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Figure 19: Two-dimensional sensitivity scans for the pair of Wilson coeffi-
cients C9 and C10 as obtained from the unbinned amplitude fit and
from fits to the full set of angular observables for (left) Hl[z2] and
(right) Hl[z3] non-local hadronic parametrisation models. The
contours correspond to 1, 2, 3 s statistical uncertainty evaluated
with the expected statistics at LHCb Run-II for the BMPC9 scenario.

be quantified in 5.9 (8.1) s and 3.1 (4.2) s for the binned (unbinned)
and for the Hl[z2] and Hl[z3] non-local hadronic models, respectively.

This result strongly illustrates the advantage of the proposed am-
plitude fit with respect to the conventional binned approach.

3.3 lepton flavour universality test in B0 !K⇤0 `+`�

The second part of this chapter aims to extend the proposed framework
to perform a simultaneous amplitude fit to B0 ! K⇤0µ+µ� and B0 !
K⇤0e+e� decays as a test of Lepton Flavour Universality. Currently,
published LFU tests consist of measurements of the ratios RX, that
simply take into account the number of events observed in the two
channels, and differences in the binned angular observables of B0 !
K⇤0`+`� decays, in particular DP0

4 and DP0
5 published by Belle [82].

Performing a simultaneous amplitude fit to the full differential decay
rate benefits from the full description of the decay and combines
the discovery potential of the standalone ratio RK⇤ and the flavour-
dependent angular analysis. Therefore, the proposed approach is
expected to enhance the sensitivity of previous LFU measurements,
while preserving the beneficial property of a clean measurement free
from most of the theoretical and experimental uncertainties.

3.3.1 Simultaneous amplitude fit

The B0 ! K⇤0e+e� decay mode is included in the amplitude fit by
introducing an additional pd f (e) based on the formalism presented in

[Simulation]

[JHEP 10 (2019) 236]
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The (in)famous B0 → K*0[K+π-]l+l- decay

Large number of observables: BF 
fractions, CP asymmetries and angular 

observables (5-dimension)
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d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>

C(0)
9 , C(0)

10
<latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit>

C(0)
7

<latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit>

C(0)
9 , C(0)

10
<latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit>

+ long distance cc̄
<latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit>
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Why angular analysis?

➤ Angular analysis: measure the rate of a decay process as a 
function of the angles of the final decay products 

➤ Compared to measuring the decay rate alone (i.e. the branching 
fractions), angular analysis can give access to a large range of 
observables with reduced theory uncertainties  

➤ Can help deduce nature of new physics models 
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The (in)famous B0 → K*0[K+π-]l+l- decay

Large number of observables: BF 
fractions, CP asymmetries and angular 

observables (5-dimension)
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>

1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>
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<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>

C(0)
9 , C(0)

10
<latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit>

C(0)
7

<latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit>

C(0)
9 , C(0)

10
<latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit><latexit sha1_base64="aibJN7df1NSHLy3L7qmYLX6E0aw=">AAACH3icdVDLSsNAFJ34rPUVdelmsAgVpCRSfOwK3bisYB/QxDCZTtqhk0mYmQgl5E/c+CtuXCgi7vo3TtostNUDFw7n3Mu99/gxo1JZ1tRYWV1b39gsbZW3d3b39s2Dw46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/XEz97uPREga8Xs1iYkboiGnAcVIackzL50QqRFGLG1mD2nViQUNyVnmpTfZ+X+WbWWeWbFq1gxwmdgFqYACLc/8cgYRTkLCFWZIyr5txcpNkVAUM5KVnUSSGOExGpK+phyFRLrp7L8MnmplAINI6OIKztSfEykKpZyEvu7MT5aLXi7+5fUTFVy7KeVxogjH80VBwqCKYB4WHFBBsGITTRAWVN8K8QgJhJWOtKxDsBdfXiadi5pt1ey7eqVRL+IogWNwAqrABlegAW5BC7QBBk/gBbyBd+PZeDU+jM9564pRzByBXzCm37Yao08=</latexit>

+ long distance cc̄
<latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit><latexit sha1_base64="B9zlTNKlGDAEk77OjQYVA/GHMBg=">AAACCnicbVC7SgNBFJ31GeMramkzGgRBCLtB0DJgYxnBPCAJYXZyNxkyO7vM3BXDsrY2/oqNhSK2foGdf+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vruY385tb2zm5hb79uokRzqPFIRrrpMwNSKKihQAnNWAMLfQkNf3g19ht3oI2I1C2OYuiErK9EIDhDK3ULR2cPbYR71GEqI9WnPXuSKQ40422f6ZRn3ULRLbkT0EXizUiRzFDtFr7avYgnISjkkhnT8twYOynTKLiELN9ODMSMD1kfWpYqFoLppJMoGT2xSo8GkbZPIZ2ovzdSFhozCn07GTIcmHlvLP7ntRIMLjupUHGCoPj0UJBIihEd92KDa+AoR5YwroX9K+UDphlH217eluDNR14k9XLJc0vezXmxUp7VkSOH5JicEo9ckAq5JlVSI5w8kmfySt6cJ+fFeXc+pqNLzmzngPyB8/kDDmKbEA==</latexit>

To “bin” or not to “bin”?

     [Angular]: AFB, FL, P’5, … 
[Amplitude]: C9, C10, hadronic terms …
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LHCb Run-I + 2016 B0 → K*0µ+µ- update
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Run 1 2016

SM from DHMV

LHCb

The song remains the same (?) …

[LHCb-PAPER-2020-002, arXiv: 2003.04831] 

Overall tension with SM remains at the same level
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B0 → K*0µ+µ- prospects

Update with full Run-II underway, but what next?

(a) (b)

Figure 2.1: Electroweak penguin studies at the Phase-II Upgrade. (a) P
0
5 vs. q

2, showing the LHCb
Run-1 results [25] and those of a simulated experiment with 300 fb�1, assuming the same central values.
The SM predictions, with the currently assigned uncertainties, come from Ref. [33]. (b) significance
of the measured values of S5 and S6, quantifying lepton-universality violation in B

0
! K

⇤
µ
+
µ
� and

B
0
! K

⇤
e
+
e
� decays, as a function of sample size, assuming a NP scenario defined in Ref. [34]. The

correspondence with the di↵erent running periods of LHCb is indicated, as is the expected performance of
Belle II.

based on that presented in Ref. [34], showing the significance of the measurement of the observable
D5, which is closely related to the di↵erences in behaviour for P 0

5 between muon and electron
modes, and is expected to be vanishingly small in the SM. Also shown is the significance on
the measurement of the observable D6, again very close to 0 in the SM. The generated values
for D5 and D6 are set to non-zero NP numbers compatible with current constraints [34]. The
expected significances are shown as a function of B0

! K
⇤
e
+
e
� sample size. Also indicated is

the correspondence between the sample size and the running period of LHCb, as extrapolated
from Run-1 measurements [28] and taking no account of possible improvements to the ECAL
during Phase II. For this NP scenario, and for many others with smaller lepton-universality
violating contributions, the Phase-II Upgrade will be required to observe a clear e↵ect.

Similar arguments hold for studies of b ! dl
+
l
� transitions, albeit with lower statistical

precision, as may be illustrated with a few examples. The angular analysis of the b ! dl
+
l
�

decay B
0
s ! K

⇤0
µ
+
µ
� with the data sample collected by the Phase-II Upgrade is expected to

become more precise than the Run-1 result for the b ! sl
+
l
� process B0

! K
⇤0
µ
+
µ
�, enabling

a powerful comparison between di↵erent flavour transitions. A time-dependent analysis will
become feasible for the mode B

0
! ⇢

0
µ
+
µ
�. The large sample sizes, coupled with the improved

⇡
0-reconstruction that is foreseen from an upgraded ECAL (see Sec. 4.3.3), will allow for isospin

tests in B ! ⇢µ
+
µ
� and B ! ⇡µ

+
µ
� decays.
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CERN-LHCC-2017-003, LHCb EoI

Source FL AFB, S3–S9 P1–P
0
8

Acceptance stat. uncertainty < 0.01 < 0.01 < 0.01

Acceptance polynomial order < 0.01 < 0.01 < 0.02

Data-simulation di↵erences < 0.01 < 0.01 < 0.01

Acceptance variation with q2 < 0.03 < 0.01 < 0.09

m(K+⇡�) model < 0.01 < 0.01 < 0.01

Background model < 0.01 < 0.01 < 0.02

Peaking backgrounds < 0.01 < 0.02 < 0.03

m(K+⇡�µ+µ�) model < 0.01 < 0.01 < 0.01

K+ µ+µ� veto < 0.01 < 0.01 < 0.01

Trigger < 0.01 < 0.01 < 0.01

Bias correction < 0.02 < 0.01 < 0.03

Summary 

 LHCb continues to provide a wealth of results from CKM precision  

measurements to spectroscopy! Many not covered today (e.g. γ, !s, RD(*)) 

 A possible coherent picture of flavour anomalies might be forming

Intriguing! What happens next? Measure, measure, measure ⁄  

The road ahead? LHCb upgrade!

 59R. Silva Coutinho (UZH)
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Statistical uncertainties extrapolate with 
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B0 ! K⇤0µ+µ� angular analysis

⌅ B0! K⇤0µ+µ� angular observables sensitive to C(0)
7,9,10

⌅ Here concentrate on C0
10, partially sidestepping cc̄-loop discussion

⌅ Vary only single Wilson coe�cient C0
10, Flavio “FastFit” method

varying all nuisance parameters
⌅ Experimental input

⌅ Assume SM central values for Si
⌅ Extrapolate stat. uncertainties �(Si) with 1/

pR
Ldt,

neglect syst. uncertainties
⌅ Use two wide q2 bins 1 < q2 < 6 GeV2/c4 and 15 < q2 < 19 GeV2/c4

⌅ Include correlations

⌅ Theory nuisances
⌅ Reduction of FF uncertainties by factor 1/4 by end of Upgrade II

(linearly with
R

Ldt)
⌅ No reduction of other hadronic uncertainties

C. Langenbruch (RWTH), LHCb week Valencia NP reach of RD

[LHCb-PAPER-2020-002, arXiv: 2003.04831] 
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C 0
10 from B0 ! K⇤0µ+µ� angular observables

10 210
]-1Integrated Luminosity [fb
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0.45

0.5’)
1

0
C(

σ

R
Ldt 3 fb�1 23 fb�1 300 fb�1

B0! K⇤0µ+µ� angular analysis
�stat(Si) 0.034–0.058 0.009–0.016 0.003–0.004
�(C0

10) 0.31 0.15 0.06

⌅ Under assumption of current FFs these would be limiting

⌅ Remaining hadronic uncertainties at current level have a small but
non-negligible impact

C. Langenbruch (RWTH), LHCb week Valencia NP reach of RD
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1.0 < q2 < 6GeV
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By C. Langenbruch



Part-Reco Background − I

Simone Bifani 19

› Partially-reconstructed backgrounds arise from decays involving higher
K resonances with one or more decay products in addition to a Kp pair
that are not reconstructed
› Large variety of decays, most abundant due to B→K1(1270)ee and

B→K2
*(1430)ee

CERN Seminar

6

What about B0 → K*0e+e- analyses?

R. Silva Coutinho (UZH)

Bremsstrahlung − I
› Electrons emit a large amount of bremsstrahlung that results in
degraded momentum and mass resolutions

› Two types of bremsstrahlung

CERN SeminarSimone Bifani 11

Upstream
brem

Downstream
brem

» Downstream of the magnet
- photon energy in the same
calorimeter cell as the electron
- momentum correctly measured

» Upstream of the magnet
- photon energy in different
calorimeter cells than electron
- momentum evaluated after
bremsstrahlung

Air

The electron identification at LHCb relies on a few detector features 

ECAL matching global procedure 
Bremsstrahlung photons extrapolation 
Track energy deposition in the PS and extrapolated                                  
particle trajectory into HCAL

Claire Prouve 6Calo Object Tools meeting

Double-counting

double-counting:  some of the photons that are 'bremsphoton- candidates' can be matched to both electrons and 
are therefor added to both electrons 
→ that leads to a 'tail' at high B- masses

correct the double-counting: 'remove' the photon energy from on 
of the electrons and recalculate the B-mass

tested 4 configurations:

● photon energy removed from electron with lower energy

● photon energy removed from electron with higher energy

● photon energy removed from random electron

● half of the photon energy removed from both electrons

B inv mass / MeV

LHCb 
Unofficial 
Simulation

Correction can directly 
affect the resolution
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C
en

tra
l q

2
J/

ψ ψ
(2

S)

Signal decays

B0 → K*0ψ (2S)

B0 → K*0J/ψ

Radiative tail

μμ

ee

1

2

3 4

[4] 
Link: abstract -> anything that could be done to cope with 

low stat/res for electrons?

What about B0 → K*0e+e- analyses?

 : JHEP 08 (2017) 055RK* 3 fb−1
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Strategies to improve signal resolution: “constraint” q2

Cutting on the  with  primary vertex and  mass constraint allows for the 
extension of the analysis range up to 

q2 B0 B0

7.0 GeV2/c4

1

2

3

4

[F. Lionetto PhD Thesis]

What about B0 → K*0e+e- analyses?

Also reduces potential “bin migration”!
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Possible backgrounds:  

•   

• Double semi-leptonic 

• Partially reconstructed (e.g. K1) 

• Combinatorial

B+ → K+e+e−
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 : JHEP 08 (2017) 055RK* 3 fb−1

Andrea Mauri

What about B0 → K*0e+e- analyses?
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Figure 2: Volume in (cos(✓K), q2, m) a↵ected by the B+ ! K+µ+µ�
veto.

smooth out the edges of the a↵ected volume, and to adjust the p.d.f. by setting it to zero

in the cut volume:

Pwith-cut
bkg (~⌦, q2,m) =

(
0 for (cos✓K , q2, andm) in cut volume

Pwithout-cut
bkg (~⌦, q2,m) otherwise,

(1)

where Pwithout-cut
bkg (~⌦, q2,m) is either given by equation ??, ?? or ??.

Due to the binned definition of the cut volume, the normalisation of Pwith-cut
bkg can be

calculated with

Z
Pwith-cut

bkg =

Z 1

�1

Z 1

�1

Z 1

�1

Z q2max

q2min

Z mmax

mmin

Pwithout-cut
bkg (~⌦, q2,m) dmdq2dcos✓Kd�dcos✓l

�
X

i

Z 1

�1

Z 1

�1

Z ctkimax

ctkimin

Z q2, imax

q2, imin

Z mi
max

mi
min

Pwithout-cut
bkg (~⌦, q2,m) dmdq2dcos✓Kd�dcos✓l,

(2)

where [q2min, q
2
max] and [mmin, mmax] are the fit ranges in q2 and m of the given q2 and m

region. The sum indicates a sum over all cut-a↵ected bins in the (cos(✓K), q2, m)-cut.

Furthermore, [ctki
min,ctk

i
max], [q

2, i
min,q

2, i
max], and [mi

min,m
i
max] are the cos(✓K), q2, and m

ranges of bin i.
With this method, the fit recovers the correct shape of the distributions una↵ected

by the veto. However, the best fit values for the p.d.f. fractions fJ/ and f 2s would

be the relative yields after the cut, which are di↵erent to the true relative yields before

the cut. This is because the resonant and the combinatorial background contributions

loose di↵erent relative amounts of events in the cut, due to the di↵erent shapes of their

distributions. This is corrected for during the fit by calculating the fraction of lost events

for each background contribution:

3

Β → Κ+ll decays vetoed by 
m(Κπll) and m(Κll)

compatible with 
B mass

compatible with 
B + π mass

Significant effect for electrons!
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•   
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• Partially reconstructed (e.g. K1) 
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Andrea Mauri

What about B0 → K*0e+e- analyses?

ISGW2 vs BESIII

1− 0.5− 0 0.5 1
)lθcos(

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

ISGW2

BESIII

Both are true MC

Maxime Schubiger 08.08.2019 Team Electron 1

K+

π−

D−

B0 e−

e+

ν̄e

νe

By M. Schubiger

E.g.



What comes Next?

Direct fits to Wilson Coefficients  
      

What about electrons? 

[Eur. Phys. J. C (2018) 78: 453] 
[Eur. Phys. J. C, 78 6 (2018) 451, JHEP 10 (2019) 236]

[Phys. Rev. D 99, 013007 (2019)]

From binned to unbinned ...
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What we can learn from data?

If we are underestimating cc contributions then naively expect to see the shift in C9 get 
larger closer to the narrow charmonium resonances. 

12R. Silva Coutinho (UZH)

No clear evidence for a rise in the data (but more data is needed)

[Decotes-Genon et al JHEP 06 (2016) 092] [M. Chiuchini et al JHEP 06 (2016) 116]

See updated plots from Sébastien!



Observables integrated in q2 bins are largely theory independent, so important 
information is lost 

Two approaches at LHCb, e.g. for B0 → K*0µ+µ- (λ =⊥, ∥, 0): 

Determination of long-distance contributions 
Improve sensitivity in the measurement

13R. Silva Coutinho (UZH)

[“Isobar”-like approach]

[z-expansion approach]

A
(`)L,R
� = N
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⇢
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10 )F�(q

2) +
2mbMB

q2
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T
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2)

��

Wilson coefficients [observables] 
Form factors 
Non-local hadronic contributions

LHCb, Eur. Phys. J. C (2017) 77: 161,  
Blake et al, Eur. Phys. J. C (2018) 78: 453 

Eur. Phys. J. C, 78 6 (2018) 451,  
arXiv:1805.06378

Amplitude analyses of B0 → K*0µ+µ- 
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[“Isobar”-like approach] [z-expansion approach]

LHCb, Eur. Phys. J. C (2017) 77: 161  
Blake et al, Eur. Phys. J. C (2018) 78: 453 

Eur. Phys. J. C, 78 6 (2018) 451  
JHEP 10 (2019) 236

Amplitude analyses of B0 → K*0µ+µ- 

8

Combined fit to B → K*µµ decays and theory

Combined fit to: 
✦ semi-muonic B → K*µµ decays 
✦ theory points at negative q2 

❖ reliable theory predictions [arxiv:1707.07305] 

✦ hadronic B → K*{J/ψ, ψ(2S)} decays 

❖ sets of 5 pseudo-observables [arxiv:1707.07305]
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LHCb Upgrade ✦ Uncertainty only 
slightly increases 
after z3 fits

✦ We can access in a 
quantitative way this 
model-dependency

A. Mauri (Zurich University) - ICHEP 2018 
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LHCb

Strategy for each analysis present specific experimental challenges; consistency 
between these complementary approaches provides interesting information



Guinea pig (isobar): B+ → K+µ+µ- decays

Fit to full di-muon mass spectrum including: ρ, ω, φ, Jψ, ψ(2S), ψ(3770), 
ψ(4040), ψ(4160), ψ(4415)  

15R. Silva Coutinho (UZH)

[EPJ C77 (2017) 161]
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LHCbBreit-Wigners

Magnitude and phase of each 
resonance relative to C9

Fit suggested J/ψ has little impact 
outside the region



[isobar] approach in a nutshell

16R. Silva Coutinho (UZH)

[EPJ C78 (2018) 453]

Modelling non-local hadronic contributions

18

BW Amplitudesv
Magnitude and phase of 
non-local contribution to 
dipole form factor

Magnitude and phase for 
each resonance

Sum over all 
resonances

• Resonances included in our analysis: J/!, !(2S), ρ(770), φ(1020), !(3770), !(4040) 
and !(4160)

• BF of B0 → K*0μ+μ- is implicitly included in the model through the magnitudes of the 
resonances which are measured relative to the penguin

A
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2mbMB
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
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��

G�(q
2)

ρ0, ϕ(1020), J/ψ, ψ(2S), ψ(3770), ψ(4040), ψ(4160)e.g.: 

Existing angular analyses and BFs of   can constrain two phases and all magnitudesB → VK*0

Comparison to other models

19Blake et al., Eur.Phys.J. C78 (2018) no.6 453

• Amplitude analyses of B → VK* (for  J/!, !(2S), φ(1020), ρ(770)) 

decays from LHCb, Belle and BaBar constrain sizes of the 

magnitudes "
0,‖,⊥

and the relative phases %
‖,⊥

• The phase &
0

(relative to the penguin)  of each resonance is 

completely unknown

• Fixing the relative phases and varying the unknown phases %
0
, 

can predict angular observables and compare to data and other 

models

• In the fit to data also  include contribution from S-wave 

amplitudes for both short-distance and non-local components

C9 &
0

&‖ &⊥

relative to relative to

Three phases for 
every resonance:



[isobar] controlling hadronic paramaters

17R. Silva Coutinho (UZH)

Determining Wilson Coefficients I

No input for ✓0
j Run1+2 Toy

⌘ Maximise sensitivity to both hadronic and short-distance parameters by
fitting the full differential decay rate using a q2 dependent model

⇤ Downside: introduction of a model dependence on the result
⌘ Include S-wave amplitude for short-distance J/ ,  (2S) amplitudes

⇤ A more accurate prior knowledge of form-factors would be useful
⇤ Need a consistent parametrisation of the mK⇡ dependence

K.A. Petridis (UoB) b2s`` February 2018 b2s`` 2018 2 / 3

Precision with full Run-II

Determining Wilson Coefficients I

No input for ✓0
j Run1+2 Toy

⌘ Maximise sensitivity to both hadronic and short-distance parameters by
fitting the full differential decay rate using a q2 dependent model

⇤ Downside: introduction of a model dependence on the result
⌘ Include S-wave amplitude for short-distance J/ ,  (2S) amplitudes

⇤ A more accurate prior knowledge of form-factors would be useful
⇤ Need a consistent parametrisation of the mK⇡ dependence

K.A. Petridis (UoB) b2s`` February 2018 b2s`` 2018 2 / 3

No input on phases

Run-II dataset will provide strong constraint on phases, but no improvements on FFs

[EPJ C78 (2018) 453]



[isobar] going beyond leading charmonium

18R. Silva Coutinho (UZH)

Nominal model can be affected by several contributions: 

Broad continuum heavy cc states [arXiv:2001.04470] 
Heavier states  
Other non-resonant contributions (?) 



[isobar] exotic contributions

19R. Silva Coutinho (UZH)

Full q2 spectrum is used, hence contributions from exotic states  B0 → K+Z−( → ψ (′�)π−)

Toys with 10x the expected Run1+Run2 yields 

Exotics included 
 B0 → K+Z(4430)−( → J/ψπ−), B0 → K+Z−(4200)( → J/ψπ−)

B0 → K+Z−(4200)( → ψ (2S )π−)

Studied as systematic uncertainty 
Generate toys including exotic states 
(including interference with non-local 
and penguin) 

Fit back with our model ignoring the 
exotic states  

‣ Impact on the Wilson coefficients is 
negligible 

‣ Dominant uncertainty on phase 
difference of  and  at the 
level of 10mrad  

‣ Note that similarly this affects the 
external parameters for other models

J/ψ ψ(2S)



Parametrisation suggested in [Eur. Phys. J. C, 78 6 (2018) 451]: 

20R. Silva Coutinho (UZH)
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Non-local hadronic contributions

• Analytic within | z | =1 
• Cut-off os series at z2

[z-parametrisation] B0 → K*0µ+µ- decays



First attempt to study the effect of the theory constraints cut-off 

Signal yield related to the BR 
CKM/FF are floating/gaussian constrained parameters and H are free

21R. Silva Coutinho (UZH)

Strong dependence on the cut-off 
of the z-expansion... 

[z-parametrisation] B0 → K*0µ+µ- decays
[JHEP 10 (2019) 236]
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Combined amplitude fit: 

[semi-muonic B → K*μμ decays]  

[theory points at negative q2] 

[hadronic B → K*{J/ψ, ψ(2S)}] 

[z-parametrisation] B0 → K*0µ+µ- decays



23R. Silva Coutinho (UZH)

Combined amplitude fit: 

[semi-muonic B → K*μμ decays]  

[theory points at negative q2] 

[hadronic B → K*{J/ψ, ψ(2S)}] 

Generating at z4 order: 

[z-parametrisation] B0 → K*0µ+µ- decays



Simultaneous fit to C9 and C10

24R. Silva Coutinho (UZH)

[A. Mauri PhD Thesis]



C9 and C10 vs FF and charm-loop interplay

25R. Silva Coutinho (UZH)
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Comparison to other models
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• Amplitude analyses of B → VK* (for  J/!, !(2S), φ(1020), ρ(770)) 

decays from LHCb, Belle and BaBar constrain sizes of the 

magnitudes "
0,‖,⊥

and the relative phases %
‖,⊥

• The phase &
0

(relative to the penguin)  of each resonance is 

completely unknown

• Fixing the relative phases and varying the unknown phases %
0
, 

can predict angular observables and compare to data and other 

models

• In the fit to data also  include contribution from S-wave 

amplitudes for both short-distance and non-local components

C9 &
0

&‖ &⊥

relative to relative to

Three phases for 
every resonance:

[isobar/z-parametrisation] visualising models

26R. Silva Coutinho (UZH)

[EPJ C78 (2018) 453]

Modelling short- and long-distance contributions in B̄
0 ! K̄

⇤0
µ
+
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� transitions 67
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Figure 3.3: The prediction of the e↵ect of the non-local contributions to the B̄
0 !

K̄
⇤0

µ
+
µ

� amplitudes as a function of q
2. The e↵ect of the long-distance contributions

using the model described in Sec 3.1, where only the J/ and  (2S) resonances are
considered is shown for both real (left) and imaginary components (right). The pre-
dictions are make for choices of the free phase ✓0J/ , (2S)=0,⇡ and ⇡

8 and are shown by

the cyan lines. The prediction using the model from Ref [44] is shown by the dotted,
magenta line.

B̄
0 ! K̄

⇤0
µ
+
µ
� angular distribution can be written in terms of 8 CP -averaged ob-

servables Si, FL, AFB, where i = 3,4,5,7,8,9, along with optimised observables that are

observables constructed from combinations of the CP -averaged observables. The e↵ect

of the non-local charm loop on the CP -averaged observables and the optimised observ-

able P
0
5 is studied. Figure 3.4 shows the distributions for the observables P

0
5, AFB, S7

and FL, in the SM. While, Figure 3.5 shows the distributions for the observables S3, S7,

S5, S8 and S9. The lack of knowledge of the free phase ✓0j , means that all possible

phase combinations are considered. The cyan bands in Figures 3.4 and 3.5 are produced

by scanning over all possible values of the free phase. Two phase combinations have

been directly specified on the Figures 3.4 and 3.5; ✓0j = 0 (dashed band) and ✓
0
j = ⇡

(solid dark band). In all these bands the uncertanties on the form factors taken from

Ref [10] are fluctuated according to the covariance matrix. The data from LHCb Run

1 is shown by the data points and the theoretical predictions computed by the flavio

package [87] are displayed by the magenta band. The freedom of the phase allows a large

region of the observable space to be populated. In particular, this is demonstrated for

the observables S7 and S9, in Figures 3.4 and 3.5, which at both low and high q
2 vary






























































































































Angular observables can also 
discriminate between different phases

Useful validation: compatibility between 
“Isobar” and z-parametrisation” approaches



Similarly to the isobar approach, classical angular observables can be a posteriori 
calculated 

Signal only ToyMC (no background, acceptance or systematics) 
Independent on the the truncation of the z-expansion!  

27R. Silva Coutinho (UZH)

[JHEP 10 (2019) 236]

[isobar/z-parametrisation] visualising models
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How to explore the full LFU information?

One of the interesting features of the anomalous pattern seen in FCNC transitions is 
the connection between P’5 and RK*

First steps towards an experimental direct 
connection, i.e. probes of LFU in observables 

LFU angular asymmetries

⌅ Interestingly, discrepancies in RK ,K⇤ explainable by reduced Cµ
9,10

⇤ would explain pattern of deviations observed in b ! sµµ transitions
too, including P 0

5

⌅ Best way to connect directly P 0
5 and RK⇤ would be to measure

LFU angular asymmetries
⇤ Qi = Pi (µµ) � Pi (ee), in particular Q5 = P 0

5(µµ) � P 0
5(ee)

=) arXiv:1605.03156

5 of 30 F. Lionetto - LFU in b! s`+`� angular analyses - 14 June 2017

[Belle, PRL 118 (2017) no.11, 111801]

[JHEP 10 (2016) 075]
R. Silva Coutinho (UZH)

Currently, this link is only 
visualised in global fit analyses
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How to explore the full LFU information?

One of the interesting features of the anomalous pattern seen in FCNC transitions is 
the connection between P’5 and RK*

First steps towards an experimental direct 
connection, or combining both angular and 
branching ratio information 

R. Silva Coutinho (UZH)

Currently, this link is only 
visualised in global fit analyses

2

Belle-II and LHCb data sets in section IV, before we con-
clude in section V.

II. MEASURES OF LFU BREAKING

The angular PDF for B ! K⇤(! K⇡)`+`� decays is
well known in the literature, and we use the conventions
specified in [9]. There, the CP-averaged and normalized
angular observables are

Si(q
2) ⌘ 4

3

Ji(q2) + J i(q2)

d� /dq 2 + d� /dq 2
, (4)

where unbarred quantities stem from the decay B̄ !
K̄⇤`+`�, and the bar indicates CP conjugation. For the
definitions of the Ji, see [6, 9–11]. 2 Here and through-

out the rest of this letter, we will refer to S(`)
i and �(`)

as one of the angular observables or the decay width for
the ` final state, respectively.

All spin-averaged observables can be expressed in
terms of sesquilinear combinations of up to 14 transver-
sity amplitudes when working in the full basis of
dimension-six semileptonic operators [6]. For the dis-
cussions at hand, however, we restrict our study to the
operators O9,10. In this case, all observables can be ex-
pressed in terms of only 7 transversity amplitudes,
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as well as At. The latter is not relevant to the discussions
at hand. Note that our convention for the normalization
constant N

N ⌘ GF↵eVtbV
⇤
ts

s
q2
p
�

3 · 210⇡5M3
B

, (6)

di↵ers from, e.g., the normalization N [6] as used in
reference [6]: N [6] =

p
�`N . Our choice ensures that the

normalization is universal for all lepton flavours.

We propose to measure weighted di↵erences of angular
observables,

Di(q
2) ⌘ dB(e)

dq 2
S(e)
i (q2)� dB(µ)

dq 2
S(µ)
i (q2) . (7)

2 Note that the definition of the angular observables does not ac-
count for purely QED-induced modifications to the overall an-
gular distribution; see [12, 13] for recent discussions.
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FIG. 1. The q2 dependence of the suppression terms �(k)
� for

k = 2 (lower blue curve) and k = 3 (upper orange curve),
respectively, on a log scale. The windows in which either
QCD-improved factorization or the operator product expan-
sion at low recoil can be applied are indicated by the shaded
area on the left and right, respectively.

Assuming LFU breaking only3 in the Wilson coe�cient
C9, we obtain for the indices i = 4, 5, 6s the expressions
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where ⌧B is the lifetime of the B mesons, and the dots
indicate an unsuppressed expression linear in the non-
local contributions h9,0(q2) and h9,k(q

2). Moreover, we
introduce

�(k)
9l ⌘ �k

e

h
C(e)
9

il
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µ

h
C(µ)
9

il
,

�(k)
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µ .

(9)

We find that eq. (8) holds up to corrections of order
�3
e � �3

µ (for D4) and �2
e � �2

µ (for D5,6s). Note that

D4 is free of hadronic contributions in the term / �(3)
92 ,

but not free of them in the linear term �(3)
9 . For

the full results, see eqs. (A1)–(A3). The expressions
eq. (8) hold in the entire q2 spectrum, since no explicit
expression for the hadronic two-point correlation func-

tions, h9,�(q2) ⌘ Ce↵,(`)
9,� (q2) � C(`)

9 , have been used. We
emphasize that this also holds in between the two vetoes

3 Note that lepton-universal NP e↵ects are not precluded here.

[PRD 95, 035029 (2017)]

Still limited to the individual µ/e analyses 
(e.g. cannot share FL observable) 

Provide set of independent observables, 
e.g. related to P’5 and AFB, that can be 
combined and provide higher sensitivity
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Towards establishing LFU-breaking in B0 → K*0l+l-

Simultaneous unbinned analysis of B0 → K*0µ+µ- and B0 → K*0e+e-
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All nuisance parameters are shared 
between electron and muons, i.e. 
CKM and (non) local hadronic  

Extended maximum-likelihood fit, 
i.e. includes RK* information 
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The correlation bound that enables LFU tests
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         strongly dependent on the model 
assumption (renamed for simplicity) 

Key feature: model-independent 
determination of the difference 
between  electron and muons WCs  

Insensitive to the 
parametrisation of the non-local 
contributions 

Significance wrt LFU hypothesis   
is unbiased
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Sensitivity to LFU breaking with LHCb Run II
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Determination of ΔCi is stable and model-independent → early first observation of 
LFU violation can be obtained with LHCb Run II dataset in B → K*l+l- decays
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Features of the proposed LFU observable

R. Silva Coutinho (UZH)

Notice that the classical binned observables can also be retrieved by this method 

Similar to the muonic case this analysis will provide more precise results 

[PRD 99 (2019) 013007]
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How to use the available data in the future?

R. Silva Coutinho (UZH)

By. P. Owen



There are well known packages for fitting observables and generating SM data 

All rely on “binned” data, which in principle it is easy to be “re-used”. To further extend this 
discussion lets consider a typical “search” question:

35

How to use the available data in the future?

R. Silva Coutinho (UZH)

What impact does an existing analysis have on an alternative signal hypothesis?

E.g. RECAST
[JHEP 1104 (2011) 038]

!12

Easy RECAST 

=

p’₂

p’₁p₁

p₂

original analysis (w.r.t model A)

Signal 
Region

original analysis (recast to model B)

Signal 
Region

reinterpret

CLs = 0.03
CLs = 0.05 !12

Easy RECAST 

=

p’₂

p’₁p₁

p₂

original analysis (w.r.t model A) original analysis (recast to model B)

reinterpret

CLs = 0.03
CLs = 0.05 

!12

Easy RECAST 

=

p’₂

p’₁p₁

p₂

original analysis (w.r.t model A) original analysis (recast to model B)

reinterpret

CLs = 0.03
CLs = 0.05 

Model A

Model B



Perhaps we should build a platform between experiment and theory, e.g. create a simple 
formalism (API) of the [data analysis  data preservation  modelling]↔ ↔
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How to use the available data in the future?

R. Silva Coutinho (UZH)

+ cope with this data?

[my personal biased view]

scalable model fitting

      -amplitude

         -physics

vector

phasespace

extensions

Build on top

Python ecosystem

[Model]

Determining Wilson Coefficients I

No input for ✓0
j Run1+2 Toy

⌘ Maximise sensitivity to both hadronic and short-distance parameters by
fitting the full differential decay rate using a q2 dependent model

⇤ Downside: introduction of a model dependence on the result
⌘ Include S-wave amplitude for short-distance J/ ,  (2S) amplitudes

⇤ A more accurate prior knowledge of form-factors would be useful
⇤ Need a consistent parametrisation of the mK⇡ dependence

K.A. Petridis (UoB) b2s`` February 2018 b2s`` 2018 2 / 3

[“Isobar”-like approach]

[z-parametrisation]

[Published data]*

* Disclaimer: “zfit” stands for “Zürich fitter”

d�

dq2d⌦
⌦R(q2)
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> O(102) parameters
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Summary

Angular analyses are still the “cleanest” interplay between experiment and theory 

Challenging analyses from both experimental 
and theory side  ultimate precision→

 

[well advanced exploratory work on new strategies 
towards the understanding  of the underline physics]

Flavourful road to amplitude analyses:   
[from empirical to theory-inspired models]



The nitty details …

Exotic states: what is the best strategy? 

Form-factors: limiting factor for C10 

 

[higher level of complexity for the empirical model and 
enters in the constraints to the charmonium mode]

S-wave: from form-factors to non-local contribution?
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LHCb upgrades

R. Silva Coutinho (UZH)
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Sensitivities for the LHCb Upgrade

R. Silva Coutinho (UZH)

[arXiv:1812.07638 ]
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Sensitivity to LFU breaking for the Upgrade/C’ WCs
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Interesting opportunities to disentangle different NP hypotheses even with a 
single measurement
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FIG. 3. Two-dimensional sensitivity scans for the proposed
observables �C9 and �C10 for the two considered NP scenar-
ios: (green) BMPC9

and (red) BMPC9,10
. The contours corre-

spond to 3� statistical-only uncertainty bands expected for
the (dashed) Belle II 50 ab�1 and LHCb Upgrade (dotted)
50 fb�1 and (solid) 300 fb�1 statistics.

detailed discussion in Ref. [25]). These contributions are
in general expected to be small [5, 47], and in the pro-
posed formalism they benefit from the same description
between the muon and electron mode. Therefore, in this
constrained framework these e↵ects are even further sup-
pressed and can then be neglected for the scope of this
work.

Another important test to probe the stability of the
model consists in changing the description of the non-
local hadronic e↵ects in the generation of the pseudo-
experiments. In this way we analyse potential issues that
can rise if the truncation H�[z

n] is not a good description
of nature. We proceed as follows: we generate ensembles
with non-zero coe�cients for H�[z

3] and H�[z
4], and we

perform the fit with H�[z
2]. We vary the choice of the

H�[z
(3,4)] generated parameters, including a set of values

that minimises the tension with the P 0
5 anomaly [5], while

keeping C(µ)
9 and C(µ)

10 at their SM values. Despite the
mis-modelling of the non-local hadronic e↵ects in the fit,
we observe that the determination of �C9 and �C10 is
always unbiased, thanks to the relative cancellation of
all the shared parameters between the two channels. It
is worth mentioning that a hypothetical determination of

the individual eC(µ,e)
9 and eC(µ,e)

10 WCs can also produce a
shift in their central values that mimics the behaviour of
NP [42].

In conclusion, we propose a clean and model-
independent method to combine all the available infor-
mation from B̄ ! K̄⇤`+`� decays for a precise determi-
nation of LFU-breaking di↵erences of WCs, i.e. �C9 and
�C10. This relies on a shared parametrisation of the local
(form-factors) and non-local (H�[z

n]) hadronic matrix el-

ements between the muonic and electronic channels, that
in turn enables the determination of the observables of in-
terest free from any theoretical uncertainty. In addition,
this simultaneous analysis is more robust against exper-
imental e↵ects such as mismodeling of the detector reso-
lution, since most parameters are e↵ectively determined
from the muon mode. This would be an important bene-
fit for LHCb where the electron resolution is significantly
worse than that of muons. Figure 4 illustrates the use-
fulness of the newly-proposed observables by combining
the di↵erent information from angular analysis to branch-
ing ratio measurements. Due to the inclusiveness of the
approach, the expected sensitivity surpasses any of the
projections for the foreseen measurements of e.g. RK

⇤ or
P 0
5 alone - given the benchmark points. Therefore, this

novel formalism can be the most immediate method to
observe unambiguously NP in B̄ ! K̄⇤`+`� decays.

A promising feature of this framework is the possibility
to extend the analysis to include other decay channels in-
volving flavour changing neutral currents. For instance,
the charged decay B̄+ ! K̄⇤+`+`� undergoes the same
physics and is easily accessible at the B-factories, while
other rare semi-leptonic decays such as B+ ! K+`+`�

and ⇤b ! ⇤(⇤)`+`� have a di↵erent phenomenology but
access the same NP information in terms of WC descrip-
tion. Thus, an unbinned global simultaneous fit to all
data involving b ! s`+`� transitions is a natural and
appealing extension of this work. Moreover, the parame-
ter space of the investigated WCs can also be broadened
to incorporate direct measurement of the right-handed C0

i

- currently weakly constrained by global fits [23–25].
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FIG. 4. Sensitivity to BMPC9,10
scenario for the expected

statistics after the LHCb Run II. The relative contribution
(1, 2, 3� contours) of each step of the analysis is shown in
di↵erent colours, together with the result of full amplitude
method proposed in this letter.
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S-wave contribution

Since we fully fit the q2 dependence, this has also to be extended to the S-wave
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[arXiv:1805.06378]
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Form factors are gaussian constrained from  
[Nucl. Phys. B868 (2013) 368] and hadronic 

and H parameters are free in the fit
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Simultaneous fit to C9 and C10

Considering all experimental effects the sensitivity for the Wilson 
coefficients are not significantly affected

43R. Silva Coutinho (UZH)

[A. Mauri PhD Thesis]
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[isobar] controlling hadronic paramaters

44R. Silva Coutinho (UZH)

[Preliminary, U. Egede, M. Hecker, P. Owen, G. Pomery, K. Petridis]

In the presence of  New Physics, the model of  non-local contribution cannot 
describe data with expected Run-II statistics

Fits floating  
Fits fixing  to SM

C9
C9

Generate toys with CNP
9 = − 1.5
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