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No theory - no guideline?
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Goals for this talk
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Find a framework for flavor beyond the Standard Model.

Test it on data.

Deduce possible flavor structures.



The Standard Model of Flavor
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Gauge: L = g QL /W a⌧a QL + . . .
<latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="XWFLwDS5ZoCyf0fNi/lmPoBAY8A="></latexit><latexit sha1_base64="XWFLwDS5ZoCyf0fNi/lmPoBAY8A="></latexit><latexit sha1_base64="01P8S6WwSBZaNH4hlGlEBJsSLu0="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit>

U(3)Q ⇥ U(3)U ⇥ U(3)D ⇥ U(3)L ⇥ U(3)E
<latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="+wQiH2XNeDs/hZmrW+8g9EXb3ow="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit>

Yukawa: L = �(QYUU) eH � (QYDD)H + . . .
<latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="BW8HDf9Fg4DO+AdPnEf87tD2IIM="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit>
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Yukawa:

Gauge: L = g QL /W a⌧a QL + . . .
<latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="XWFLwDS5ZoCyf0fNi/lmPoBAY8A="></latexit><latexit sha1_base64="XWFLwDS5ZoCyf0fNi/lmPoBAY8A="></latexit><latexit sha1_base64="01P8S6WwSBZaNH4hlGlEBJsSLu0="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit><latexit sha1_base64="2WvAZKAUKn+H2wEIFM93yMPK+Xo="></latexit>

U(3)Q ⇥ U(3)U ⇥ U(3)D ⇥ U(3)L ⇥ U(3)E
<latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="cPO5QmQGaHUsMXzmgLJz8CZUd6I="></latexit><latexit sha1_base64="+wQiH2XNeDs/hZmrW+8g9EXb3ow="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit><latexit sha1_base64="N5ThD1j19Owf6Jca6M4B2JDSgj4="></latexit>

Q =

✓
uL

V dL

◆

<latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="bb8TIKcslMs3Ol50hWLh6qVZbBU="></latexit><latexit sha1_base64="bb8TIKcslMs3Ol50hWLh6qVZbBU="></latexit><latexit sha1_base64="01xBVSgGZx50HVJkzKoM+9pppYg="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit><latexit sha1_base64="ED7lB85p2LACDAQH+9K8j41vljc="></latexit>

YU =

0

@
yu

yc
yt

1

A

<latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="nttWtnWCdNvdDDwOCgYIMQASXro="></latexit><latexit sha1_base64="nttWtnWCdNvdDDwOCgYIMQASXro="></latexit><latexit sha1_base64="snmedKeRv4GNkgTEF6/xdxvra3I="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit><latexit sha1_base64="PxUCJn48zEWEsLSzpFtoFbri7cw="></latexit>

L = �(QYUU) eH � (QYDD)H + . . .
<latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="BW8HDf9Fg4DO+AdPnEf87tD2IIM="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit>

Flavor breaking: YD =

0

@
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A

<latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="r2DxlFBc8njAxvboDYQVErMWGwM="></latexit><latexit sha1_base64="r2DxlFBc8njAxvboDYQVErMWGwM="></latexit><latexit sha1_base64="701qKZwCVOT8ShrXO77d/MNsQaI="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit><latexit sha1_base64="I76xXKtk0Mme6YIBGN3lB6X60p0="></latexit>

CKM mixing:
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U(3)Q ⇥ U(3)U ⇥ U(3)D
<latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1KQs2NLYLoswleCv06ukOd/2xSo="></latexit><latexit sha1_base64="1KQs2NLYLoswleCv06ukOd/2xSo="></latexit><latexit sha1_base64="A52719hhLng5NXvw4iXDn5JXxrU="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit>

L = �(QYUU) eH � (QYDD)H + . . .
<latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="BW8HDf9Fg4DO+AdPnEf87tD2IIM="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit>

Yukawa:

„Restore“ flavor symmetry: YU : (3, 3, 1),
<latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="gpb3GwSHbItU1IBNsY02/DLQqxg="></latexit><latexit sha1_base64="gpb3GwSHbItU1IBNsY02/DLQqxg="></latexit><latexit sha1_base64="ITG2e/Sq13rNYHPXJRXGye8shzs="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit>

YD : (3, 1, 3)
<latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="pTxGNJ+RxnhQTab+cGSEG8cZZKg="></latexit><latexit sha1_base64="pTxGNJ+RxnhQTab+cGSEG8cZZKg="></latexit><latexit sha1_base64="z6rpH7HN6HOrcv/gfofJttdwCPE="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit>
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„Restore“ flavor symmetry:

U(3)Q ⇥ U(3)U ⇥ U(3)D
<latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1KQs2NLYLoswleCv06ukOd/2xSo="></latexit><latexit sha1_base64="1KQs2NLYLoswleCv06ukOd/2xSo="></latexit><latexit sha1_base64="A52719hhLng5NXvw4iXDn5JXxrU="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit><latexit sha1_base64="qyb/qUkYRDQzNyM0RFZBpzZQzW0="></latexit>

Yukawa:

New interaction:

CQ = a1+ b Y †
UYU + c Y †

DYD + . . .
<latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Hm+eVZmiXXHTa2v65vqaRY6t8y8="></latexit><latexit sha1_base64="Hm+eVZmiXXHTa2v65vqaRY6t8y8="></latexit><latexit sha1_base64="+Xa2W87qJNBtGTyOVxSVTEblh3k="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit><latexit sha1_base64="6Ka43zNAcSXzPWYjjwNir1MA84c="></latexit>

O = (QL�µQL)X
µ

<latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="iynHMW+MdSjLm5GIbWLQpqyfCIg="></latexit><latexit sha1_base64="iynHMW+MdSjLm5GIbWLQpqyfCIg="></latexit><latexit sha1_base64="dcTs5P6DW0xrXf8HXOLWpP5GuVs="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit><latexit sha1_base64="FTox9IA34b8eGpbkb0pCkyW8yu8="></latexit>

Minimal assumption: no new sources of flavor breaking.

YU : (3, 3, 1),
<latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="gpb3GwSHbItU1IBNsY02/DLQqxg="></latexit><latexit sha1_base64="gpb3GwSHbItU1IBNsY02/DLQqxg="></latexit><latexit sha1_base64="ITG2e/Sq13rNYHPXJRXGye8shzs="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit><latexit sha1_base64="LQcMAf7iBC4ffoSvjZ9M4PGrQk8="></latexit>

YD : (3, 1, 3)
<latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="pTxGNJ+RxnhQTab+cGSEG8cZZKg="></latexit><latexit sha1_base64="pTxGNJ+RxnhQTab+cGSEG8cZZKg="></latexit><latexit sha1_base64="z6rpH7HN6HOrcv/gfofJttdwCPE="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit><latexit sha1_base64="KSI426K8ihUZn+ZG77VLh2cA+Ow="></latexit>

L = �(QYUU) eH � (QYDD)H + . . .
<latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="eyYHDnci58X63WEv4QQyms/B1po="></latexit><latexit sha1_base64="BW8HDf9Fg4DO+AdPnEf87tD2IIM="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit><latexit sha1_base64="FHzHm0EvcA2cVQMRUHOmuyPy4xk="></latexit>

(3⇥ 3, 1, 1)
<latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="4PDJuWiZfzqbEtkmY0lgQ32OulI="></latexit><latexit sha1_base64="4PDJuWiZfzqbEtkmY0lgQ32OulI="></latexit><latexit sha1_base64="A7EcazTUSNfnrHRJSpWlhTFumcc="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit><latexit sha1_base64="uHxD2ckzntleBRdQZJWTZIFhCmk="></latexit>
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O
(1)
qq = (Q�µQ)(Q�

µ
Q)

<latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="ZLgewyGZ7rjepQJdrrU8AQ3XCEo="></latexit><latexit sha1_base64="ZLgewyGZ7rjepQJdrrU8AQ3XCEo="></latexit><latexit sha1_base64="e4c4h28Gcut4LkEJMJ+TV0tpjbQ="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit>

O
(3)
qq = (Q�µ⌧

a
Q)(Q�

µ
⌧
a
Q)

<latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="oSrQm4vctaauQ9FL6mDmGx7w6fE="></latexit><latexit sha1_base64="oSrQm4vctaauQ9FL6mDmGx7w6fE="></latexit><latexit sha1_base64="huA0onesDGrJRyCnRtJX4Z0n19Q="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit>

L = LSM +
X

i

Ci

⇤�i
Oi

<latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="yl6xT08LL60an0oEvi2bGdYwJcM="></latexit><latexit sha1_base64="yl6xT08LL60an0oEvi2bGdYwJcM="></latexit><latexit sha1_base64="xp/iQOT8H6lOOiwLjXPiuP7GQtk="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit>

weak singlet:

weak triplet:
d

t

u

b

u

u

t

t
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O(1)
�q = (H†

 !
iDµH)(Q�µQ)

<latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="35vTxE1t/wygV5Lp2vAZt0KFV28="></latexit><latexit sha1_base64="35vTxE1t/wygV5Lp2vAZt0KFV28="></latexit><latexit sha1_base64="gpUSED8Ln1U5JoLHEFugJeaWHSY="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit><latexit sha1_base64="rHXhVX00PagdFaK3D+ELe8B9Yl0="></latexit>

L = LSM +
X

i

Ci

⇤�i
Oi

<latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="yl6xT08LL60an0oEvi2bGdYwJcM="></latexit><latexit sha1_base64="yl6xT08LL60an0oEvi2bGdYwJcM="></latexit><latexit sha1_base64="xp/iQOT8H6lOOiwLjXPiuP7GQtk="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit><latexit sha1_base64="1y4SBoTIvgbzez3Ua4OTA2AkY2U="></latexit>

mix into:

O(3)
�q = (H†

 !
iDµ ⌧aH)(Q�µ⌧

aQ)
<latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="HLPEX632oes242Y+jwW91b7Xsl8="></latexit><latexit sha1_base64="HLPEX632oes242Y+jwW91b7Xsl8="></latexit><latexit sha1_base64="i5b2mBmR4F955JH/E3smZe3VTtE="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit><latexit sha1_base64="gL0jAEtQTmDMlJwUw+6DdhlnTVI="></latexit>

b

t

W s

t

X

(a)

b

b, s

Z s

b, s
X

(b)

b s

t t

�⇤, Z⇤

(c)

b

t

s

t

�⇤, Z⇤

(d)

Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,

– 16 –

Z
<latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mSPD2A2fSR/yQjpgzABzBVD1lvs="></latexit><latexit sha1_base64="mSPD2A2fSR/yQjpgzABzBVD1lvs="></latexit><latexit sha1_base64="LLeqGlezqGvJ/9XyP70P7TjdWeo="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit><latexit sha1_base64="hfP08xmDQGOGibTkjykYvXy/S9Q="></latexit>

q q

Alonso, Jenkins, Manohar, Trott 2013

O
(1)
qq = (Q�µQ)(Q�

µ
Q)

<latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="ZLgewyGZ7rjepQJdrrU8AQ3XCEo="></latexit><latexit sha1_base64="ZLgewyGZ7rjepQJdrrU8AQ3XCEo="></latexit><latexit sha1_base64="e4c4h28Gcut4LkEJMJ+TV0tpjbQ="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit><latexit sha1_base64="V8hFVWn/GH1lqHybmrQ0qIwggSI="></latexit>

O
(3)
qq = (Q�µ⌧

a
Q)(Q�

µ
⌧
a
Q)

<latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="oSrQm4vctaauQ9FL6mDmGx7w6fE="></latexit><latexit sha1_base64="oSrQm4vctaauQ9FL6mDmGx7w6fE="></latexit><latexit sha1_base64="huA0onesDGrJRyCnRtJX4Z0n19Q="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit><latexit sha1_base64="t/uB/PzNRgP9i5W1HA+xVtH9XAc="></latexit>

weak singlet:

weak triplet:
d

t

u

b

u

u

t

t
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(Cqq)jiij = (faa)
<latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="ZBV/BT0qN92e77oq2lbxc5AlJRg="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit>

(Cqq)jjii = (aa)
<latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="sRjwmYinWEw07jqsGFDoNjei4bI="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit>

light-light:

⇥
(CQ)jk(CQ)il + ( eCQ)jl( eCQ)ki

⇤
(Q

j
�µ Qk)(Q

i
�µ Q

l)
<latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="tyMkALgSwWX+FmWt+TgV0S7dogM="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit>

* Wilson coefficients defined in up mass basis.

*
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(Cqq)jiij = (faa)
<latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="ZBV/BT0qN92e77oq2lbxc5AlJRg="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit>

(Cqq)jjii = (aa)
<latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="sRjwmYinWEw07jqsGFDoNjei4bI="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit>

(Cqq)33ii = (aa) + (ba) y2t
<latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="MM4fbddmqVJ7lfxz0+PqoiB7tqk="></latexit><latexit sha1_base64="MM4fbddmqVJ7lfxz0+PqoiB7tqk="></latexit><latexit sha1_base64="hVBJiyfqifff+ge+Y1NuZnk4QTw="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit>

(Cqq)3ii3 = (faa) + ( eba) y2t
<latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="5U6tB/NfM2B0Yeya/rycipGJ6d0="></latexit><latexit sha1_base64="5U6tB/NfM2B0Yeya/rycipGJ6d0="></latexit><latexit sha1_base64="y8bQMScXhciab+qvsQUUryAJYPI="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit>

heavy-light:

u

u

t

t

light-light:

⇥
(CQ)jk(CQ)il + ( eCQ)jl( eCQ)ki

⇤
(Q

j
�µ Qk)(Q

i
�µ Q

l)
<latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="tyMkALgSwWX+FmWt+TgV0S7dogM="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit>
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(Cqq)jiij = (faa)
<latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="melWlRde6SYfQt1wCniIx6TIHdM="></latexit><latexit sha1_base64="ZBV/BT0qN92e77oq2lbxc5AlJRg="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit><latexit sha1_base64="mZXrI9spjjF+2N37jTZVC3Dzywc="></latexit>

(Cqq)jjii = (aa)
<latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="1nRnyWs99j3joMaAyeUum3yQ6nI="></latexit><latexit sha1_base64="sRjwmYinWEw07jqsGFDoNjei4bI="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit><latexit sha1_base64="H0twezjBJIQPhKJrzZ6kGvlqGX8="></latexit>

(Cqq)33ii = (aa) + (ba) y2t
<latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="MM4fbddmqVJ7lfxz0+PqoiB7tqk="></latexit><latexit sha1_base64="MM4fbddmqVJ7lfxz0+PqoiB7tqk="></latexit><latexit sha1_base64="hVBJiyfqifff+ge+Y1NuZnk4QTw="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit><latexit sha1_base64="w3vT31cMNgofE0awr1ZLyLP0MKA="></latexit>

(Cqq)3ii3 = (faa) + ( eba) y2t
<latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="5U6tB/NfM2B0Yeya/rycipGJ6d0="></latexit><latexit sha1_base64="5U6tB/NfM2B0Yeya/rycipGJ6d0="></latexit><latexit sha1_base64="y8bQMScXhciab+qvsQUUryAJYPI="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit><latexit sha1_base64="P7C+wmYOmliuok7s0J1aW4gN4Lk="></latexit>

heavy-light:

(Cqq)3333 = (aa) + (faa) + 2
�
(ba) + ( eba)

�
y2t +

�
(bb) + (ebb)

�
y4t

<latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="pKTvO8PJFE5h7hPq5V0gG3N/jeQ="></latexit><latexit sha1_base64="pKTvO8PJFE5h7hPq5V0gG3N/jeQ="></latexit><latexit sha1_base64="cX7CSQdZIMBmE7YlzUV71rtPw6U="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit><latexit sha1_base64="9OSIKRK0Wpq1pbdGwUJEvI3dFDI="></latexit>

heavy-heavy:

(C�q)kk = a+ b y2t �k3
<latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="aKcdI3aWvwstWhpB/iekVKX7w6A="></latexit><latexit sha1_base64="aKcdI3aWvwstWhpB/iekVKX7w6A="></latexit><latexit sha1_base64="VJDQ4q4yKQU5eAUptmYOnwH8ZEY="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit><latexit sha1_base64="WgkWljmA7ijwQa0dvtj9my/Kyo4="></latexit>

two quarks:

⇥
(CQ)jk(CQ)il + ( eCQ)jl( eCQ)ki

⇤
(Q

j
�µ Qk)(Q

i
�µ Q

l)
<latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="NZcf5AJicj74XV76SjiL2Q0CsA0="></latexit><latexit sha1_base64="tyMkALgSwWX+FmWt+TgV0S7dogM="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit><latexit sha1_base64="C90avBpNd7qHlFAroLVYLTctcwI="></latexit>

light-light:

t

t

t

t
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heavy-light
(ba), ( eba)

<latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="e5G3v2BE6VdpGf6npVlQcPrYhe0="></latexit><latexit sha1_base64="e5G3v2BE6VdpGf6npVlQcPrYhe0="></latexit><latexit sha1_base64="sgBuuQKV+1c2iuKQUQ4AopSS/IQ="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit>

heavy-heavy
(bb), (ebb)

<latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mrEWN2FN6WXBeQuE4RqeAU0FX3Y="></latexit><latexit sha1_base64="mrEWN2FN6WXBeQuE4RqeAU0FX3Y="></latexit><latexit sha1_base64="QgDPyqE3fxUXr9PGMC5mJO55Gx4="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit>

light-light
(aa), (faa)

<latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="CU+70jb58yTHmA6p2Z7YVBXewzw="></latexit><latexit sha1_base64="CU+70jb58yTHmA6p2Z7YVBXewzw="></latexit><latexit sha1_base64="LkiLeIzOWWUPz2axygnQ4pxhsxo="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit>

QCD: dijets top-antitop, single-top

j

j

p

p

t

t

p

p

t

t

b
b

p

p

ttbb, tttt
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QCD: dijets top-antitop, single-top ttbb, tttt

j

j

p

p

t

t

p

p

t

t

b
b

p

p

s

b

b

s

meson mixingrare meson decays
s

t

b

t

�, Z
<latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="/bGEDGbkEhUjV5+pAiogV6ljJHs="></latexit><latexit sha1_base64="/bGEDGbkEhUjV5+pAiogV6ljJHs="></latexit><latexit sha1_base64="vGUxoSLfppfCW7Yy3UGiehsFBPI="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit><latexit sha1_base64="9L+pTfKs7MznRH25mBghcUUyGpM="></latexit>

(ba), ( eba)
<latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="e5G3v2BE6VdpGf6npVlQcPrYhe0="></latexit><latexit sha1_base64="e5G3v2BE6VdpGf6npVlQcPrYhe0="></latexit><latexit sha1_base64="sgBuuQKV+1c2iuKQUQ4AopSS/IQ="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit><latexit sha1_base64="X/Rt3v4vRnXkM9opQ+A/EO7ZrOg="></latexit>

heavy-light heavy-heavy
(bb), (ebb)

<latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mrEWN2FN6WXBeQuE4RqeAU0FX3Y="></latexit><latexit sha1_base64="mrEWN2FN6WXBeQuE4RqeAU0FX3Y="></latexit><latexit sha1_base64="QgDPyqE3fxUXr9PGMC5mJO55Gx4="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit><latexit sha1_base64="qNcseHUJU+Mllhc7so9xgPgOnoA="></latexit>

light-light
(aa), (faa)

<latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="CU+70jb58yTHmA6p2Z7YVBXewzw="></latexit><latexit sha1_base64="CU+70jb58yTHmA6p2Z7YVBXewzw="></latexit><latexit sha1_base64="LkiLeIzOWWUPz2axygnQ4pxhsxo="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit><latexit sha1_base64="VC8tHUNzW6qYzdTSHoJJH1BRgBc="></latexit>
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The flavor collider connection

LSMEFT = LSM +
X

i

Ci

⇤2
Oi + . . .

<latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="+BYrlxDwaSsEL4ilh+LQHoC8bG8="></latexit><latexit sha1_base64="+BYrlxDwaSsEL4ilh+LQHoC8bG8="></latexit><latexit sha1_base64="yMtPlPYTcERfyuteSzmttW/nRD4="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit><latexit sha1_base64="ZYiJLOk28SJIUvWrl4SgCz5DVig="></latexit>

LWET = LQCD + LQED +
X

a

CaOa + . . .
<latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="aZa5EzXcY3byHDvetppoHLPOAjg="></latexit><latexit sha1_base64="aZa5EzXcY3byHDvetppoHLPOAjg="></latexit><latexit sha1_base64="1a1dN4/AyrXqDFIsG6Kk9G4GsyY="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit><latexit sha1_base64="fUNqRI60ojU7H/VSg+QAyYe6ttw="></latexit>

1 GeV

100 GeV

⇤
<latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="uirqkvsMDIE05YXtheL+cnqKXds="></latexit><latexit sha1_base64="uirqkvsMDIE05YXtheL+cnqKXds="></latexit><latexit sha1_base64="Zor6Mqjo3D9nQx2oajMKtj6C9H0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit><latexit sha1_base64="8fQ5aMpceKhM5JUYmrTY1BtOtc0="></latexit>

flavor-sensitive

Aebischer et al. 2015 & 2017; Dekens et al. 2017 & 2019; Hurth et al. 2019

flavor-sensitive

Ca(mb) = F (Ci(mt))
<latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="1/vY8b5QSmuc1w575D3W3EFz8MM="></latexit><latexit sha1_base64="1/vY8b5QSmuc1w575D3W3EFz8MM="></latexit><latexit sha1_base64="b3lTSWX2iC9uSgcZd5XD6zKKX0g="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit><latexit sha1_base64="aG7uVD1aKsUr28zpcJKkgEth7zM="></latexit>

Ci(⇤) = F (gk,mk)
<latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="mhg1t2n/wkBgczr8kVJQGkmPwRs="></latexit><latexit sha1_base64="mhg1t2n/wkBgczr8kVJQGkmPwRs="></latexit><latexit sha1_base64="dZSI6GXfnQc9geKq1wauFAHOh28="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit><latexit sha1_base64="2GfRXgelsIb9uq7afyB7IRBEuhc="></latexit>



Resolving the flavor structure
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n
(aa)(w)

qq , (faa)(w)
qq , (ba)(w)

qq , ( eba)(w)
qq , (bb)(w)

qq +(ebb)(w)
qq , a(w)

�q , b(w)
�q

o
+ ⌫

<latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="/64XboyPLntxjOCQGNsyOk/CECg="></latexit><latexit sha1_base64="/64XboyPLntxjOCQGNsyOk/CECg="></latexit><latexit sha1_base64="QHNhVLV3I05LH7scdQ8mORx/6Lw="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit><latexit sha1_base64="xwOTC4JapJE5BEGOeyd8MHBhe14="></latexit>

15 fit parameters:

data:

top: global fit

ttbb

�Ms
<latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="2VWISvw6WZFUmzHyXEoi/149EDc="></latexit><latexit sha1_base64="2VWISvw6WZFUmzHyXEoi/149EDc="></latexit><latexit sha1_base64="PAgV3WeXBQ8SX4xLHjJZ4uuogQQ="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit><latexit sha1_base64="WMTsISALT8pRW8IG1dwnDnxMILo="></latexit>

: cross section

meson mixing:

B(Bs ! µ+µ�)
<latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="jVGJZ0gMZ0zINs1RSRaZsCBIWIQ="></latexit><latexit sha1_base64="jVGJZ0gMZ0zINs1RSRaZsCBIWIQ="></latexit><latexit sha1_base64="9Urb5SSdbF+CazfYgXLKykYuB1Q="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit><latexit sha1_base64="H6H9xJw0ZYz9cUt+WnYBwBtr+vc="></latexit>

dijets: angular correlations CMS 1803.08030

Brivio et al. 2019

Bruggisser et al. 2021

CMS 2003.06467

tools: SFitter (fit), wilson (RGE, matching)

ALL FIT RESULTS PRELIMINARY



Light-light: dijets
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u

u

u

u

(aa)(+)
qq + (faa)(+)

qq
<latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="F4MyDF3SlYdGpX/4w4SXogEUFt0="></latexit><latexit sha1_base64="F4MyDF3SlYdGpX/4w4SXogEUFt0="></latexit><latexit sha1_base64="+wLil7eaEtsul/0D6uf44RHtyRA="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit>

u

d

u

d

(aa)(�)
qq + (faa)(�)

qq
<latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="4pgVt7gjhvVofnqzf1qdAWlKn74="></latexit><latexit sha1_base64="4pgVt7gjhvVofnqzf1qdAWlKn74="></latexit><latexit sha1_base64="2Dx9VTHc7Xr7/OBa3yc4mUtsE30="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit>

gauge structure
C(�) = C(1) � C(3)

<latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="IUbD2r5MxxM3rFwG/ZixJqz/NBQ="></latexit><latexit sha1_base64="IUbD2r5MxxM3rFwG/ZixJqz/NBQ="></latexit><latexit sha1_base64="Xfak1dmrkR0J0c0jwXfNXNDKU0M="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit><latexit sha1_base64="VgH2HKKDJAw8VCvAfN3saTbIJJA="></latexit>

C(+) = C(1) + C(3)
<latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="uBB/B7foEMd9r8/2r2zzul87XTY="></latexit><latexit sha1_base64="uBB/B7foEMd9r8/2r2zzul87XTY="></latexit><latexit sha1_base64="pZQF1sWPl3XP6i+nmMtwncGr8/E="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit><latexit sha1_base64="ACoL7gTC2554QRh47RwUE7sigbg="></latexit>

u-u current:
d-d current:
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u

u

u

u

(aa)(+)
qq + (faa)(+)

qq
<latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="F4MyDF3SlYdGpX/4w4SXogEUFt0="></latexit><latexit sha1_base64="F4MyDF3SlYdGpX/4w4SXogEUFt0="></latexit><latexit sha1_base64="+wLil7eaEtsul/0D6uf44RHtyRA="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit><latexit sha1_base64="eNe/ySQAffGoNr4XfqaXaV0sKBo="></latexit>

u

d

u

d

(aa)(�)
qq + (faa)(�)

qq
<latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="4pgVt7gjhvVofnqzf1qdAWlKn74="></latexit><latexit sha1_base64="4pgVt7gjhvVofnqzf1qdAWlKn74="></latexit><latexit sha1_base64="2Dx9VTHc7Xr7/OBa3yc4mUtsE30="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit><latexit sha1_base64="4TuCt7LqmwUi086xK2dwZ2JBqII="></latexit>

u,c

u,c

u

u

2(aa)(+)
qq + (faa)(+)

qq
<latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="djfmMoa6oU+9zE52bl9ycMaQTXc="></latexit><latexit sha1_base64="djfmMoa6oU+9zE52bl9ycMaQTXc="></latexit><latexit sha1_base64="1uSmLaihDDQcKFek36Wm6j6SESE="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit><latexit sha1_base64="U/kg5CuA/9LWHv792UFNtA2wB/8="></latexit>

d,s,b

d,s,b

u

u

3(aa)(�)
qq + (ba)(�)

qq + (faa)(�)
qq

<latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="n2XBn0ohYEppOmBGQ/z4XAQWHQI="></latexit><latexit sha1_base64="n2XBn0ohYEppOmBGQ/z4XAQWHQI="></latexit><latexit sha1_base64="pLL9XcZOk8NbLpuuHhp2mc2HHrw="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit><latexit sha1_base64="sjG/6ji84ebvjvp1xc8ABbdvJ4E="></latexit>

(aa)(+)
qq , (faa)(+)

qq , (aa)(�)
qq , (faa)(�)

qq
<latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="N5sH6ArOP25mRB611rO5isbjmr4="></latexit><latexit sha1_base64="N5sH6ArOP25mRB611rO5isbjmr4="></latexit><latexit sha1_base64="1VI4bCenvS73DOgFt8NMgJPL0Ws="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit>
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�jj = exp(|y1 � y2|)
<latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="VQK+3sqKOI0houfy09zNePzrf8M="></latexit><latexit sha1_base64="VQK+3sqKOI0houfy09zNePzrf8M="></latexit><latexit sha1_base64="I75YzILZL58AaBstNkdQiUlGJIs="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit>

QCD:

4-quark interaction:

p

p

j

j

p

p

j

j

Rutherford scattering: d�

d�jj

�!1�! const.
<latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="3vfQLe79ulk2y7vc71fcLkbCelc="></latexit><latexit sha1_base64="3vfQLe79ulk2y7vc71fcLkbCelc="></latexit><latexit sha1_base64="ew9DtW8QFfNG2R0lIWF3Fl5BomU="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit><latexit sha1_base64="3U6vPO0NSb+TwE7bLfUpBhEPah4="></latexit>
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�jj = exp(|y1 � y2|)
<latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="VQK+3sqKOI0houfy09zNePzrf8M="></latexit><latexit sha1_base64="VQK+3sqKOI0houfy09zNePzrf8M="></latexit><latexit sha1_base64="I75YzILZL58AaBstNkdQiUlGJIs="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit><latexit sha1_base64="4lIOqUP2vU2OWxfPWuoDyO17wSk="></latexit>

2 4 6 8 10 12 14 16
¬jj

0.06

0.08

0.10

0.12

1 æ
d
æ

d
¬

jj

SM

(aa)(1)
qq = 0.2

(aa)(1)
qq = °0.2

Mjj 2 [2.4, 3] TeV
<latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="z8W85s7KP4aEEOuagM7lyfO9w4A="></latexit><latexit sha1_base64="z8W85s7KP4aEEOuagM7lyfO9w4A="></latexit><latexit sha1_base64="Eo7CuqY5lW9OYpZEnJXGIrHyuoQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit>
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resolve (aa)(+)
qq , (faa)(+)

qq , (aa)(�)
qq , (faa)(�)

qq
<latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="N5sH6ArOP25mRB611rO5isbjmr4="></latexit><latexit sha1_base64="N5sH6ArOP25mRB611rO5isbjmr4="></latexit><latexit sha1_base64="1VI4bCenvS73DOgFt8NMgJPL0Ws="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit><latexit sha1_base64="jvnqOdp6rCNPGRTwSe4VGfZnJps="></latexit>

°0.4 °0.2 0.0 0.2 0.4

(aa)(3)
qq

°1.0

°0.5

0.0

0.5

1.0

( a
a)

(1
)

qq

data: CMS 1803.08030, Mjj 2 [2.4, 3] TeV
<latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="z8W85s7KP4aEEOuagM7lyfO9w4A="></latexit><latexit sha1_base64="z8W85s7KP4aEEOuagM7lyfO9w4A="></latexit><latexit sha1_base64="Eo7CuqY5lW9OYpZEnJXGIrHyuoQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit><latexit sha1_base64="eAVOSDgqUMb75QDMlN+OgjSB0BQ="></latexit>

°0.4 °0.2 0.0 0.2 0.4

(faa)(3)
qq

°0.4

°0.2

0.0

0.2

0.4

( a
a)

(3
)

qq

qq
<latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NEpTRDzR+wKoRYwluwQ/KjClIZ4="></latexit><latexit sha1_base64="NEpTRDzR+wKoRYwluwQ/KjClIZ4="></latexit><latexit sha1_base64="oMANZi37yXQISA4E4wOuj9+tEXs="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit><latexit sha1_base64="vh7MsWLE33j5/arn2IK2InrwxuY="></latexit>

qq̄
<latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Tv7vp3PKiDOquzL+UzV/P067gs8="></latexit><latexit sha1_base64="Tv7vp3PKiDOquzL+UzV/P067gs8="></latexit><latexit sha1_base64="OTafAioZbnnjUB6KjYYKYOFlrPo="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit><latexit sha1_base64="3qLBT9io0HDp9ejRi5GC0rWDK7g="></latexit>
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d

t

u

b

single-top:

(aa)(3)qq + (ba)(3)qq
<latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="799sUmn39mS0nynXE3iinjHQ7R0="></latexit><latexit sha1_base64="799sUmn39mS0nynXE3iinjHQ7R0="></latexit><latexit sha1_base64="TLvX3o56xe5NH49CfzVWry19apQ="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit><latexit sha1_base64="G2X9FHRdeRdNVlUwUM5XnDOT4f4="></latexit>

color singlet color octet

u

u

t

t

(aa)(�)
qq + (ba)(�)

qq , (faa)(�)
qq + ( eba)(�)

qq
<latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="vv66WjznM98xaPryXzE6rlJFwsU="></latexit><latexit sha1_base64="vv66WjznM98xaPryXzE6rlJFwsU="></latexit><latexit sha1_base64="VWrlHi6HofaP/X+SH9bqph9DJ9w="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit><latexit sha1_base64="Rn8gikaR407NoaNBZHbrSaZTuhg="></latexit>

(aa)(+)
qq + (ba)(+)

qq , (faa)(+)
qq + ( eba)(+)

qq
<latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="Y5q0Bc3WNbwNKQ4L80SGzyYKoQc="></latexit><latexit sha1_base64="Y5q0Bc3WNbwNKQ4L80SGzyYKoQc="></latexit><latexit sha1_base64="oHpCLxN7pp4ykpIhosF1arrqLqU="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit><latexit sha1_base64="n05qMl1wdIPWicT4zVPQBxC16Lc="></latexit>

d

d

t

t

top-antitop:

Heavy-light: tops
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°1.5°1.0°0.5 0.0 0.5 1.0 1.5

(aa)(3)
qq ° (ba)(3)

qq

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

( a
a)

(3
)

qq
+

( b
a)

(3
)

qq

top

dijets

all
no dijets
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(bb)(�)
qq + (ebb)(�)

qq
<latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="ReAWvKO6aRHKdL5VlBMVuuz6VWM="></latexit><latexit sha1_base64="ReAWvKO6aRHKdL5VlBMVuuz6VWM="></latexit><latexit sha1_base64="K3it2w1z9MGNHBqpMt57hXi+1ew="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit>

t

t

b

b

g

g
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(bb)(�)
qq + (ebb)(�)

qq
<latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="ReAWvKO6aRHKdL5VlBMVuuz6VWM="></latexit><latexit sha1_base64="ReAWvKO6aRHKdL5VlBMVuuz6VWM="></latexit><latexit sha1_base64="K3it2w1z9MGNHBqpMt57hXi+1ew="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit><latexit sha1_base64="WR/bMj5WkOPutCyrB7Jxp6oKP2I="></latexit>

t

t

b

b

g

g

total cross section: CMS 2003.06467�tt̄bb̄ = 2.9± 0.1± 0.5 pb
<latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="RUdViprFf1tMB7qtboTwsLXzt4Y="></latexit><latexit sha1_base64="RUdViprFf1tMB7qtboTwsLXzt4Y="></latexit><latexit sha1_base64="rWu9pmXgfdZFYSerIJ+wEobmAHc="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit><latexit sha1_base64="C4RsPaL+DjQMK1foKIbmO8cCFM4="></latexit>
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No theory: form data-driven flavor hypothesis.

LHC + flavor observables: resolve flavor space.

Viable structures: test in full models.

Thank you!
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,
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uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,

– 16 –

b

t

W s

t

X

(a)

b

b, s

Z s

b, s
X

(b)

b s

t t

�⇤, Z⇤

(c)

b

t

s

t

�⇤, Z⇤

(d)

Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,

– 16 –

b

t

W s

t

X

(a)

b

b, s

Z s

b, s
X

(b)

b s

t t

�⇤, Z⇤

(c)

b

t

s

t

�⇤, Z⇤

(d)

Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)
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The various contributions of C(1)
�q and C(3)
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�q + C(3),kk
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�q + C(3)
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The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are
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�q + C(3),kk
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tW loop : C(1),33
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Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as

uLūLZ : C(1)
�q � C(3)

�q , dLd̄LZ : C(1)
�q + C(3)

�q , qLq̄
0
LW : C(3)

�q . (3.10)

The various contributions of C(1)
�q and C(3)

�q to C9 and C10 are

tree level : C(1),kk
�q + C(3),kk

�q (3.11)

tW loop : C(1),33
�q � C(3),33

�q , C(3),3k
�q

bZ, sZ loop : C(1),kk
�q + C(3),kk

�q ,

– 16 –

Z⇤
<latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="ae1B3hnReDKnjoAgU7IbZ0qWsoM="></latexit><latexit sha1_base64="ae1B3hnReDKnjoAgU7IbZ0qWsoM="></latexit><latexit sha1_base64="gYCyfEI6sLRYdQ1cSgHyaSltMa8="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit><latexit sha1_base64="O4ewItbPmSIPhXn1qhHruZQzKdA="></latexit>

b
<latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="NnLcrY5AJ3C11KhsAqdcGQ9Jx+Y="></latexit><latexit sha1_base64="hmIgX6mtv52ne+FcYbUi50dSQ8I="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit><latexit sha1_base64="fmrmv1n6qjEztZSGcXSpOdLX1Ho="></latexit>

s
<latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="0K3pH0pZHA1XvaN3C2qi6UDNHOc="></latexit><latexit sha1_base64="0K3pH0pZHA1XvaN3C2qi6UDNHOc="></latexit><latexit sha1_base64="z5itrQmFAibljgqP0ZUfYCMKrhA="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit><latexit sha1_base64="pyk1WxPZS6rUSilk/qM96jPEZ5w="></latexit>

Bruggisser, Schäfer, van Dyk, Westhoff 2021

X
(C(1),kk

�q + C(3),kk
�q )Vk3V

⇤
k2 ⇠ b(+)

�q
<latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="aZuWDR3ShLqHSoc0LE8n5Rdl88g="></latexit><latexit sha1_base64="aZuWDR3ShLqHSoc0LE8n5Rdl88g="></latexit><latexit sha1_base64="21TWMnxXDlBcI9tpMP4tYSXjXUQ="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit><latexit sha1_base64="58dUOWBUxSfTrjtLQDEy+Hoj4bc="></latexit>

B(Bs ! µ+µ�)⇥ 109 = 3.57� 41.0 b(+)
�q + 117.8 (b(+)

�q )2
<latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="TR7IgD2E1spMJiWhsKPFk1n5Oec="></latexit><latexit sha1_base64="TR7IgD2E1spMJiWhsKPFk1n5Oec="></latexit><latexit sha1_base64="zw16+c6eT+0j9lmiu0T/JyXc8a0="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit><latexit sha1_base64="z18YY+pwDLzIKfFGrwP/futpkzI="></latexit>

tree level:

loop level:

O10 = (s̄�µPLb)(µ̄�
µ�5µ)

<latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="hvhAtJ7ZGBhEospFzt6XVz6DNWU="></latexit><latexit sha1_base64="hvhAtJ7ZGBhEospFzt6XVz6DNWU="></latexit><latexit sha1_base64="A5fonovLdKRSr5ig0d2vfWOtbAs="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit><latexit sha1_base64="jRI4mQQ8MKqGqwfFGt1J2QLMatI="></latexit>

C(�)
qq

<latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="rHij4S4s762mK6iS2DfenKfmqGc="></latexit><latexit sha1_base64="rHij4S4s762mK6iS2DfenKfmqGc="></latexit><latexit sha1_base64="70pNARmiJ+uDN90FJWsstMsXOow="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit><latexit sha1_base64="066glxk+McyXbjYz41WOTCOi9L4="></latexit>

C(3)
qq

<latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="XfW31Q6bk9jTcJYXgyHaf8s3tbo="></latexit><latexit sha1_base64="XfW31Q6bk9jTcJYXgyHaf8s3tbo="></latexit><latexit sha1_base64="uYJbMYRbVDu5KwiVb3+wbWBTmhc="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit><latexit sha1_base64="936IUHE7MVTZNUpkFOn67q0K9/I="></latexit>

b

t

W s

t

X

(a)

b

b, s

Z s

b, s
X

(b)

b s

t t

�⇤, Z⇤

(c)

b

t

s

t

�⇤, Z⇤

(d)

Figure 2: Feynman diagrams for SMEFT-to-WET matching in b ! s transitions at one-

loop level. On the left we show possible two-quark operator insertions (circles) in a tW

loop (a) and a sZ or bZ loop (b). Here X is either an on-shell photon or gluon (C7, C8),

or an o↵-shell photon or Z boson coupling to a muon pair (C9, C10). On the right we

show possible four-quark operator insertions. The two circles specify the quark currents.

Contributions to C9 and C10 are due to F (�)
qq and F (1)

qu (c), as well as F (3)
qq (d).

a series of examples.

The SMEFT dipole operators with right-handed down quarks, OdX , match onto the

WET operators O7(0) and O8(0) at tree level and at one-loop level. Compared to the SM

contribution, e↵ects of these operators on C7 and C8 are chirally enhanced by mW /mb.

This enhancement makes C7 and C8 and in general also C70 and C80 very sensitive probes

of SMEFT dipole operators. In MFV all operator contributions with right-handed

bottom quarks are suppressed by yb. This suppression lifts the chiral enhancement in the

matching relation, but still leaves a sizeable e↵ect of CdX in C7 and C8. Thanks to the

chiral enhancement, b ! s observables are sensitive to yb-suppressed flavor structures at

tree level, unlike top observables, where no such enhancement occurs. E↵ects of CdX in

C70 and C80 in MFV are suppressed by ys, and we neglect them in our analysis. In Tab. 10

in App. B, we list all SMEFT-to-WET matching relations with a non-trivial dependence

on the quark masses and Yukawa couplings.

Operators with right-handed up-type quarks only appear in the SMEFT-to-WET matching

at the one-loop level.

Operators with left-handed quarks, O(1)
�q and O(3)

�q , match onto O9 and O10 at tree level and

onto O7�10 at one-loop level. The corresponding Wilson coe�cients modify the neutral

and charged weak currents with left-handed quarks as
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