQTmLg4YYloB0gSRjlxFVWMtFNBUBww0goG1+N664EISRN+r4Yp8WLU4zSiGCmNfNNyqydHft7wb0ewq2hMJJySzL+bIaEmvlmxLXsiOG+cwlRAobpvfnXDBGcx4QozJGXHsVPl5UgoihkZlbuZJCnCA9QjHW050vu8fHLXCB5qEsIoEfpxBSf090SOYimHcaA7Y6T6crY2hv/VOpmKLr2c8jRThOPpoihjUCVwHBIMqSBYsaE2CAuq/wpxHwmElY6yrENwZk+eN81jyzm3zhqnldpVEUcJ7IMDUAUOuAA1cAPqwAUYPIJn8ArejCfjxXg3PqatC0Yxswf+yPj8AaVZncQ=</latexit>

U(3)QL ⇥ U(3)uR ⇥ U(3)dR

Flavor-changing neutral currents vanish at tree level!

<latexit sha1_base64="rHXesIcxAxypL40NKoE+3HRjUWs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8QTfFblxWsA/pjCWTZtrYTBKSjFCGfoAbf8WNC0Xc+gHu/BvTdhbaeiBwcs69JOeEklFtXPfbWVhcWl5Zza3l1zc2t7YLO7sNLRKFSR0LJlQrRJowykndUMNISyqC4pCRZjiojv3mA1GaCn5jhpIEMepxGlGMjJU6hWL1Luqk9H4E/bJfhr5UQhoxvdxmlp1yS+4EcJ54GSmCDLVO4cvvCpzEhBvMkNZtz5UmSJEyFDMyyvuJJhLhAeqRtqUcxUQH6STMCB5apQsjoezhBk7U3xspirUexqGdjJHp61lvLP7ntRMTXQQp5TIxhOPpQ1HCoI07bgZ2qSLYsKElCCtq/wpxHymEje0vb0vwZiPPk8ZxyTsrnV6fFCuXWR05sA8OwBHwwDmogCtQA3WAwSN4Bq/gzXlyXpx352M6uuBkO3vgD5zPHxfvmmc=</latexit>

Cf
ij / Y f

ij

<latexit sha1_base64="hVayrUseEEXSlqRD+NMp8LhwYQc=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwMEYrfsEuQy8eJ7gPWWtJs3SLS5uSpMIo/Se8+K948aCIV8Gb/43Z1oNuPgi8vPf7kbznx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3dakicCkybmjIuOjyRhNCJNRRUjnVgQFPqMtP3h5dhvPxAhKY9u1Cgmboj6EQ0oRkpLnlnBd4GX0vsMOjWnBp1Y8Fjx6QU6FWeAVHqb5TOeWbaq1gRwntg5KYMcDc/8cnocJyGJFGZIyq5txcpNkVAUM5KVnESSGOEh6pOuphEKiXTTSaoMHmilBwMu9IkUnKi/N1IUSjkKfT0ZIjWQs95Y/M/rJio4d1MaxYkiEZ4+FCQM6tzjimCPCoIVG2mCsKD6rxAPkEBY6SJLugR7NvI8aR1V7dPqyfVxuX6R11EEe2AfHAIbnIE6uAIN0AQYPIJn8ArejCfjxXg3PqajBSPf2QV/YHz+APXrnho=</latexit>

cfij / Ŷ f
ij

D'Ambrosio et al. hep-ph/0207036
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Minimal Flavor Violation
• Minimal flavor violation : SM Yukawas are the 

only source of flavor violation.
<latexit sha1_base64="kFCo0ANDmUu4QBPuPKLrhjdqSdI=">AAACF3icbZC7TsMwFIYdrqXcAowsFhVSWaKE+1jBwsDQItJWaqPIcZzWquNEtoNURX0LFl6FhQGEWGHjbXDbDNDyS5Z+feccHZ8/SBmVyra/jYXFpeWV1dJaeX1jc2vb3NltyiQTmLg4YYloB0gSRjlxFVWMtFNBUBww0goG1+N664EISRN+r4Yp8WLU4zSiGCmNfNNyqydHft7wb0ewq2hMJJySzL+bIaEmvlmxLXsiOG+cwlRAobpvfnXDBGcx4QozJGXHsVPl5UgoihkZlbuZJCnCA9QjHW050vu8fHLXCB5qEsIoEfpxBSf090SOYimHcaA7Y6T6crY2hv/VOpmKLr2c8jRThOPpoihjUCVwHBIMqSBYsaE2CAuq/wpxHwmElY6yrENwZk+eN81jyzm3zhqnldpVEUcJ7IMDUAUOuAA1cAPqwAUYPIJn8ArejCfjxXg3PqatC0Yxswf+yPj8AaVZncQ=</latexit>

U(3)QL ⇥ U(3)uR ⇥ U(3)dR

Flavor-changing neutral currents vanish at tree level!

“Dark Higgs”:
<latexit sha1_base64="077iyjNTLu468FJz/5j0YUZHDmQ=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsKu+DoGvXiMYB6QXcLspDcZMjuzzMwGQszBX/HiQRGv/oY3/8ZJsgdNLGgoqrrp7opSzrTxvG9naXlldW29sFHc3Nre2XX39utaZopCjUouVTMiGjgTUDPMcGimCkgScWhE/duJ3xiA0kyKBzNMIUxIV7CYUWKs1HYPgwFRkGrGpcCBkbZ6YEjbLXllbwq8SPyclFCOatv9CjqSZgkIQznRuuV7qQlHRBlGOYyLQaYhJbRPutCyVJAEdDia3j/GJ1bp4FgqW8Lgqfp7YkQSrYdJZDsTYnp63puI/3mtzMTX4YiJNDMg6GxRnHFs/5yEgTtMATV8aAmhitlbMe0RRaixkRVtCP78y4ukflb2L8sX9+elyk0eRwEdoWN0inx0hSroDlVRDVH0iJ7RK3pznpwX5935mLUuOfnMAfoD5/MHC0qWIQ==</latexit>

" ! ✓
<latexit sha1_base64="8hfPvEFkY3QYIQRe7cgHoB7iqk4=">AAACNHicbVDLSgMxFM34tr6qLt0EiyAIZUZ8bQTRjeCmgm2FTimZ9LYTmskMyR1xGPpRbvwQNyK4UMSt32D6EHwdSDiccy7JPUEihUHXfXImJqemZ2bn5gsLi0vLK8XVtZqJU82hymMZ6+uAGZBCQRUFSrhONLAokFAPemcDv34D2ohYXWGWQDNiXSU6gjO0Uqt4EdJj6vPYUB9DQEbDVu4j3KK9hcpoEmam36c7vhHqK+Inofgv1SqW3LI7BP1LvDEpkTEqreKD3455GoFCLpkxDc9NsJkzjYJL6Bf81EDCeI91oWGpYhGYZj5cuk+3rNKmnVjbo5AO1e8TOYuMyaLAJiOGofntDcT/vEaKnaNmLlSSIig+eqiTSooxHTRI20IDR5lZwrgW9q+Uh0wzjrbngi3B+73yX1LbLXsH5f3LvdLJ6biOObJBNsk28cghOSHnpEKqhJM78kheyKtz7zw7b877KDrhjGfWyQ84H58Teqxr</latexit>

h = cos ✓hphys + sin ✓�phys

<latexit sha1_base64="rHXesIcxAxypL40NKoE+3HRjUWs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZ8QTfFblxWsA/pjCWTZtrYTBKSjFCGfoAbf8WNC0Xc+gHu/BvTdhbaeiBwcs69JOeEklFtXPfbWVhcWl5Zza3l1zc2t7YLO7sNLRKFSR0LJlQrRJowykndUMNISyqC4pCRZjiojv3mA1GaCn5jhpIEMepxGlGMjJU6hWL1Luqk9H4E/bJfhr5UQhoxvdxmlp1yS+4EcJ54GSmCDLVO4cvvCpzEhBvMkNZtz5UmSJEyFDMyyvuJJhLhAeqRtqUcxUQH6STMCB5apQsjoezhBk7U3xspirUexqGdjJHp61lvLP7ntRMTXQQp5TIxhOPpQ1HCoI07bgZ2qSLYsKElCCtq/wpxHymEje0vb0vwZiPPk8ZxyTsrnV6fFCuXWR05sA8OwBHwwDmogCtQA3WAwSN4Bq/gzXlyXpx352M6uuBkO3vgD5zPHxfvmmc=</latexit>

Cf
ij / Y f

ij

<latexit sha1_base64="hVayrUseEEXSlqRD+NMp8LhwYQc=">AAACFXicbVDNS8MwHE3n15xfVY9egkPwMEYrfsEuQy8eJ7gPWWtJs3SLS5uSpMIo/Se8+K948aCIV8Gb/43Z1oNuPgi8vPf7kbznx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3dakicCkybmjIuOjyRhNCJNRRUjnVgQFPqMtP3h5dhvPxAhKY9u1Cgmboj6EQ0oRkpLnlnBd4GX0vsMOjWnBp1Y8Fjx6QU6FWeAVHqb5TOeWbaq1gRwntg5KYMcDc/8cnocJyGJFGZIyq5txcpNkVAUM5KVnESSGOEh6pOuphEKiXTTSaoMHmilBwMu9IkUnKi/N1IUSjkKfT0ZIjWQs95Y/M/rJio4d1MaxYkiEZ4+FCQM6tzjimCPCoIVG2mCsKD6rxAPkEBY6SJLugR7NvI8aR1V7dPqyfVxuX6R11EEe2AfHAIbnIE6uAIN0AQYPIJn8ArejCfjxXg3PqajBSPf2QV/YHz+APXrnho=</latexit>

cfij / Ŷ f
ij

D'Ambrosio et al. hep-ph/0207036
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Generated at 1-loop in  
Dark Higgs models
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Beyond MFV : alignment Leurer, Nir, Seiberg hep-ph/9212278
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• Determined up to O(1) factors.
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@
�6 �4 �3

�5 �3 �2
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�6 �5 �5
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1
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<latexit sha1_base64="ycU/mGH3YeU/HOND+jnVmaztYCQ="></latexit>

yu ⇠ yd ⇠ y2c ⇠ �6 and ys ⇠ y2b ⇠ �4 ,
<latexit sha1_base64="ycU/mGH3YeU/HOND+jnVmaztYCQ="></latexit>

yu ⇠ yd ⇠ y2c ⇠ �6 and ys ⇠ y2b ⇠ �4 ,

<latexit sha1_base64="VqQiFquVL18xk4hRxuAb3wCZZj8=">AAACD3icbVBNS8NAEN3U7/pV9eglWBQFqYn4dRGKXjxWsCo0MWy203bpbhJ2J2IJ/Qde/CtePCji1as3/43bmoNaH8zweG+G3XlhIrhGx/m0CmPjE5NT0zPF2bn5hcXS0vKljlPFoM5iEavrkGoQPII6chRwnSigMhRwFXZPB/7VLSjN4+gCewn4krYj3uKMopGC0ga78UCIYw/hDrMmp+3+pgxgWwaeTAcdabq1cxuUyk7FGcIeJW5OyiRHLSh9eM2YpRIiZIJq3XCdBP2MKuRMQL/opRoSyrq0DQ1DIypB+9nwnr69bpSm3YqVqQjtofpzI6NS654MzaSk2NF/vYH4n9dIsXXkZzxKUoSIfT/USoWNsT0Ix25yBQxFzxDKFDd/tVmHKsrQRFg0Ibh/Tx4ll7sV96Cyf75Xrp7kcUyTVbJGNolLDkmVnJEaqRNG7skjeSYv1oP1ZL1ab9+jBSvfWSG/YL1/AbGKnHE=</latexit>

c` = diag(me,mµ,m⌧ )/v

Lepton sector -  
more symmetries are needed! 
 Grossman, Nir, Shadmi hep-ph/9808355

• In our case

• Determined up to O(1) factors.
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����
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�2
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(comparable if ND ⇡ 104NB)
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FN and FNU models
1. “FN” model :  are generated tree 

level at .
Cu, Cd, Cℓ

Λ

2. “FNU” model : Only  is generated at the 
tree level at   ( ).
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Λ cd = cℓ = 0
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Pheno : Production

<latexit sha1_base64="ZEspzMAbBvcdAleb9cMEPVSkRYA="></latexit>

Br(D ! ⇡ �) ⇡ "2mc|cuuc|2

32⇡�D0

F


mu

mc
,
m�

mc

�
⇡ 10�11

✓
1010 GeV

⇤

◆2 ✓ |cuuc|
�4

◆2 ✓F

1

◆
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Br(D ! ⇡ �) ⇡ "2mc|cuuc|2

32⇡�D0

F


mu

mc
,
m�

mc

�
⇡ 10�11

✓
1010 GeV

⇤

◆2 ✓ |cuuc|
�4

◆2 ✓F

1

◆

<latexit sha1_base64="XMQzufw6C66iLSL49AAgw2hW4Ug="></latexit>

F [x, y] ⌘
p

1� (x+ y)2
p

1� (x� y)2(1 + x2 � y2)
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Pheno : Production

<latexit sha1_base64="ZEspzMAbBvcdAleb9cMEPVSkRYA="></latexit>

Br(D ! ⇡ �) ⇡ "2mc|cuuc|2

32⇡�D0

F


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mc
,
m�

mc

�
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✓
1010 GeV

⇤
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�4

◆2 ✓F

1

◆

<latexit sha1_base64="fKzvYMjdxlORVIy/k7W8xX+pDdQ="></latexit>

Br(B ! K �) ⇡ "2mb|cdbs|2

32⇡�B0
F


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mb
,
m�

mb

�
⇡ 10�7

✓
1010 GeV

⇤

◆2 ✓ |cdbs|
�2

◆2 ✓
F

1

◆
,

<latexit sha1_base64="XMQzufw6C66iLSL49AAgw2hW4Ug="></latexit>

F [x, y] ⌘
p

1� (x+ y)2
p

1� (x� y)2(1 + x2 � y2)
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Pheno : Decays
• The scalar decays hadronically:

- Low energy ( < 2 GeV) : ChiPT + dispersive methods.

- High energy ( > 2 GeV) : spectator model (perturbative).
Winkler 1809.01876

Blackstone et al. 2407.13587
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Pheno : Lifetime
RB, Burger, Feng, Shadmi 2412.15197
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Pheno : Lifetime

<latexit sha1_base64="BYrWePTPVrjR88g5XTja4ENe56E="></latexit>

cu ⇠

0

@
�6 �4 �3

�5 �3 �2

�3 � 1

1

A , cd ⇠

0

@
�6 �5 �5

�5 �4 �4

�3 �2 �2

1

A

<latexit sha1_base64="BYrWePTPVrjR88g5XTja4ENe56E="></latexit>

cu ⇠

0

@
�6 �4 �3

�5 �3 �2

�3 � 1

1

A , cd ⇠

0

@
�6 �5 �5

�5 �4 �4

�3 �2 �2

1

A

RB, Burger, Feng, Shadmi 2412.15197
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Varying O(1) 
 pre-factors 

[1/3-3]

<latexit sha1_base64="BYrWePTPVrjR88g5XTja4ENe56E="></latexit>

cu ⇠

0

@
�6 �4 �3

�5 �3 �2

�3 � 1

1

A , cd ⇠

0

@
�6 �5 �5

�5 �4 �4
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1

A
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@
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Varying O(1) 
 pre-factors 

[1/3-3]

<latexit sha1_base64="BYrWePTPVrjR88g5XTja4ENe56E="></latexit>

cu ⇠
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@
�6 �4 �3

�5 �3 �2
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1
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@
�6 �5 �5

�5 �4 �4

�3 �2 �2

1

A

<latexit sha1_base64="BYrWePTPVrjR88g5XTja4ENe56E="></latexit>

cu ⇠

0

@
�6 �4 �3

�5 �3 �2

�3 � 1

1

A , cd ⇠

0

@
�6 �5 �5

�5 �4 �4

�3 �2 �2

1

A

FASER peak sensitivity

RB, Burger, Feng, Shadmi 2412.15197
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FASER

 Image taken from Brian Petersen – The FASER Collaboration
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FASER

FASER LOI : NOV 2018

FASER collaboration 2308.05587

 Image taken from Brian Petersen – The FASER Collaboration

CERN-FASER-CONF-2024-001
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Results - FN models LHCb
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<latexit sha1_base64="np298Q6SAp20uOphNggf2+obLoc=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBEqSJkRX8uiG8FNBfuAzlAyaaYNzWSGJCOU0g9w46+4caGIWz/AnX9jZjoLbT3khsO555Lc48ecKW3b39bC4tLyymphrbi+sbm1XdrZbaookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH16n/dYDlYpF4l6PYuqFuC9YwAjWRuqWyrfI1RFyY2ZqYK5jhCopy9QwMefIuOyqnQHNEycnZchR75a+3F5EkpAKTThWquPYsfbGWGpGOJ0U3UTRGJMh7tOOoQKHVHnjbJkJOjRKDwWRNCU0ytTfE2McKjUKfeMMsR6o2V4q/tfrJDq49MZMxImmgkwfChKOzKJpMqjHJCWajwzBRDLzV0QGWGKiTX5FE4Izu/I8aZ5UnfPq2d1puXaVx1GAfTiACjhwATW4gTo0gMAjPMMrvFlP1ov1bn1MrQtWPrMHf2B9/gCmn5mA</latexit>
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2303.08666

BaBar
<latexit sha1_base64="IWhl+E9ZiH7QrO5i0juPwY762YE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBKHMiK9lqRvBTQX7gHYomfROG5rJDElGLEPd+CtuXCji1r9w59+YtrPQ1gMhh3PuJTnHjzlT2nG+rdzC4tLySn61sLa+sbllb+/UVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvuNe5CKReJOD2PwQtITLGCUaCN17L0KbusI3+Bjc8ODTkOmFBO9UccuOiVnAjxP3IwUUYZqx/5qdyOahCA05USpluvE2kuJ1IxyGBXaiYKY0AHpQctQQUJQXjpJMMKHRuniIJLmCI0n6u+NlIRKDUPfTIZE99WsNxb/81qJDi69lIk40SDo9KEg4dhkHteBu0wC1XxoCKGSmb9i2ieSUG1KK5gS3NnI86R+UnLPS2e3p8VyJasjj/bRATpCLrpAZXSNqqiGKHpEz+gVvVlP1ov1bn1MR3NWtrOL/sD6/AFHEpYv</latexit>

B ! K +missing
1303.7465 

 Camalich et al. 2002.04623
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Results - FN models (gluonphillic) LHCb
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<latexit sha1_base64="np298Q6SAp20uOphNggf2+obLoc=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBEqSJkRX8uiG8FNBfuAzlAyaaYNzWSGJCOU0g9w46+4caGIWz/AnX9jZjoLbT3khsO555Lc48ecKW3b39bC4tLyymphrbi+sbm1XdrZbaookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH16n/dYDlYpF4l6PYuqFuC9YwAjWRuqWyrfI1RFyY2ZqYK5jhCopy9QwMefIuOyqnQHNEycnZchR75a+3F5EkpAKTThWquPYsfbGWGpGOJ0U3UTRGJMh7tOOoQKHVHnjbJkJOjRKDwWRNCU0ytTfE2McKjUKfeMMsR6o2V4q/tfrJDq49MZMxImmgkwfChKOzKJpMqjHJCWajwzBRDLzV0QGWGKiTX5FE4Izu/I8aZ5UnfPq2d1puXaVx1GAfTiACjhwATW4gTo0gMAjPMMrvFlP1ov1bn1MrQtWPrMHf2B9/gCmn5mA</latexit>

K ! ⇡� (� ! µµ)

BaBar
<latexit sha1_base64="IWhl+E9ZiH7QrO5i0juPwY762YE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBKHMiK9lqRvBTQX7gHYomfROG5rJDElGLEPd+CtuXCji1r9w59+YtrPQ1gMhh3PuJTnHjzlT2nG+rdzC4tLySn61sLa+sbllb+/UVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvuNe5CKReJOD2PwQtITLGCUaCN17L0KbusI3+Bjc8ODTkOmFBO9UccuOiVnAjxP3IwUUYZqx/5qdyOahCA05USpluvE2kuJ1IxyGBXaiYKY0AHpQctQQUJQXjpJMMKHRuniIJLmCI0n6u+NlIRKDUPfTIZE99WsNxb/81qJDi69lIk40SDo9KEg4dhkHteBu0wC1XxoCKGSmb9i2ieSUG1KK5gS3NnI86R+UnLPS2e3p8VyJasjj/bRATpCLrpAZXSNqqiGKHpEz+gVvVlP1ov1bn1MR3NWtrOL/sD6/AFHEpYv</latexit>

B ! K +missing

1508.04094

2303.08666

CHARM
Phys. Lett. B 157 (1985) 458–462

<latexit sha1_base64="8zB2XrD9ZcykvsAsnl8GQnUP5NQ="></latexit>

B/D ! K/⇡ + � (� ! ēe, µ̄µ, ��)

1303.7465 
 Camalich et al. 2002.04623

Shorter lifetime

RB, Burger, Feng, Shadmi 2412.15197
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Results - FNU models LHCb
<latexit sha1_base64="nQU+22MsL6LLROW7f+AwiPicn6A=">AAACCnicbVBLSwMxGMzWV62vVY9eokWoIGVXfB1LvQheKtgHdJeSTbNtaJJdkqxQlp69+Fe8eFDEq7/Am//GbLsHrQ4JDDPfRzITxIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3daKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQejq8xv3xOpaCTu9DgmPkcDQUOKkTZSz96vQ09H8AZ68ZBC7xjCSsYyzeOJOUc9u+xUnSngX+LmpAxyNHr2p9ePcMKJ0JghpbquE2s/RVJTzMik5CWKxAiP0IB0DRWIE+Wn0ygTeGiUPgwjaa7QcKr+3EgRV2rMAzPJkR6qeS8T//O6iQ4v/ZSKONFE4NlDYcKgCZr1AvtUEqzZ2BCEJTV/hXiIJMLatFcyJbjzkf+S1knVPa+e3Z6Wa/W8jiLYAwegAlxwAWrgGjRAE2DwAJ7AC3i1Hq1n6816n40WrHxnF/yC9fENzg2YeQ==</latexit>

B ! K� (� ! µµ)

NA62
<latexit sha1_base64="np298Q6SAp20uOphNggf2+obLoc=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBEqSJkRX8uiG8FNBfuAzlAyaaYNzWSGJCOU0g9w46+4caGIWz/AnX9jZjoLbT3khsO555Lc48ecKW3b39bC4tLyymphrbi+sbm1XdrZbaookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH16n/dYDlYpF4l6PYuqFuC9YwAjWRuqWyrfI1RFyY2ZqYK5jhCopy9QwMefIuOyqnQHNEycnZchR75a+3F5EkpAKTThWquPYsfbGWGpGOJ0U3UTRGJMh7tOOoQKHVHnjbJkJOjRKDwWRNCU0ytTfE2McKjUKfeMMsR6o2V4q/tfrJDq49MZMxImmgkwfChKOzKJpMqjHJCWajwzBRDLzV0QGWGKiTX5FE4Izu/I8aZ5UnfPq2d1puXaVx1GAfTiACjhwATW4gTo0gMAjPMMrvFlP1ov1bn1MrQtWPrMHf2B9/gCmn5mA</latexit>

K ! ⇡� (� ! µµ)

BaBar
<latexit sha1_base64="IWhl+E9ZiH7QrO5i0juPwY762YE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBKHMiK9lqRvBTQX7gHYomfROG5rJDElGLEPd+CtuXCji1r9w59+YtrPQ1gMhh3PuJTnHjzlT2nG+rdzC4tLySn61sLa+sbllb+/UVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvuNe5CKReJOD2PwQtITLGCUaCN17L0KbusI3+Bjc8ODTkOmFBO9UccuOiVnAjxP3IwUUYZqx/5qdyOahCA05USpluvE2kuJ1IxyGBXaiYKY0AHpQctQQUJQXjpJMMKHRuniIJLmCI0n6u+NlIRKDUPfTIZE99WsNxb/81qJDi69lIk40SDo9KEg4dhkHteBu0wC1XxoCKGSmb9i2ieSUG1KK5gS3NnI86R+UnLPS2e3p8VyJasjj/bRATpCLrpAZXSNqqiGKHpEz+gVvVlP1ov1bn1MR3NWtrOL/sD6/AFHEpYv</latexit>

B ! K +missing

1508.04094

2303.08666

CHARM
Phys. Lett. B 157 (1985) 458–462

<latexit sha1_base64="8zB2XrD9ZcykvsAsnl8GQnUP5NQ="></latexit>

B/D ! K/⇡ + � (� ! ēe, µ̄µ, ��)

1303.7465 
 Camalich et al. 2002.04623

Br[
]

ϕ → μμ → 0

Br[
]

ϕ → μμ → 0

RB, Burger, Feng, Shadmi 2412.15197
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Results - FNU models (gluonphillic) LHCb
<latexit sha1_base64="nQU+22MsL6LLROW7f+AwiPicn6A=">AAACCnicbVBLSwMxGMzWV62vVY9eokWoIGVXfB1LvQheKtgHdJeSTbNtaJJdkqxQlp69+Fe8eFDEq7/Am//GbLsHrQ4JDDPfRzITxIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3daKkokJk0csUh2AqQIo4I0NdWMdGJJEA8YaQejq8xv3xOpaCTu9DgmPkcDQUOKkTZSz96vQ09H8AZ68ZBC7xjCSsYyzeOJOUc9u+xUnSngX+LmpAxyNHr2p9ePcMKJ0JghpbquE2s/RVJTzMik5CWKxAiP0IB0DRWIE+Wn0ygTeGiUPgwjaa7QcKr+3EgRV2rMAzPJkR6qeS8T//O6iQ4v/ZSKONFE4NlDYcKgCZr1AvtUEqzZ2BCEJTV/hXiIJMLatFcyJbjzkf+S1knVPa+e3Z6Wa/W8jiLYAwegAlxwAWrgGjRAE2DwAJ7AC3i1Hq1n6816n40WrHxnF/yC9fENzg2YeQ==</latexit>

B ! K� (� ! µµ)

NA62
<latexit sha1_base64="np298Q6SAp20uOphNggf2+obLoc=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBEqSJkRX8uiG8FNBfuAzlAyaaYNzWSGJCOU0g9w46+4caGIWz/AnX9jZjoLbT3khsO555Lc48ecKW3b39bC4tLyymphrbi+sbm1XdrZbaookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH16n/dYDlYpF4l6PYuqFuC9YwAjWRuqWyrfI1RFyY2ZqYK5jhCopy9QwMefIuOyqnQHNEycnZchR75a+3F5EkpAKTThWquPYsfbGWGpGOJ0U3UTRGJMh7tOOoQKHVHnjbJkJOjRKDwWRNCU0ytTfE2McKjUKfeMMsR6o2V4q/tfrJDq49MZMxImmgkwfChKOzKJpMqjHJCWajwzBRDLzV0QGWGKiTX5FE4Izu/I8aZ5UnfPq2d1puXaVx1GAfTiACjhwATW4gTo0gMAjPMMrvFlP1ov1bn1MrQtWPrMHf2B9/gCmn5mA</latexit>

K ! ⇡� (� ! µµ)

BaBar
<latexit sha1_base64="IWhl+E9ZiH7QrO5i0juPwY762YE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARBKHMiK9lqRvBTQX7gHYomfROG5rJDElGLEPd+CtuXCji1r9w59+YtrPQ1gMhh3PuJTnHjzlT2nG+rdzC4tLySn61sLa+sbllb+/UVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvuNe5CKReJOD2PwQtITLGCUaCN17L0KbusI3+Bjc8ODTkOmFBO9UccuOiVnAjxP3IwUUYZqx/5qdyOahCA05USpluvE2kuJ1IxyGBXaiYKY0AHpQctQQUJQXjpJMMKHRuniIJLmCI0n6u+NlIRKDUPfTIZE99WsNxb/81qJDi69lIk40SDo9KEg4dhkHteBu0wC1XxoCKGSmb9i2ieSUG1KK5gS3NnI86R+UnLPS2e3p8VyJasjj/bRATpCLrpAZXSNqqiGKHpEz+gVvVlP1ov1bn1MR3NWtrOL/sD6/AFHEpYv</latexit>

B ! K +missing

1508.04094

2303.08666

CHARM
Phys. Lett. B 157 (1985) 458–462

<latexit sha1_base64="8zB2XrD9ZcykvsAsnl8GQnUP5NQ="></latexit>

B/D ! K/⇡ + � (� ! ēe, µ̄µ, ��)

1303.7465 
 Camalich et al. 2002.04623

Too short-lived

Br[
]

ϕ → μμ → 0

Br[
]

ϕ → μμ → 0

RB, Burger, Feng, Shadmi 2412.15197
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Disentangling Flavor violation
RB, Burger, Feng, Shadmi 2412.15197
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Disentangling Flavor violation
RB, Burger, Feng, Shadmi 2412.15197
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Disentangling Flavor violation

Comparable or 
 dominating 

D decays 
=


Clear indication of  
Non-MFV theory

RB, Burger, Feng, Shadmi 2412.15197

25



Disentangling Flavor violation

Comparable or 
 dominating 

D decays 
=


Clear indication of  
Non-MFV theory

Can D and B decay 
be disentangled? 

RB, Burger, Feng, Shadmi 2412.15197
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Disentangling Flavor violation

Proof of concept
FASER collaboration 

2412.03186

Neutrinos from pion decays
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Outline
1. Flavored scalar model


2. Phenomenology 


3. Experimental signals @ FASER


4.Model-independent approach


5. Conclusions
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Model-independent approach
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Model-independent approach

• The vast theoretical landscape translates to a broad 
spectrum of phenomenologies.
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Model-independent approach

• The vast theoretical landscape translates to a broad 
spectrum of phenomenologies.

• A model-independent approach is more effective 
when comparing different experiments.
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Model-independent approach

• The vast theoretical landscape translates to a broad 
spectrum of phenomenologies.

• A model-independent approach is more effective 
when comparing different experiments.

<latexit sha1_base64="jj5Uz1fXt9+tMtPODcQNoNm8XdU=">AAACLXicbVDLSsNAFJ3Ud31FXboZLKILKYn4WhZ14cKCgtVCEspkOrVDJw9mbsQS8kNu/BURXFTErb/hpEbU1gMDh3Pu5c45fiy4AssaGKWJyanpmdm58vzC4tKyubJ6raJEUtagkYhk0yeKCR6yBnAQrBlLRgJfsBu/d5L7N3dMKh6FV9CPmReQ25B3OCWgpZZ56qZBy427fMc911ttskPdzIUI/+hAkm/G7iE9lplTzyfqWziXPTdrmRWrag2Bx4ldkAoqcNEyn912RJOAhUAFUcqxrRi8lEjgVLCs7CaKxYT2yC1zNA1JwJSXDtNmeFMrbdyJpH4h4KH6eyMlgVL9wNeTAYGuGvVy8T/PSaBz5KU8jBNgIf061EkE1lnz6nCbS0ZB9DUhVHL9V0y7RBIKuuCyLsEejTxOrner9kF1/3KvUjsu6phF62gDbSMbHaIaOkMXqIEoekBPaIBejUfjxXgz3r9GS0axs4b+wPj4BBBPqKI=</latexit>

{m�,⇤, c} ! {m�, ⌧�,Br[M ! M 0�]}
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Model-independent approach
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Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

29



Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point
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Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

29



Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

Total yield of M meson

<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

29



Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

Total yield of M meson

Branching ratio
<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

29



Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

Total yield of M meson

Branching ratio
<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

Geometrical acceptance

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

29



Decay probability

Decay volume

Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

Total yield of M meson

Branching ratio
<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

Geometrical acceptance

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .
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Decay probability

Decay volume

Model-independent approach
<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �

Total yield of M meson

Branching ratio

Detection efficiency

<latexit sha1_base64="59t52PTnCkXd/dEb5+nWQXsVy6w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixchonlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK9+SW9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq2d3p5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BU7ONLw==</latexit>

M

<latexit sha1_base64="08RPYUI3LyZL77A3+b7bUY0CZYw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKr2PQixchonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8NKMY/ZD2Je9xRo2VHsjdcadYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnflp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8veRfn8/qxUuc7iyMMBHMIJeHAJFbiFKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPXk+NNg==</latexit>

M 0

<latexit sha1_base64="+iA735F8IicH/wr4EQv6NPT53YM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVea9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB0r2M9w==</latexit>

i

Detector

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

Prod.  
point

Geometrical acceptance

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

29



Model-independent approach

Total yield of M meson

Branching ratio

Geometrical acceptance

Decay probability

Detection efficiency

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

<latexit sha1_base64="ISISrBRBxnOsJeYpVoMxtQXhRAk="></latexit>

Pdecay(⌧�/m�) ⇡ exp(�L/dlab) [1� exp(��/dlab)]

Decay  
volume Detector

Prod.  
point

<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �
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Model-independent approach

Total yield of M meson

Branching ratio

Geometrical acceptance

Decay probability

Detection efficiency

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

<latexit sha1_base64="ISISrBRBxnOsJeYpVoMxtQXhRAk="></latexit>

Pdecay(⌧�/m�) ⇡ exp(�L/dlab) [1� exp(��/dlab)]

Decay  
volume Detector

Prod.  
point

<latexit sha1_base64="NiheK934NU1ljaMWmXIx6VCeFvk="></latexit>

dlab = hp�i
c⌧�
m�

<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �
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Model-independent approach

Total yield of M meson

Branching ratio

Geometrical acceptance

Decay probability

Detection efficiency

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

<latexit sha1_base64="ISISrBRBxnOsJeYpVoMxtQXhRAk="></latexit>

Pdecay(⌧�/m�) ⇡ exp(�L/dlab) [1� exp(��/dlab)]

<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L

Decay  
volume Detector

Prod.  
point

<latexit sha1_base64="NiheK934NU1ljaMWmXIx6VCeFvk="></latexit>

dlab = hp�i
c⌧�
m�

<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �
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Model-independent approach

Total yield of M meson

Branching ratio

Geometrical acceptance

Decay probability

Detection efficiency

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

<latexit sha1_base64="ISISrBRBxnOsJeYpVoMxtQXhRAk="></latexit>

Pdecay(⌧�/m�) ⇡ exp(�L/dlab) [1� exp(��/dlab)]

<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

Decay  
volume Detector

Prod.  
point

<latexit sha1_base64="NiheK934NU1ljaMWmXIx6VCeFvk="></latexit>

dlab = hp�i
c⌧�
m�

<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �
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Model-independent approach

Total yield of M meson

Branching ratio

Geometrical acceptance

Decay probability

Detection efficiency

<latexit sha1_base64="3HNQGkQLs8V2k9Kz2R3achPBanM="></latexit>

N� ⇠ NM · Br(M ! M 0 �) · A(m�) · Pdecay(⌧�/m�)
X

i2visible

Br(� ! i) · ✏i .

<latexit sha1_base64="ISISrBRBxnOsJeYpVoMxtQXhRAk="></latexit>

Pdecay(⌧�/m�) ⇡ exp(�L/dlab) [1� exp(��/dlab)]

<latexit sha1_base64="ZulQnuAxajCQqeGX0rA170utLio=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JBzOO0Q/pQPI+Z9RYqXbfLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqACd1CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGmyYza</latexit>

L
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

Decay  
volume Detector

Prod.  
point

<latexit sha1_base64="NiheK934NU1ljaMWmXIx6VCeFvk="></latexit>

dlab = hp�i
c⌧�
m�

<latexit sha1_base64="DII8PpcGyKx1s1R1CMYozOI5IdQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiupCSiC9wU3TjplDBPqAJZTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ6oFhDufcy733eDFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+vMb91TIVkU3qlRTN0A90PmM4KVlrrmDqoh5xI5Ksq+2gFyjpx4wLpm2apYE6C/xM5JGXLUu+an04tIEtBQEY6l7NhWrNwUC8UIp+OSk0gaYzLEfdrRNMQBlW462X+M9rXSQ34k9AsVmqg/O1IcSDkKPF0ZYDWQs14m/ud1EuVfuCkL40TRkEwH+QlH+tosDNRjghLFR5pgIpjeFZEBFpgoHVlJh2DPnvyXNI8r9lnl9PakXL3K4yjCLuzBIdhwDlW4gTo0gMADPMELvBqPxrPxZrxPSwtG3rMNv2B8fAMkx5Ok</latexit>

M ! M 0 �
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Model-independent approach

• Sensitivity peaks at

<latexit sha1_base64="T0JYQ/dpU3pkmkQO6kPY0Vk7Esk="></latexit>
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⇠ L
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Less momentum 
in rest frame
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Model-independent approach

• Sensitivity peaks at

<latexit sha1_base64="T0JYQ/dpU3pkmkQO6kPY0Vk7Esk="></latexit>

c⌧�
m�

⇠ L

hp�i
(for � ⌧ L)

Depends on the 
experiment

Particle physics

Less momentum 
in rest frame

More colinear  
with forward 

decaying particle

<latexit sha1_base64="lGDScg5/zFIxFBh+AMqEN5roCk8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgS8bUsdSO4qWAf0IQwmU7aoTPJMDMRS+zCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nFIwq7TjfVmFhcWl5pbhaWlvf2Nyyt3eaKkklJg2csES2Q6QIozFpaKoZaQtJEA8ZaYWDq7HfuidS0SS+00NBfI56MY0oRtpIgb3HA0/0KfSQEDJ5gDyoHfPgJrDLTsWZAM4TNydlkKMe2F9eN8EpJ7HGDCnVcR2h/QxJTTEjo5KXKiIQHqAe6RgaI06Un03uH8FDo3RhlEhTsYYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NLPaCxSTWI8XRSlDOoEjsOAXSoJ1mxoCMKSmlsh7iOJsDaRlUwI7uzL86R5UnHPK2e3p+VqLY+jCPbBATgCLrgAVXAN6qABMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AEVTZWC</latexit>m� ⇡ mB �mK
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Model-independent approach

• Sensitivity peaks at

<latexit sha1_base64="T0JYQ/dpU3pkmkQO6kPY0Vk7Esk="></latexit>

c⌧�
m�

⇠ L

hp�i
(for � ⌧ L)

Depends on the 
experiment

Particle physics

Less momentum 
in rest frame

More colinear  
with forward 

decaying particle

Improved geometrical 
acceptance

<latexit sha1_base64="lGDScg5/zFIxFBh+AMqEN5roCk8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgS8bUsdSO4qWAf0IQwmU7aoTPJMDMRS+zCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nFIwq7TjfVmFhcWl5pbhaWlvf2Nyyt3eaKkklJg2csES2Q6QIozFpaKoZaQtJEA8ZaYWDq7HfuidS0SS+00NBfI56MY0oRtpIgb3HA0/0KfSQEDJ5gDyoHfPgJrDLTsWZAM4TNydlkKMe2F9eN8EpJ7HGDCnVcR2h/QxJTTEjo5KXKiIQHqAe6RgaI06Un03uH8FDo3RhlEhTsYYT9fdEhrhSQx6aTo50X816Y/E/r5Pq6NLPaCxSTWI8XRSlDOoEjsOAXSoJ1mxoCMKSmlsh7iOJsDaRlUwI7uzL86R5UnHPK2e3p+VqLY+jCPbBATgCLrgAVXAN6qABMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AEVTZWC</latexit>m� ⇡ mB �mK
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Model-independent approach : B meson decays

<latexit sha1_base64="IYF8RDJY1Z5mauslFYUUIExqCdo="></latexit>

Br(M ! M 0�) ⇡ g2mM

32⇡�M

Also: Döbrich et  al. 1810.11336
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Br(M ! M 0�) ⇡ g2mM

32⇡�M

Also: Döbrich et  al. 1810.11336

Decaying particle 
 is less boosted 

Band width from  
varying the mass

32



Model-independent approach : D meson decays

<latexit sha1_base64="IYF8RDJY1Z5mauslFYUUIExqCdo="></latexit>

Br(M ! M 0�) ⇡ g2mM

32⇡�M

First  
model-independent 

calculation 
for D decays

CLEO

0806.2112 
 Camalich et al. 2002.04623

<latexit sha1_base64="qWkAcLbAMJ8Q0z8V+SIn/D71HF8=">AAACBnicbVDLSgMxFM34rPU16lKEYBGEQpkRX8uiLlxWsA/o1JJJ0zY0yQzJHbEMXbnxV9y4UMSt3+DOvzF9LLT1QOBwzr3cnBPGghvwvG9nbn5hcWk5s5JdXVvf2HS3tismSjRlZRqJSNdCYpjgipWBg2C1WDMiQ8GqYe9y6FfvmTY8UrfQj1lDko7ibU4JWKnp7l3d5XEAEQ5kYlk+APYAqeTGcNUZNN2cV/BGwLPEn5AcmqDUdL+CVkQTyRRQQYyp+14MjZRo4FSwQTZIDIsJ7ZEOq1uqiGSmkY5iDPCBVVq4HWn7FOCR+nsjJdKYvgztpCTQNdPeUPzPqyfQPm+kXMUJMEXHh9qJwDb2sBPc4ppREH1LCNXc/hXTLtGEgm0ua0vwpyPPkspRwT8tnNwc54oXkzoyaBfto0PkozNURNeohMqIokf0jF7Rm/PkvDjvzsd4dM6Z7OygP3A+fwARI5hI</latexit>

D+ ! µ+ +missing
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Outline
1. Flavored scalar model


2. Phenomenology 


3. Experimental signals @ FASER


4.Model-independent approach
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Summary and outlook
•Flavored scalar models are well-motivated and 
have a rich phenomenology beyond the MFV 
paradigm. 

•FASER/2 can probe unexplored parameter space of 
such models. 

•FASER/2 could potentially disentangle MFV from 
non-MFV scenarios, shedding light on the flavor 
puzzle. 

•Given the vast theoretical landscape, a model-
independent approach for experimental constraints 
is a useful way to compare sensitivities.

Still not to scale
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Higgs mixing
<latexit sha1_base64="g2ct+6XE3lN6vB4Zzn+BTi6jQkU="></latexit>

L✓
�f̄f =

�phys

p
2

h
("cuij + ✓Ŷ u

ij )ūiPRuj+("cdij + ✓Ŷ d
ij)d̄iPRdj+("c`ij + ✓Ŷ `

ij)¯̀iPR`j+h.c.
i

Transitions in the up sector dominate by dim. 5 operator:

<latexit sha1_base64="iH1+WELZZpRMPogEQounz5S+TeA="></latexit>

⇤ ⌧ 1014 GeV

✓
10�4

✓

◆
Max[cu12, c

u
21]

y2b

Transitions in the down sector dominate by dim. 5 operator:

<latexit sha1_base64="7s526C2BmygUhP+b+ErRjMB22ZQ="></latexit>

⇤ ⌧ 1010 GeV

✓
10�4

✓

◆
Max[cd23, c

d
32]

yb

Diagonal terms are dominated by dim. 5 operator:
<latexit sha1_base64="rEhKk32XmESuhPp7FrHNfgL59O8="></latexit>

⇤ ⌧ v/✓ ⇠ (105 GeV)(10�4/✓)
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