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An experimental and theoretical view 
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THE STANDARD MODEL AND ITS FLAVOUR

LOTS OF THINGS WE DON’T UNDERSTAND IN THE SM LIVES IN FLAVOUR

the desert — no fermion mass falls here
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THE STANDARD MODEL AND ITS FLAVOUR

IN THE SM, FERMION MASSES ARE THE RESULTS OF THE YUKAWA INTERACTION

ℒY = − Yd
ijQ
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WHILE GAUGE INTERACTION ARE PROTECTED BY 
SYMMETRY, YUKAWA COUPLINGS ARE NOT
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THE SM HAS NOTHING TO SAY ABOUT WHY
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THE STANDARD MODEL AND ITS FLAVOUR

FLAVOUR PHYSICS AS A COMPASS TO THE NP SCALE … STRONG BOUNDS FROM 
CP VIOLATION AND FLAVOUR-CHANGING PROCESSES: 

generic couplings across generations

NP scale must be very high

~10³–10⁴ TeV
out of reach of any collider

couples preferentially to heavier generations

NP scale can be a few TeV

~1–10 TeV
within reach of LHC / HL-LHC

NP BADLY VIOLATES FLAVOUR NP MIMICS SM FLAVOUR

NO EXPLANATION FOR HIERARCHY 
HIGGS FINE-TUNING PROBLEM

CONSISTENT WITH THE PATTERN OBSERVED 
TESTABLE AT CURRENT COLLIDERS

GINO ISIDORI @ ICHEP 26
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THE STANDARD MODEL AND ITS FLAVOUR

DIRECT PRODUCTION OF NEW PARTICLES

[SPS 1983]  [Gargamelle 1973]  
[ENERGY FRONTIER]

INDIRECT PRODUCTION OF NEW PARTICLES 
ON WELL-PREDICTED OBSERVABLES
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THE STANDARD MODEL AND ITS FLAVOUR

DIRECT PRODUCTION OF NEW PARTICLES

[ENERGY FRONTIER]

INDIRECT PRODUCTION OF NEW PARTICLES 
ON WELL-PREDICTED OBSERVABLES

[CMS-PAS-EXO-15-004]  
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Figure 3: Observed invariant mass spectrum for the EBEB (top) and EBEE (bottom). The results
of parametric fits to the data are also shown.

photon candidates are matched to those selected in the analysis using a k-nearest-neighbours
algorithm, with k=10.

Figure 4 shows, in mgg bins, the measured contributions of the different background compo-
nents in the region ICh < 5 GeV. It can be seen that the dominant component, accounting for
more than 90(80)% of the selected events in the EBEB (EBEE) category, is represented by the
irreducible gg background.

The spectrum of the irreducible background extracted through the procedure described above
is then compared with the predictions extracted by rescaling the mass spectrum predicted by
the Sherpa generator to the one extracted from the 2gNNLO program [33]. The result of the
comparison is shown in Fig. 5. The mass spectra predicted by the simulation are in good agree-
ment with the one seen in data.

[ATLAS-CONF-2015-081]  

e.g. initial excess observed at 750 GeV di-photon

[LHCb, PRL 125 (2020) 011802, PRL 126 (2021) 161802]   
[Belle, PRL 118 (2017) 11, 111801] 

[ATLAS, JHEP 10 (2018) 047] 
[CMS, PLB 781 (2018) 517]

e.g. flavor anomalies!
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FLAVOUR PHYSICS PROGRAMME
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THE UNITARITY TRIANGLE

UT ANGLES, PHASES AND COMPLEMENTARY MEASUREMENTS
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CP VIOLATION IN THE SM

QUARK-MIXING MATRIX [CKM]:

hereafter referred to as the Cabibbo-Kobayashi-Maskawa (CKM) matrix. The com-

plex phases in the Yukawa couplings are absorbed in the CKM matrix, which is

responsible for all CP violation e↵ects in the SM.

2.3 The CKM matrix

Historically, the first approach to describe mixing between quark families has been

suggested to allow the universality of weak interactions [23]. A simplified quark

model was initially proposed by Gell-Mann and Zweig, and subsequently charm

quarks were introduced through the formalism of the GIM mechanism [24]. How-

ever, the evidence of CP violation in the neutral kaon sector indicates the presence

of a complex phase in the mixing matrix, which is not possible in a 2 ⇥ 2 matrix.

Therefore, Kobayashi and Maskawa generalised the Cabibbo matrix to three gener-

ations of quarks, in which case a single arbitrary complex phase exists [25]. This

quark-mixing matrix is schematically depicted as

VCKM =

0

B@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

CA , (2.7)

where the magnitude squared of each element gives the transition probability be-

tween quarks with corresponding indices, and represents the already mentioned

relation between the mass eigenstates and the eigenstates of charged weak current

interactions.

A generic complex N ⇥N matrix, such as the CKM matrix, is parametrised

by 2N2 independent parameters. The unitarity condition
P

N

j
VijV

⇤
kj

= �ik imposes

N
2 constraints on the degrees of freedom. Furthermore, the relative phases between

quarks are irrelevant, and can be absorbed into phase redefinitions, reducing another

2N�1 parameters. The total number of irreducible degrees of freedom of this matrix

is given by (N�1)2, and is related to rotational elements and complex phases. A non

rigorous interpretation of these numbers is provided by analysing a same dimensional

real-valued matrix. In this case, orthogonality implies that only 1
2N(N � 1) degrees

of freedom are independent. Extrapolating this to the complex case it is possible to

conclude that there are 1
2(N � 1)(N � 2) possible complex phases. Hence, the CKM

matrix is defined by three real parameters related to rotations (Euler angles) and a

single complex phase responsible for CP violation.

The most standard parametrisation of the flavour mixing matrix is obtained
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Hierarchy in quark mixing

Very suggestive pattern

No known underlying reason

Situation for leptons (νs) is 
completely different

Tim Gershon
Flavour & CPV
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<latexit sha1_base64="nkJ/Xgzr3AtXmgZAOZEg2D3SHPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZKoaZYFNy4r2AekoUymk3bo5MHMjVBCP8ONC0Xc+jXu/BsnbQUVPXDhcM693HtPmAmuwLI+jMra+sbmVnW7trO7t39QPzzqqjSXlHVoKlLZD4ligiesAxwE62eSkTgUrBdOr0u/d8+k4mlyB7OMBTEZJzzilICWfH8QMiDDQs2DYb1hmZ7ruk0HW6Z10dSsJFeO43nYNq0FGmiF9rD+PhilNI9ZAlQQpXzbyiAoiAROBZvXBrliGaFTMma+pgmJmQqKxclzfKaVEY5SqSsBvFC/TxQkVmoWh7ozJjBRv71S/Mvzc4i8oOBJlgNL6HJRlAsMKS7/xyMuGQUx04RQyfWtmE6IJBR0SjUdwten+H/SdUzbMu3by0bLXcVRRSfoFJ0jGzVRC92gNuogilL0gJ7QswHGo/FivC5bK8Zq5hj9gPH2Cf3xka8=</latexit><latexit sha1_base64="nkJ/Xgzr3AtXmgZAOZEg2D3SHPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZKoaZYFNy4r2AekoUymk3bo5MHMjVBCP8ONC0Xc+jXu/BsnbQUVPXDhcM693HtPmAmuwLI+jMra+sbmVnW7trO7t39QPzzqqjSXlHVoKlLZD4ligiesAxwE62eSkTgUrBdOr0u/d8+k4mlyB7OMBTEZJzzilICWfH8QMiDDQs2DYb1hmZ7ruk0HW6Z10dSsJFeO43nYNq0FGmiF9rD+PhilNI9ZAlQQpXzbyiAoiAROBZvXBrliGaFTMma+pgmJmQqKxclzfKaVEY5SqSsBvFC/TxQkVmoWh7ozJjBRv71S/Mvzc4i8oOBJlgNL6HJRlAsMKS7/xyMuGQUx04RQyfWtmE6IJBR0SjUdwten+H/SdUzbMu3by0bLXcVRRSfoFJ0jGzVRC92gNuogilL0gJ7QswHGo/FivC5bK8Zq5hj9gPH2Cf3xka8=</latexit><latexit sha1_base64="nkJ/Xgzr3AtXmgZAOZEg2D3SHPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZKoaZYFNy4r2AekoUymk3bo5MHMjVBCP8ONC0Xc+jXu/BsnbQUVPXDhcM693HtPmAmuwLI+jMra+sbmVnW7trO7t39QPzzqqjSXlHVoKlLZD4ligiesAxwE62eSkTgUrBdOr0u/d8+k4mlyB7OMBTEZJzzilICWfH8QMiDDQs2DYb1hmZ7ruk0HW6Z10dSsJFeO43nYNq0FGmiF9rD+PhilNI9ZAlQQpXzbyiAoiAROBZvXBrliGaFTMma+pgmJmQqKxclzfKaVEY5SqSsBvFC/TxQkVmoWh7ozJjBRv71S/Mvzc4i8oOBJlgNL6HJRlAsMKS7/xyMuGQUx04RQyfWtmE6IJBR0SjUdwten+H/SdUzbMu3by0bLXcVRRSfoFJ0jGzVRC92gNuogilL0gJ7QswHGo/FivC5bK8Zq5hj9gPH2Cf3xka8=</latexit><latexit sha1_base64="nkJ/Xgzr3AtXmgZAOZEg2D3SHPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZKoaZYFNy4r2AekoUymk3bo5MHMjVBCP8ONC0Xc+jXu/BsnbQUVPXDhcM693HtPmAmuwLI+jMra+sbmVnW7trO7t39QPzzqqjSXlHVoKlLZD4ligiesAxwE62eSkTgUrBdOr0u/d8+k4mlyB7OMBTEZJzzilICWfH8QMiDDQs2DYb1hmZ7ruk0HW6Z10dSsJFeO43nYNq0FGmiF9rD+PhilNI9ZAlQQpXzbyiAoiAROBZvXBrliGaFTMma+pgmJmQqKxclzfKaVEY5SqSsBvFC/TxQkVmoWh7ozJjBRv71S/Mvzc4i8oOBJlgNL6HJRlAsMKS7/xyMuGQUx04RQyfWtmE6IJBR0SjUdwten+H/SdUzbMu3by0bLXcVRRSfoFJ0jGzVRC92gNuogilL0gJ7QswHGo/FivC5bK8Zq5hj9gPH2Cf3xka8=</latexit>

DESCRIBED BY 4 INDEPENDENT PARAMETERS, IN PARTICULAR A SINGLE COMPLEX PHASE



TRIANGLE OPENNESS INDICATES HOW LARGE CP IS EXPECTED 
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UNITARITY TRIANGLES

= ⇢(1� �2/2)
<latexit sha1_base64="/v/0if0IYXVW7RehN5SdUqFy8sE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sI6Mwi6EQpuXFawD+iMJZNJ29BMMiQZoQx146+4caGIW//CnX9j2s5CWw8EDufcw809YcKo0o7zbRWWlldW14rrpY3Nre0de3evqUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOryd+64FIRQW/06OEBDHqc9qjGGkjde2DK+jLgai48NRnJhah+8wbn3knXbvsVJ0p4CJxc1IGOepd+8uPBE5jwjVmSKmO6yQ6yJDUFDMyLvmpIgnCQ9QnHUM5iokKsukFY3hslAj2hDSPazhVfycyFCs1ikMzGSM9UPPeRPzP66S6dxlklCepJhzPFvVSBrWAkzpgRCXBmo0MQVhS81eIB0girE1pJVOCO3/yIml6Vdepurfn5ZqX11EEh+AIVIALLkAN3IA6aAAMHsEzeAVv1pP1Yr1bH7PRgpVn9sEfWJ8/nReVAg==</latexit><latexit sha1_base64="/v/0if0IYXVW7RehN5SdUqFy8sE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sI6Mwi6EQpuXFawD+iMJZNJ29BMMiQZoQx146+4caGIW//CnX9j2s5CWw8EDufcw809YcKo0o7zbRWWlldW14rrpY3Nre0de3evqUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOryd+64FIRQW/06OEBDHqc9qjGGkjde2DK+jLgai48NRnJhah+8wbn3knXbvsVJ0p4CJxc1IGOepd+8uPBE5jwjVmSKmO6yQ6yJDUFDMyLvmpIgnCQ9QnHUM5iokKsukFY3hslAj2hDSPazhVfycyFCs1ikMzGSM9UPPeRPzP66S6dxlklCepJhzPFvVSBrWAkzpgRCXBmo0MQVhS81eIB0girE1pJVOCO3/yIml6Vdepurfn5ZqX11EEh+AIVIALLkAN3IA6aAAMHsEzeAVv1pP1Yr1bH7PRgpVn9sEfWJ8/nReVAg==</latexit><latexit sha1_base64="/v/0if0IYXVW7RehN5SdUqFy8sE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sI6Mwi6EQpuXFawD+iMJZNJ29BMMiQZoQx146+4caGIW//CnX9j2s5CWw8EDufcw809YcKo0o7zbRWWlldW14rrpY3Nre0de3evqUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOryd+64FIRQW/06OEBDHqc9qjGGkjde2DK+jLgai48NRnJhah+8wbn3knXbvsVJ0p4CJxc1IGOepd+8uPBE5jwjVmSKmO6yQ6yJDUFDMyLvmpIgnCQ9QnHUM5iokKsukFY3hslAj2hDSPazhVfycyFCs1ikMzGSM9UPPeRPzP66S6dxlklCepJhzPFvVSBrWAkzpgRCXBmo0MQVhS81eIB0girE1pJVOCO3/yIml6Vdepurfn5ZqX11EEh+AIVIALLkAN3IA6aAAMHsEzeAVv1pP1Yr1bH7PRgpVn9sEfWJ8/nReVAg==</latexit><latexit sha1_base64="/v/0if0IYXVW7RehN5SdUqFy8sE=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6sI6Mwi6EQpuXFawD+iMJZNJ29BMMiQZoQx146+4caGIW//CnX9j2s5CWw8EDufcw809YcKo0o7zbRWWlldW14rrpY3Nre0de3evqUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOryd+64FIRQW/06OEBDHqc9qjGGkjde2DK+jLgai48NRnJhah+8wbn3knXbvsVJ0p4CJxc1IGOepd+8uPBE5jwjVmSKmO6yQ6yJDUFDMyLvmpIgnCQ9QnHUM5iokKsukFY3hslAj2hDSPazhVfycyFCs1ikMzGSM9UPPeRPzP66S6dxlklCepJhzPFvVSBrWAkzpgRCXBmo0MQVhS81eIB0girE1pJVOCO3/yIml6Vdepurfn5ZqX11EEh+AIVIALLkAN3IA6aAAMHsEzeAVv1pP1Yr1bH7PRgpVn9sEfWJ8/nReVAg==</latexit>

⌘̄
<latexit sha1_base64="VbgFyAgWyb6DO6J1vLUimgYyfQg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtObud+94kpzRP5YKYpC2IcSR5xisZKj36IKveZwdmgWnPr7gJknXgFqUGB1qD65Q8TmsVMGipQ677npibIURlOBZtV/EyzFOkER6xvqcSY6SBfXDwjF1YZkihRtqQhC/X3RI6x1tM4tJ0xmrFe9ebif14/M9FNkHOZZoZJulwUZYKYhMzfJ0OuGDViaglSxe2thI5RITU2pIoNwVt9eZ10GnXPrXv3V7Vmo4ijDGdwDpfgwTU04Q5a0AYKEp7hFd4c7bw4787HsrXkFDOn8AfO5w/JKJDt</latexit><latexit sha1_base64="VbgFyAgWyb6DO6J1vLUimgYyfQg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtObud+94kpzRP5YKYpC2IcSR5xisZKj36IKveZwdmgWnPr7gJknXgFqUGB1qD65Q8TmsVMGipQ677npibIURlOBZtV/EyzFOkER6xvqcSY6SBfXDwjF1YZkihRtqQhC/X3RI6x1tM4tJ0xmrFe9ebif14/M9FNkHOZZoZJulwUZYKYhMzfJ0OuGDViaglSxe2thI5RITU2pIoNwVt9eZ10GnXPrXv3V7Vmo4ijDGdwDpfgwTU04Q5a0AYKEp7hFd4c7bw4787HsrXkFDOn8AfO5w/JKJDt</latexit><latexit sha1_base64="VbgFyAgWyb6DO6J1vLUimgYyfQg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtObud+94kpzRP5YKYpC2IcSR5xisZKj36IKveZwdmgWnPr7gJknXgFqUGB1qD65Q8TmsVMGipQ677npibIURlOBZtV/EyzFOkER6xvqcSY6SBfXDwjF1YZkihRtqQhC/X3RI6x1tM4tJ0xmrFe9ebif14/M9FNkHOZZoZJulwUZYKYhMzfJ0OuGDViaglSxe2thI5RITU2pIoNwVt9eZ10GnXPrXv3V7Vmo4ijDGdwDpfgwTU04Q5a0AYKEp7hFd4c7bw4787HsrXkFDOn8AfO5w/JKJDt</latexit><latexit sha1_base64="VbgFyAgWyb6DO6J1vLUimgYyfQg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ac2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmKGvTRCSqF6JmgkvWNtwI1ksVwzgUrBtObud+94kpzRP5YKYpC2IcSR5xisZKj36IKveZwdmgWnPr7gJknXgFqUGB1qD65Q8TmsVMGipQ677npibIURlOBZtV/EyzFOkER6xvqcSY6SBfXDwjF1YZkihRtqQhC/X3RI6x1tM4tJ0xmrFe9ebif14/M9FNkHOZZoZJulwUZYKYhMzfJ0OuGDViaglSxe2thI5RITU2pIoNwVt9eZ10GnXPrXv3V7Vmo4ijDGdwDpfgwTU04Q5a0AYKEp7hFd4c7bw4787HsrXkFDOn8AfO5w/JKJDt</latexit>

⌘(1� �2/2)
<latexit sha1_base64="DZ/oSOAZcACGlfhh8GXCF9Ky8Yo=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXViTIOiy4MZlBfuAJpbJ5KYdOnkwMxFK7MJfceNCEbf+hjv/xmmbhbYeGDiccw/3zvFTzqSyrG9jaXlldW29tFHe3Nre2TX39lsyyQSFJk14Ijo+kcBZDE3FFIdOKoBEPoe2P7ye+O0HEJIl8Z0apeBFpB+zkFGitNQzD11QpGrjM5frUEDuc2d87pz2zIpVs6bAi8QuSAUVaPTMLzdIaBZBrCgnUnZtK1VeToRilMO47GYSUkKHpA9dTWMSgfTy6f1jfKKVAIeJ0C9WeKr+TuQkknIU+XoyImog572J+J/XzVR45eUsTjMFMZ0tCjOOVYInZeCACaCKjzQhVDB9K6YDIghVurKyLsGe//IiaTk126rZtxeVulPUUUJH6BhVkY0uUR3doAZqIooe0TN6RW/Gk/FivBsfs9Elo8gcoD8wPn8ApaWUgg==</latexit><latexit sha1_base64="DZ/oSOAZcACGlfhh8GXCF9Ky8Yo=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXViTIOiy4MZlBfuAJpbJ5KYdOnkwMxFK7MJfceNCEbf+hjv/xmmbhbYeGDiccw/3zvFTzqSyrG9jaXlldW29tFHe3Nre2TX39lsyyQSFJk14Ijo+kcBZDE3FFIdOKoBEPoe2P7ye+O0HEJIl8Z0apeBFpB+zkFGitNQzD11QpGrjM5frUEDuc2d87pz2zIpVs6bAi8QuSAUVaPTMLzdIaBZBrCgnUnZtK1VeToRilMO47GYSUkKHpA9dTWMSgfTy6f1jfKKVAIeJ0C9WeKr+TuQkknIU+XoyImog572J+J/XzVR45eUsTjMFMZ0tCjOOVYInZeCACaCKjzQhVDB9K6YDIghVurKyLsGe//IiaTk126rZtxeVulPUUUJH6BhVkY0uUR3doAZqIooe0TN6RW/Gk/FivBsfs9Elo8gcoD8wPn8ApaWUgg==</latexit><latexit sha1_base64="DZ/oSOAZcACGlfhh8GXCF9Ky8Yo=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXViTIOiy4MZlBfuAJpbJ5KYdOnkwMxFK7MJfceNCEbf+hjv/xmmbhbYeGDiccw/3zvFTzqSyrG9jaXlldW29tFHe3Nre2TX39lsyyQSFJk14Ijo+kcBZDE3FFIdOKoBEPoe2P7ye+O0HEJIl8Z0apeBFpB+zkFGitNQzD11QpGrjM5frUEDuc2d87pz2zIpVs6bAi8QuSAUVaPTMLzdIaBZBrCgnUnZtK1VeToRilMO47GYSUkKHpA9dTWMSgfTy6f1jfKKVAIeJ0C9WeKr+TuQkknIU+XoyImog572J+J/XzVR45eUsTjMFMZ0tCjOOVYInZeCACaCKjzQhVDB9K6YDIghVurKyLsGe//IiaTk126rZtxeVulPUUUJH6BhVkY0uUR3doAZqIooe0TN6RW/Gk/FivBsfs9Elo8gcoD8wPn8ApaWUgg==</latexit><latexit sha1_base64="DZ/oSOAZcACGlfhh8GXCF9Ky8Yo=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCXViTIOiy4MZlBfuAJpbJ5KYdOnkwMxFK7MJfceNCEbf+hjv/xmmbhbYeGDiccw/3zvFTzqSyrG9jaXlldW29tFHe3Nre2TX39lsyyQSFJk14Ijo+kcBZDE3FFIdOKoBEPoe2P7ye+O0HEJIl8Z0apeBFpB+zkFGitNQzD11QpGrjM5frUEDuc2d87pz2zIpVs6bAi8QuSAUVaPTMLzdIaBZBrCgnUnZtK1VeToRilMO47GYSUkKHpA9dTWMSgfTy6f1jfKKVAIeJ0C9WeKr+TuQkknIU+XoyImog572J+J/XzVR45eUsTjMFMZ0tCjOOVYInZeCACaCKjzQhVDB9K6YDIghVurKyLsGe//IiaTk126rZtxeVulPUUUJH6BhVkY0uUR3doAZqIooe0TN6RW/Gk/FivBsfs9Elo8gcoD8wPn8ApaWUgg==</latexit>

VudV
⇤
ub + VcdV

⇤
cb + VtdV

⇤
tb = 0

<latexit sha1_base64="RdZ+eLT7tjA2KY24167YJw4ke/w=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIolASKepGKLhxWcGmhTaGyWTSDp1cmDkRSsiLuPFV3LhQxIUb8W2ctqFo6w8DP985hzPn9xLOJJjmt1ZaWl5ZXSuvVzY2t7Z39N09W8apILRFYh6Ljocl5SyiLWDAaScRFIcep21veD2utx+okCyO7mCUUCfE/YgFjGBQyNXrtpulfm7fZye5cl5+qgCZATIFMAPg5Vemq1fNmjmRsWiswlRRoaarf/b8mKQhjYBwLGXXMhNwMiyAEU7zSi+VNMFkiPu0q2yEQyqdbHJdbhwp4htBLNSLwJjQ3xMZDqUchZ7qDDEM5HxtDP+rdVMILp2MRUkKNCLTRUHKDYiNcVSGzwQlwEfKYCKY+qtBBlhgAirQigrBmj950dhnNcusWbf1auO8iKOMDtAhOkYWukANdIOaqIUIekTP6BW9aU/ai/aufUxbS1oxs4/+SPv6AcKRouI=</latexit><latexit sha1_base64="RdZ+eLT7tjA2KY24167YJw4ke/w=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIolASKepGKLhxWcGmhTaGyWTSDp1cmDkRSsiLuPFV3LhQxIUb8W2ctqFo6w8DP985hzPn9xLOJJjmt1ZaWl5ZXSuvVzY2t7Z39N09W8apILRFYh6Ljocl5SyiLWDAaScRFIcep21veD2utx+okCyO7mCUUCfE/YgFjGBQyNXrtpulfm7fZye5cl5+qgCZATIFMAPg5Vemq1fNmjmRsWiswlRRoaarf/b8mKQhjYBwLGXXMhNwMiyAEU7zSi+VNMFkiPu0q2yEQyqdbHJdbhwp4htBLNSLwJjQ3xMZDqUchZ7qDDEM5HxtDP+rdVMILp2MRUkKNCLTRUHKDYiNcVSGzwQlwEfKYCKY+qtBBlhgAirQigrBmj950dhnNcusWbf1auO8iKOMDtAhOkYWukANdIOaqIUIekTP6BW9aU/ai/aufUxbS1oxs4/+SPv6AcKRouI=</latexit><latexit sha1_base64="RdZ+eLT7tjA2KY24167YJw4ke/w=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIolASKepGKLhxWcGmhTaGyWTSDp1cmDkRSsiLuPFV3LhQxIUb8W2ctqFo6w8DP985hzPn9xLOJJjmt1ZaWl5ZXSuvVzY2t7Z39N09W8apILRFYh6Ljocl5SyiLWDAaScRFIcep21veD2utx+okCyO7mCUUCfE/YgFjGBQyNXrtpulfm7fZye5cl5+qgCZATIFMAPg5Vemq1fNmjmRsWiswlRRoaarf/b8mKQhjYBwLGXXMhNwMiyAEU7zSi+VNMFkiPu0q2yEQyqdbHJdbhwp4htBLNSLwJjQ3xMZDqUchZ7qDDEM5HxtDP+rdVMILp2MRUkKNCLTRUHKDYiNcVSGzwQlwEfKYCKY+qtBBlhgAirQigrBmj950dhnNcusWbf1auO8iKOMDtAhOkYWukANdIOaqIUIekTP6BW9aU/ai/aufUxbS1oxs4/+SPv6AcKRouI=</latexit><latexit sha1_base64="RdZ+eLT7tjA2KY24167YJw4ke/w=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIolASKepGKLhxWcGmhTaGyWTSDp1cmDkRSsiLuPFV3LhQxIUb8W2ctqFo6w8DP985hzPn9xLOJJjmt1ZaWl5ZXSuvVzY2t7Z39N09W8apILRFYh6Ljocl5SyiLWDAaScRFIcep21veD2utx+okCyO7mCUUCfE/YgFjGBQyNXrtpulfm7fZye5cl5+qgCZATIFMAPg5Vemq1fNmjmRsWiswlRRoaarf/b8mKQhjYBwLGXXMhNwMiyAEU7zSi+VNMFkiPu0q2yEQyqdbHJdbhwp4htBLNSLwJjQ3xMZDqUchZ7qDDEM5HxtDP+rdVMILp2MRUkKNCLTRUHKDYiNcVSGzwQlwEfKYCKY+qtBBlhgAirQigrBmj950dhnNcusWbf1auO8iKOMDtAhOkYWukANdIOaqIUIekTP6BW9aU/ai/aufUxbS1oxs4/+SPv6AcKRouI=</latexit>

[�3]
<latexit sha1_base64="zZ0yD3lCjly9NW7S/jtSpqorljI=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Y6tHVXcOOygn3AdCyZTKYNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwznncm+On3ImFUIfxtr6xubWdmmnvLu3f3BYOTruyiQThHZIwhPR97GknMW0o5jitJ8KiiOf054/uSr83pQKyZL4Vs1S6kV4FLOQEay05LkDrrMBvstrc29YqSLzslm3nTpEJkINy7YKYjecmgMtrRSoghXaw8r7IEhIFtFYEY6ldC2UKi/HQjHC6bw8yCRNMZngEXU1jXFEpZcvjp7Dc60EMEyEfrGCC/X7RI4jKWeRr5MRVmP52yvEvzw3U2HTy1mcZorGZLkozDhUCSwagAETlCg+0wQTwfStkIyxwETpnsq6hK+fwv9J1zYtZFo3TrVVX9VRAqfgDFwACzRAC1yDNugAAu7BA3gCz8bUeDRejNdldM1YzZyAHzDePgH3d5Iw</latexit><latexit sha1_base64="zZ0yD3lCjly9NW7S/jtSpqorljI=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Y6tHVXcOOygn3AdCyZTKYNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwznncm+On3ImFUIfxtr6xubWdmmnvLu3f3BYOTruyiQThHZIwhPR97GknMW0o5jitJ8KiiOf054/uSr83pQKyZL4Vs1S6kV4FLOQEay05LkDrrMBvstrc29YqSLzslm3nTpEJkINy7YKYjecmgMtrRSoghXaw8r7IEhIFtFYEY6ldC2UKi/HQjHC6bw8yCRNMZngEXU1jXFEpZcvjp7Dc60EMEyEfrGCC/X7RI4jKWeRr5MRVmP52yvEvzw3U2HTy1mcZorGZLkozDhUCSwagAETlCg+0wQTwfStkIyxwETpnsq6hK+fwv9J1zYtZFo3TrVVX9VRAqfgDFwACzRAC1yDNugAAu7BA3gCz8bUeDRejNdldM1YzZyAHzDePgH3d5Iw</latexit><latexit sha1_base64="zZ0yD3lCjly9NW7S/jtSpqorljI=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Y6tHVXcOOygn3AdCyZTKYNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwznncm+On3ImFUIfxtr6xubWdmmnvLu3f3BYOTruyiQThHZIwhPR97GknMW0o5jitJ8KiiOf054/uSr83pQKyZL4Vs1S6kV4FLOQEay05LkDrrMBvstrc29YqSLzslm3nTpEJkINy7YKYjecmgMtrRSoghXaw8r7IEhIFtFYEY6ldC2UKi/HQjHC6bw8yCRNMZngEXU1jXFEpZcvjp7Dc60EMEyEfrGCC/X7RI4jKWeRr5MRVmP52yvEvzw3U2HTy1mcZorGZLkozDhUCSwagAETlCg+0wQTwfStkIyxwETpnsq6hK+fwv9J1zYtZFo3TrVVX9VRAqfgDFwACzRAC1yDNugAAu7BA3gCz8bUeDRejNdldM1YzZyAHzDePgH3d5Iw</latexit><latexit sha1_base64="zZ0yD3lCjly9NW7S/jtSpqorljI=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2Y6tHVXcOOygn3AdCyZTKYNzTxMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwznncm+On3ImFUIfxtr6xubWdmmnvLu3f3BYOTruyiQThHZIwhPR97GknMW0o5jitJ8KiiOf054/uSr83pQKyZL4Vs1S6kV4FLOQEay05LkDrrMBvstrc29YqSLzslm3nTpEJkINy7YKYjecmgMtrRSoghXaw8r7IEhIFtFYEY6ldC2UKi/HQjHC6bw8yCRNMZngEXU1jXFEpZcvjp7Dc60EMEyEfrGCC/X7RI4jKWeRr5MRVmP52yvEvzw3U2HTy1mcZorGZLkozDhUCSwagAETlCg+0wQTwfStkIyxwETpnsq6hK+fwv9J1zYtZFo3TrVVX9VRAqfgDFwACzRAC1yDNugAAu7BA3gCz8bUeDRejNdldM1YzZyAHzDePgH3d5Iw</latexit>
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UNITARITY OF CKM MATRIX, I.E.

ALL TRIANGLES HAVE SAME SURFACE AREA 
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THE CKM PICTURE

SIGNIFICANT IMPROVEMENT ON THE DETERMINATION OF THE CKM PARAMETERS
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CKM PHASE γ

 IS THE PHASE BETWEEN  AND , I.E. REQUIRE INTERFERENCE: γ V*ubVud V*cbVcd

ū

b

c

ū

D0

W−

ū

s

K−

B− V ⇤
cb

ū

b̄

s

ū
K−

u

c̄

D̄0

B−

W−

Vcs

V ⇤
ub

TEXTBOOK CASE: 

INTERFERENCE OCCURS WHEN  AND  DECAY TO SAME FINAL STATED0 D̄0

NEGLIGIBLE THEORETICAL UNCERTAINTY, I.E. , AND CAN PROBE 
EXTREMELY HIGH ENERGY SCALES  TEV

δγ/γ ≈ 𝒪(10−7)
∼ 𝒪(102 − 103)

JHEP 1401 (2014) 051

Vus



Giri, Grossman, Soffer and Zupan (GGSZ)   
deals with self conjugate 3-body final states:  
f = D →KSππ and KSKK  

γ determination: yields observed in regions of DP

PRD 68 (2003) 054018
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CKM PHASE γ

CP-eigenstates (f = ππ, KK):  
GLW - Gronau, London and Wyler  

Quasi-flavour-specific states (f = e.g Kπ):      (ADS) 
Atwood, Dunietz and Soni 

B+

D̄0K+

D0K+

fK+

rDei�D

rBe
i(�B+�)

PLB 253 (1991) 483; PLB 265 (1991) 172

PRL 78 (1997) 3257; PRD 63 (2001) 036005

DETERMINATION OF  FROM  DECAYS: γ B → DK

STRONG PHASE VARIES OVER THE   
3-BODY PHASE SPACE 
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CKM PHASE γ

COMBINATION OF , CHARM MIXING AND CP-VIOLATION PARAMETERSγ

LHCb-CONF-2025-003

235 OBSERVABLES TO DETERMINE 64 PARAMETERS
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CKM PHASE γ

MOST PRECISE DETERMINATION OF  γ = (62 ± 2.6)∘

LHCb-CONF-2025-003

COMPATIBLE WITH CKM FITTER  AND UTFIT  γ = (66.3+0.7
−1.9)

∘ γ = (64.9 ± 1.40)∘

LIKELY WILL ACHIEVED   
WITH DATA ALREADY  COLLECTED 

AT LHCB

σ(γ) < 1∘

SUB-LEVEL PRECISION ACHIEVABLE 
IN THE NEAR FUTURE



SIMULTANEOUS ANALYSIS OF BOTH    
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CKM PHASE γ

LHCb RUN 3 DATA! 1ST MEASUREMENT 
USING THE UPGRADED DETECTOR

LHCb, arXiv:2605.03501
[arXiv:2604.05701, arXiv:2604.05712]

NEW UNBINNED FOURIER WEIGHT METHODOLOGY

BEST SINGLE MEASUREMENT OF γ



FIRST MEASUREMENT OF MIXING-INDUCED 
CP ASYMMETRY IN B0 → π0π0
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THE OTHER PHASES

CKM-  PHASE: PRIME EXAMPLE OF CP 
VIOLATION IN INTERFERENCE BETWEEN 

MIXING AND DECAY

β

 ALSO ENTERS THE GAME!

CKM-  PHASE: DETERMINATION REQUIRES 
DISENTANGLING PENGUIN POLLUTION

α

arXiv:2606.20797
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MULTI-BODY HADRONIC DECAYS

FROM (EXOTIC) SPECTROSCOPY TO CP VIOLATION

LHCb HIGHLIGHTS

Pentaquarks at LHCb

First observation of CP in Charm

[Phys. Rev. Lett. 122 (2019) 211803]

Search for CP in Λ0b → pπ−π+π−

[LHCb-PAPER-2019-028]

Several sources of CP in B+ → π+π−π−

[LHCb-PAPER-2019-018]
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FROM TWO TO MANY HADRONS

EXAMPLE: CP VIOLATION IN TWO-BODY DECAYS

δ and φ are the CP conserving and CP violating 
relative phases between amplitudes  d(u)

b̄

ū

d(u)
π−(π0)

W

u

s̄

K+

B0(B+)

ACP =
|Āf̄ |2 � |Af |2

|Āf̄ |2 + |Af |2
=

2|AT ||AP | sin � sin�
|AT |2 + |AP |2 + 2|AT ||AP | cos � cos�

LIMITED INFORMATION AVAILABLE!

d(u)

b̄

ū

d(u)
π−(π0)

s̄

u

K+

B0(B+)

W

u, c, t

g

a
Penguin diagram (AP)

OBSERVABLES ARE BRANCHING RATIO, ; 
UNKNOWNS, E.G.  AND 

ACP

AT, AP, δ ϕ

Tree diagram (AT)
Vus

V ⇤
ub

MULTI-BODY DECAYS PROVIDE FURTHER INSIGHTS 
INTO THE DYNAMICS OF THE SYSTEM
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THREE-BODY DECAYS

DIRECT ACCESS TO THE UNDERLYING 
DYNAMICS OF THE DECAY

d� ⇠ |Mfi|2d�3 ⇠ |Mfi|2dm2
ijdm

2
jk
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B0 ! K�⇡+⇡0

D0 ! K�⇡+⇡0

(pseudoexperiments)

(pseudoexperiments)

[Laura++,  Comput. Phys. Commun. 231 (2018) 198-242]

RELATIVE PHASE BETWEEN STATES 

SENSITIVITY TO CP VIOLATION EFFECTS 

RESOLVE AMBIGUITIES IN PHASES 

SPECTROSCOPY 

AMPLITUDE ANALYSIS: 
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MULTI-BODY DECAYS 

WITH INCREASED STATISTICS SIMPLIFIED MODELS MIGHT NO LONGER BE SUFFICIENT

Strong dynamics 
CP conserving

CP violating

cl : complex coefficients describing the relative magnitude and phase of the different isobars
Fl : dynamical amplitudes that contain the lineshape and spin-dependence of the hadronic part

Resonance mass term  
(e.g. Breit–Wigner) 

Barrier factors - p, q: momenta  
of bachelor and resonance

Angular probability  
distribution 

Fj(L,m
2
12,m

2
23) = Rj(m

2
12)⇥XL(|~p | r)⇥XL(|~q | r)⇥ Tj(L, ~p, ~q )

<latexit sha1_base64="LVaCsdIfEu5+2z/ht9eEX/lG4hs="></latexit><latexit sha1_base64="E0OQuEth5EsO2rplmCxg2J+kCMM="></latexit><latexit sha1_base64="E0OQuEth5EsO2rplmCxg2J+kCMM="></latexit><latexit sha1_base64="MyEZ/AghHpLMMuha2A8yinkjIsc="></latexit>

A(m2
12,m

2
23) =

NX

j=1

cj Fj(m
2
12,m

2
23)
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AMPLITUDE IS APPROXIMATED AS A COHERENT SUM OF QUASI-BODY CONTRIBUTIONS
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MULTI-BODY DECAYS 

WITH INCREASED STATISTICS SIMPLIFIED MODELS MIGHT NO LONGER BE SUFFICIENT

LESSONS FROM JOSÉ PELÁEZ, PARADIGM SHIFT:

FOR INSTANCE, COUPLED-CHANNELS ANALYSIS, INTRODUCE THRESHOLD BEHAVIOUR, 
ANALYTICITY CONDITIONS (BEYOND BW)

NON-NEGOTIABLES:
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CONVENTIONAL AND EXOTIC SPECTROSCOPY 

CLASSICAL HADRONS: MESONS [QUARK + ANTIQUARK] OR BARYONS [3 QUARKS]  

EXOTIC HADRONS: IN PRINCIPLE ANYTHING ELSE, TETRAQUARK, PENTAQUARK, HEXAQUARK, …

LHCb, BESIII, ATLAS, CMS, Belle, Belle II, BaBar, CDF, D0, ALICE ...

STUDIED BY DIFFERENT EXPERIMENTS:
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A WORD ON THEIR EXOTIC NATURE 

OBSERVED PENTAQUARK ARE USUALLY 
NARROW STATES CLOSE TO BARYON-

MESON THRESHOLDS  

 Λ0
b → J/ψpK−

 B0
s → J/ψpp̄ Ξ−

b → J/ψΛK−

 B− → J/ψΛp̄

HADRONIC MOLECULES? COMPACT 
PENTAQUAKRS? TRIANGLES?

MORE INPUTS NEEDED! MORE DATA, 
DIFFERENT PRODUCTIONS, FINAL STATES

[PRL 122 (2019) 222001, 131 (2023) 031901, 128 (2022) 062001]
[Sci.Bull. 66 (2021) 1278-1287]
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CP VIOLATION HADRONIC 3-BODY DECAYS

LARGE LOCAL ASYMMETRIES OBSERVED IN  WITH  B± → h±h+h− h = π, K
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[Phys. Rev. D 108, 012008 (2023)]

B± ! K±⇡⌥⇡±

B± ! ⇡±⇡⌥⇡±

B± ! K±K⌥K±

B± ! ⇡±K⌥K±



R. Silva Coutinho 28

CP VIOLATION HADRONIC 3-BODY DECAYS
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B± ! ⇡±⇡⌥⇡±

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ
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CP VIOLATION HADRONIC 3-BODY DECAYS
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[Phys. Rev. D 108, 012008 (2023)]

B± ! ⇡±⇡⌥⇡±

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ [Phys. Rev. D 90, 112004 (2014)] 

SIGN SHIFT OF  IN REGIONS 
I-II, INDICATE INTERFERENCE 

BETWEEN S AND P WAVES

ACP
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CP VIOLATION HADRONIC 3-BODY DECAYS
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[Phys. Rev. D 108, 012008 (2023)]

B± ! ⇡±⇡⌥⇡±

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ
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OPPOSITE SIGN ASYMMETRY 
OBSERVED AT LOW  AND  m2

ππ m2
KK

RESCATTERING EFFECTS IN 
COUPLE CHANNELS MIGHT BE 

PRESENTED?

NO TRIVIAL RESONANT 
CONTRIBUTION IN  FOR m2

KK
B+ → K+K−π+
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CP VIOLATION HADRONIC 3-BODY DECAYS

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

N ra
w

A
0 5 10 15

]4c/2 [GeV
low

)−π+π(2m

0

5

10

15

20

25

]4 c/2
 [G

eV
hi

gh
)
− π

+ π(2
m

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

N ra
w

ALHCb
-15.9 fb

[Phys. Rev. D 108, 012008 (2023)]

B± ! ⇡±⇡⌥⇡±

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ

[Bediaga et al. PRD 89, 094013 (2014)]
[ Alvarez-Garrote et al. PRL 130 (2023) 20, 201901]

[Heuser et al, PRL 136 (2026) 11, 111901]

ATTEMPTS TO CONNECT CP VIOLATION 
SEEN IN  AND B+ → K+π+π− B+ → K+K+K−
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CP VIOLATION HADRONIC 3-BODY DECAYS
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[Phys. Rev. D 108, 012008 (2023)]

B± ! ⇡±⇡⌥⇡±

TEXTBOOK OF THE RICH NON-TRIVIAL ANISOTROPY IN THE DALITZ

ENHANCED CP VIOLATION AT 
VERY HIGH !m2

ππ

[Klein et al. JHEP 10, 117 (2017)]

[ Bediaga et al. PLB 806 (2020) 135490]
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CP VIOLATION IN b-BARYONS HADRONIC DECAYS
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Figure 1: Mass distributions of (a) ω0
b→ ωK+K→ and (b) ω0

b→ ωK+K→ decays, with the fit
projections.

for two factors: the asymmetry of the baryon and antibaryon production rates, AP, and
the asymmetry of the final-state detection and selection e!ciencies, Aexp. To reduce
systematic uncertainties, the di”erence between the CP asymmetry of each signal decay
and the ω0

b→ ω+
c (ωε

+)ε→ decay, #ACP , is measured. Assuming there is no CP violation
for the control mode, valid within the experimental uncertainties of this analysis, #ACP

gives the measurement of the CP asymmetry for the signal decay.
The ω0

b production asymmetries in pp collisions at
↑
s = 7TeV and 8TeV have

previously been measured at LHCb [13], but there is no equivalent measurement yet at↑
s = 13TeV. As the ω0

b production asymmetry is expected to be smaller at higher energies
and mostly cancels between the signal and control channel, the AP measured for

↑
s = 8TeV

is used for the #ACP (ω0
b) measurements at

↑
s = 13TeV. Assuming isospin symmetry

between the ϑ0
b and ϑ→

b cross-sections in pp collisions, the ϑ0
b production asymmetry is

taken to be the same as that of the ϑ→
b baryon, which has been measured by the LHCb

experiment [49]. The detection asymmetry encompasses the asymmetries in the final-state
reconstruction, the trigger selection and the PID selection. The reconstruction asymmetries
for pions, kaons and protons have been measured as a function of particle momenta using
control samples of D+→ K0

Sε
+, D+→ K→ε+ε+, D↑+→ D0(→ K→ε+ε+ε→)ε+ decays

[53], and simulated samples of ω0
b → ω+

c (→ pK→ε+)µ→ϖµ decays [13]. The detection
asymmetry for each final-state particle is then weighted by its momentum distribution in
the signal and control modes to get an averaged result, accounting for the kinematics of
both modes. The PID and trigger selection asymmetries are obtained in a similar way
using data [34,35]. The largest detection asymmetry, due to proton reconstruction, mostly
cancels between the signal and control modes. These correction terms #AP and #Aexp

are shown in Table 4 in the End Matter, and are all consistent with zero for ω0
b decays

with uncertainties around 0.002 and 0.010, respectively. The #ACP quantities, integrated

4

 Λ0
b → pK−π+π+

[Nature 643 (2025) 1223]
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End Matter

1 Summary figures and tables for adaptive binnning

scheme

Figure 4 shows the two dimensional mass distributions for (a) ω0
b → ωK+K→, (b)

ω0
b → ωK+ε→, and (c) ω0

b → ωε+ε→, along with the bin boundaries used for the adaptive
binning scheme. Table 3 lists the bin definitions used for each decay mode in the adaptive
binning scheme and the per-bin CP asymmetry measurements.
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Figure 4: Two dimensional mass distributions for (a) ω0
b → ωK+K→, (b) ω0

b → ωK+ε→, and
(c) ω0

b→ ωε+ε→ decays in data. The boundaries for the adaptive binning scheme are drawn as
solid lines.

2 Summary of the fit results

Figure 5 shows the mass spectra used to obtain yields of signal channels for branching
fraction calculations of (a)(b) ω0

b(ϑ
0
b ) → ωK+K→, (c) ω0

b→ ωK+ε→, (d) ϑ0
b → ωK→ε+,

and (e)(f) ω0
b(ϑ

0
b ) → ωK+K→ decay modes. The same BDT classifier is used in selecting

candidates for the ω0
b and ϑ0

b modes, but with a di!erent figure-of-merit (FoM) used to
choose the optimal requirement. Due to the relatively smaller number of ϑ0

b signal yields,
when determining its selection criteria the NS/(

↑
NB + 2.5) FoM method is applied, as

shown in Fig. 5 (b)(d)(f), whereas when studying the ω0
b modes, the NS/

↑
NS +NB FoM

method is applied, as shown in Fig. 5 (a)(c)(e).

9

RICH COMPLEX PHASE SPACE TO BE EXPLORED 
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CP VIOLATION IN CHARM HADRONIC 3-BODY DECAYS

EXPECTED CPV IN THE SM OF THE ORDER OF - , AND SO FAR ONLY SEEN IN 
 AND 

10−3 10−4

D0 → K+K− D0 → π+π−

HUGE STATISTICS AVAILABLE IN CHARM MULTI BODY DECAYS, BUT NO CPV SEEN YET
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RARE DECAYS AS A PROBE OF NEW PHYSICS

A FLAVOUR ANOMALIES STORYTELLING

B0
d,s ! µ+µ�

decays

Very rare decays

B(B0
s ! µ+µ�) = (3.66± 0.14)⇥ 10�9

B(B0 ! µ+µ�) = (1.03± 0.05)⇥ 10�10

[Beneke, Bobeth, Szafron, JHEP10(2019) 232]

Similar predictions using the correlation
with B mixing,
[Buras, Venturini -2109.11032]

• Summer 2020: 3 LHC experiments
combined

• 2.1� from SM in the 2D plane

New LHCb analysis

• Full statistics: 9 fb�1,
two-fold increase in statistics
w.r.t previous analysis

• Branching fractions and e↵ective
lifetime measurement

• Added B0
s ! µ+µ�� search
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F. Dettori Moriond QCD 22 4/18

2023 Status of b → sωω Global Fits
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↭ Again, 2D NP scenarios preferred over SM with PullSM → 4ω

↭ CNP
9µ is the dominant NP scenario

B. Capdevila CKM 2025 17/19
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b s

µ+

µ−

t

γ, Z0

W− b s

µ+

µ−
ν

W− W+

t

FCNC: UNIQUE GLIMPSE TO HIGHER SCALE

[E.G. ENHANCEMENT/SUPPRESSION OF 
DECAY RATE, ANGULAR DISTRIBUTIONS 

AND NEW SOURCES OF CP]

NEW PARTICLES CAN CONTRIBUTE AT LOOP AND/OR TREE LEVEL

RARE DECAYS
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RARE B DECAYS ARE A MULTI-SCALE PROBLEM:  
 
FCNC EFFECTIVE HAMILTONIAN DESCRIBED AS OPE

He↵ = �4GFp
2
VtbV

⇤
ts

X

i

Ci Oi

LOCAL OPERATOR
WILSON COEFFICIENTS

(“EFFECTIVE COUPLING”)

�HNP =


⇤2
NP

Oi

FLAVOUR-VIOLATING COUPLING

NP SCALE

b sW−

t

γ(∗), Z0

l+

l−

b s

l+

l−

C7,C9,10

[+CS,P ]

 

      
[C10, CS , CP ]

[C7, C9, C10]
b ! sl+l�

B0
(s) ! l+l�

<latexit sha1_base64="YQ9ZOY8e0/NlCTWYEH78mBV3qBI="></latexit>

⇤2
NP � mW � mb > ⇤QCD

RARE DECAYS
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The decay  
• One in every billion Bs0 mesons decays into two muons 

6

B0
(s) ! µ+µ�

• For example, like this:

B0
s

u, c, t

W

ū, c̄, t̄
�, Z0

s

b̄

µ+

µ�

B0
s

W�

u, c, t

W+

⌫µ

s

b̄

µ�

µ+

Or this:

• The two things that make this decay special are: 

• Doubly suppressed (Helicity and GIM) 

• Good theoretical uncertainty (Lattice QCD needed for B meson 
decay constant).

arXiv:1703.05747

Clean theoretical predictions

B(B0
s → μ+μ−) = (3.66 ± 0.14) × 10−9

B(B0 → μ+μ−) = (1.03 ± 0.05) × 10−10

SM compatibility is good for puzzle-solving

31

[Straub, arXiv:1107.0266]

<latexit sha1_base64="EMMTCOBvX0n50lroyNyquONTooU="></latexit>
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[Nuovo Cim.C 035N1 (2012) 249]

+ box diagram 

B0
d,s ! µ+µ�

observables

1. Branching fraction
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F. Dettori Moriond QCD 22 29/18

1. BRANCHING FRACTION

2. RATIO OF BRANCHING FRACTIONS

THE GOLDEN CHANNEL  B0
s → μ+μ−
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The decay  
• One in every billion Bs0 mesons decays into two muons 

6

B0
(s) ! µ+µ�

• For example, like this:
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Or this:

• The two things that make this decay special are: 

• Doubly suppressed (Helicity and GIM) 

• Good theoretical uncertainty (Lattice QCD needed for B meson 
decay constant).

arXiv:1703.05747

Clean theoretical predictions

B(B0
s → μ+μ−) = (3.66 ± 0.14) × 10−9

B(B0 → μ+μ−) = (1.03 ± 0.05) × 10−10

SM compatibility is good for puzzle-solving
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[Straub, arXiv:1107.0266]
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2σ exclusion

[Straub, arXiv:1107.0266]
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The decay  
• One in every billion Bs0 mesons decays into two muons 

6
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Or this:

• The two things that make this decay special are: 

• Doubly suppressed (Helicity and GIM) 

• Good theoretical uncertainty (Lattice QCD needed for B meson 
decay constant).

arXiv:1703.05747

Clean theoretical predictions
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s → μ+μ−) = (3.66 ± 0.14) × 10−9

B(B0 → μ+μ−) = (1.03 ± 0.05) × 10−10
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Combined LHC results [today]

[LHCb PRL 128 (2022) 041801, CMS PLB 842 (2023) 1379553, ATLAS JHEP 04 (2019) 098 ]

B(B0
s → μ+μ−) = (3.09 +0.46

−0.43
+0.15
−0.11) × 10−9

B(B0 → μ+μ−) = (1.2 +0.8
−0.7

± 0.1) × 10−10

B(B0
s → μ+μ−) = (3.83 +0.38

−0.36
+0.19
−0.16

+0.14
−0.13) × 10−9

B(B0 → μ+μ−) = (0.37 +0.75
−0.67

+0.08
−0.09) × 10−10

B(B0
s → μ+μ−) = (2.8 +0.8

−0.7) × 10−9

B(B0 → μ+μ−) < 2.1 × 10−10

Current world average 
dominated by LHCb+CMS

THE GOLDEN CHANNEL  B0
s → μ+μ−

0 1 2 3 4 5 6
9−10×

)−µ+µ→s
0B(B

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
9−10×)−

µ+
µ

→0 B(B

SM

LHCb
1−4.4 fb

1−9 fb

contours correspond to 68%, 95%, 99% CL regions
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THE  DECAY MODEB0 → K*0μ+μ−

q2[GeV/c4]
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μ+

μ−
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THE  DECAY MODEB0 → K*0μ+μ−

q2[GeV/c4]
<latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit>
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d
q2

<latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit>

B0 ! K⇤ (2S)
<latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit>

B0 ! K⇤J/ (1S)
<latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit>

B0 ! K⇤DD̄
<latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>
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<latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit>
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Theory nuisance parameters
4

d

b̄

d

s̄

µ
�

µ
+

t̄

W
+

Z
0
, �

Form Factors

b s

d̄ d̄

c̄c

�

`
+

`
�SM cc̄ loop

Form factors

⌅ V (q2), A0,1,2(q2) and T1,2,3(q2) from combined fit of
LCSR [JHEP 08 (2016) 098] and lattice [PRD 89 (2014) 094501]

⌅ Use covariance matrix as multivariate Gaussian constraint

Subleading corrections

⌅ Non-fact. subleading ⇤QCD/mb corrections following
⇥
JHEP 12 (2014) 125
NPB 909 (2016) 737

⇤

⌅ Factors (1 + a0,k,? + b0,k,?
q2

6GeV2 ) to corr. hadronic terms

⌅ Re/Im(ai) (Re/Im(bi)) constrained around 0 with � = ±0.1 (±0.25)
4full list in backup

C. Langenbruch (RWTH), (Re)interpreting LHC results Direct fits

Ce↵
9 = CSM

9 + Ccc̄
9

<latexit sha1_base64="Tiny/29ExBJPjDCSo6Zox1aJcTE="></latexit><latexit sha1_base64="Tiny/29ExBJPjDCSo6Zox1aJcTE="></latexit><latexit sha1_base64="Tiny/29ExBJPjDCSo6Zox1aJcTE="></latexit><latexit sha1_base64="Tiny/29ExBJPjDCSo6Zox1aJcTE="></latexit>
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THE  DECAY MODEB0 → K*0μ+μ−

q2[GeV/c4]
<latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit><latexit sha1_base64="d1WiIt3sSOrVgHFldaD7EyVg1t0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGdiUHMLeNBjBBOFZAw9nUrSpGexu0YMw+DFX/HiQRGvfoU3/8bOgrg9KHi8V0VVPS+SQqNtf1hT0zOzc/OZhezi0vLKam5tva7DWHGo8VCG6tJjGqQIoIYCJVxGCpjvSbjw+sdD/+IGlBZhcI6DCFyfdQPREZyhkVq5zeurpJg2mgi3qPzkBOrpHr9KSqnbyuXtQrm8Xy4WqSFHpf1SmToFe4QvkicTVFu592Y75LEPAXLJtG44doRuwhQKLiHNNmMNEeN91oWGoQHzQbvJ6IWU7hilTTuhMhUgHanfJxLmaz3wPdPpM+zp395Q/M9rxNg5chMRRDFCwMeLOrGkGNJhHrQtFHCUA0MYV8LcSnmPKcbRpJY1Ifx5+S+pFwuOXXDOSvnKwSSODNki22SXOOSQVMgpqZIa4eSOPJAn8mzdW4/Wi/U6bp2yJjMb5Aest0/Q9Zeo</latexit>
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<latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit><latexit sha1_base64="icCTospZtOekMOtZW3n7nlsqo/w="></latexit>

B0 ! K⇤ (2S)
<latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit><latexit sha1_base64="UTFK/GE27kT9+OxvSMZIvOduJr8="></latexit>

B0 ! K⇤J/ (1S)
<latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit><latexit sha1_base64="EhoFvhe7OUxZ17ZDlkJwOXLphlQ="></latexit>

B0 ! K⇤DD̄
<latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit><latexit sha1_base64="YGbFiQTHepZSobDKikk819er0OE=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2MQxMPQEyYmuQXNQfASwSyQjZ5OJ2nSs9DdI4RxDv6KFw+KePU3vPk3dhZBRR8UPN6roqqeG3ImFUIfRmppeWV1Lb2e2djc2t4xd/fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOL6Z+45YKyQL/Rk1C2vHw0GcDRrDSUs88OO/GKGmrAF5149Ok0naxiCtJz8wiq1go2E4eIuusVCg5jib5kpPP2dC20AxZsEC1Z763+wGJPOorwrGULRuFqhNjoRjhNMm0I0lDTMZ4SFua+tijshPP7k/gsVb6cBAIXb6CM/X7RIw9KSeeqzs9rEbytzcV//JakRoUOzHzw0hRn8wXDSIO9bvTMGCfCUoUn2iCiWD6VkhGWGCidGQZHcLXp/B/Us9ZNrLsaydbRos40uAQHIETYIMCKINLUAU1QMAdeABP4Nm4Nx6NF+N13poyFjP74AeMt0+vppXZ</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>

! µ+µ�
<latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit><latexit sha1_base64="pzwoqTDtIcsDgz3nuZlxZFQ2mCY=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCIIakpKbdFdy4rGAf0MQymU7aoZMHMxOlxC78FTcuFHHrb7jzb5y0FVT0wL0czrmXuXP8hFEhTfNDW1hcWl5ZLawV1zc2t7b1nd2WiFOOSRPHLOYdHwnCaESakkpGOgknKPQZafuj89xv3xAuaBxdyXFCvBANIhpQjKSSevq+y+lgKBHn8S10w/T6JG+nPb1kGlXHsewKNI2zmlOzbUUqNbtStqBlmFOUwByNnv7u9mOchiSSmCEhupaZSC9DXFLMyKTopoIkCI/QgHQVjVBIhJdN75/AI6X0YRBzVZGEU/X7RoZCIcahryZDJIfit5eLf3ndVAZVL6NRkkoS4dlDQcqgjGEeBuxTTrBkY0UQ5lTdCvEQcYSliqyoQvj6KfyftMqGZRrWpV2qm/M4CuAAHIJjYAEH1MEFaIAmwOAOPIAn8Kzda4/ai/Y6G13Q5jt74Ae0t082O5Yr</latexit>
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<latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit><latexit sha1_base64="5lDI/LM8XBjUBwehyamvoxggLCM="></latexit>

Ci = CSM
i +CNP

i +Chad
i

<latexit sha1_base64="w3iKgzJW5AuiH0I6r2XmoeBZTPQ="></latexit><latexit sha1_base64="w3iKgzJW5AuiH0I6r2XmoeBZTPQ="></latexit><latexit sha1_base64="w3iKgzJW5AuiH0I6r2XmoeBZTPQ="></latexit><latexit sha1_base64="w3iKgzJW5AuiH0I6r2XmoeBZTPQ="></latexit>
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K+

π−

K∗0 θK

µ+

µ−
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(a) θK and θℓ definitions for the B0 decay
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(b) φ definition for the B0 decay
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(c) φ definition for the B0 decay

h+
1

<latexit sha1_base64="zI7fJdE8OdEwKfjGmsm+2spCq8o=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0UoCCFJQ1t3BTcuK9iHtLFMppN26EwSZiZCCfkKNy4UcevnuPNvnLQVVPTAhcM593LvPX7MqFSW9WEU1tY3NreK26Wd3b39g/LhUVdGicCkgyMWib6PJGE0JB1FFSP9WBDEfUZ6/uwy93v3REgahTdqHhOPo0lIA4qR0tLtdJTa2V16no3KFcu8aNYdtw4t07IatmPnxGm4NRfaWslRASu0R+X34TjCCSehwgxJObCtWHkpEopiRrLSMJEkRniGJmSgaYg4kV66ODiDZ1oZwyASukIFF+r3iRRxKefc150cqan87eXiX94gUUHTS2kYJ4qEeLkoSBhUEcy/h2MqCFZsrgnCgupbIZ4igbDSGZV0CF+fwv9J1zHtmulcu5VWdRVHEZyAU1AFNmiAFrgCbdABGHDwAJ7AsyGMR+PFeF22FozVzDH4AePtE/a5kHE=</latexit>

h�
2

<latexit sha1_base64="6ynLokSpUspRAX5mE1Ra/7ioUSA=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0XoxpCkoa27ghuXFexD2lgm00k7dCYJMxOhhHyFGxeKuPVz3Pk3TtoKKnrgwuGce7n3Hj9mVCrL+jAKa+sbm1vF7dLO7t7+QfnwqCujRGDSwRGLRN9HkjAako6iipF+LAjiPiM9f3aZ+717IiSNwhs1j4nH0SSkAcVIael2Okqd7C49z0blimVeNOuOW4eWaVkN27Fz4jTcmgttreSogBXao/L7cBzhhJNQYYakHNhWrLwUCUUxI1lpmEgSIzxDEzLQNEScSC9dHJzBM62MYRAJXaGCC/X7RIq4lHPu606O1FT+9nLxL2+QqKDppTSME0VCvFwUJAyqCObfwzEVBCs21wRhQfWtEE+RQFjpjEo6hK9P4f+k65h2zXSu3UqruoqjCE7AKagCGzRAC1yBNugADDh4AE/g2RDGo/FivC5bC8Zq5hj8gPH2CftMkHQ=</latexit>

H
0

<latexit sha1_base64="GizZBatLv67gix+Jw933tWwW5rg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0VJIq6LHgpccK9gPaWDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbF6wGnC/YiOlAgFo2ilVuMxc2eDUtmtuguQdeLlpAw5moPSV38YszTiCpmkxvQ8N0E/oxoFk3xW7KeGJ5RN6Ij3LFU04sbPFsfOyKVVhiSMtS2FZKH+nshoZMw0CmxnRHFsVr25+J/XSzG89TOhkhS5YstFYSoJxmT+ORkKzRnKqSWUaWFvJWxMNWVo8ynaELzVl9dJu1b1rqq1++tyvZLHUYBzuIAKeHADdWhAE1rAQMAzvMKbo5wX5935WLZuOPnMGfyB8/kDfTaOZA==</latexit>

[Angular distributions]
<latexit sha1_base64="3HdrQLjV4+B+/7BQfo63vzBrgb4=">AAACCXicdVDLSsNAFJ34rPVVdelmsAiuQh71sVTcuKxgq9CGMplM6uBkEmZuxBLq0o2/4saFIm79A3f+jZO2gooeuHA4517uvSfMBNfgOB/W1PTM7Nx8ZaG6uLS8slpbW2/rNFeUtWgqUnUREs0El6wFHAS7yBQjSSjYeXh1XPrn10xpnsozGGQsSEhf8phTAkbq1XCnC+wGAIoj2c8FUbeRWap4mJe+Hga9Wt2x3YNdZ28fO7bn+43dkvie5xvi2s4IdTRBs1d770YpzRMmgQqidcd1MggKooBTwYbVbq5ZRugV6bOOoZIkTAfF6JMh3jZKhONUmZKAR+r3iYIkWg+S0HQmBC71b68U//I6OcQHQcFllgOTdLwozgWGFJex4IgrRkEMDCFUcXMrppdEEQomvKoJ4etT/D9pe7br295po37YmMRRQZtoC+0gF+2jQ3SCmqiFKLpDD+gJPVv31qP1Yr2OW6esycwG+gHr7RPyR5u+</latexit>

Differential in q2

%4b→sũũ 2019 P. Álvarez Cartelle (ICL)

• Perform the measurement in bins of q2 ≡ m(ũũ) 
 

 

• Veto the q2 regions close to  
the resonances         where  
the charm-loop dominates
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+ long distance cc̄
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1 6 154m(`)2 [GeV2]

1

2

3

low-q2: [0.045, 1.1] GeV2/c4

central-q2: [1.1, 6] GeV2/c4
[Branching ratio]

<latexit sha1_base64="fNO++Ia39ALU33N+nnETrosrRHA=">AAACA3icdVDLSgNBEJz1bXxFvellMAieln0kxqPoxaOCeUCyhNnJJBmcnV1mesWwRLz4K148KOLVn/Dm3zibRFDRgoaiqpvurjARXIPjfFgzs3PzC4tLy4WV1bX1jeLmVl3HqaKsRmMRq2ZINBNcshpwEKyZKEaiULBGeHWa+41rpjSP5SUMExZEpC95j1MCRuoUd1ptYDcAkJ0oIumAy/6tyr1R0CmWHNs9qjiHVezYnu+XKznxPc83xLWdMUpoivNO8b3djWkaMQlUEK1brpNAkBEFnAo2KrRTzRJCr0iftQyVJGI6yMY/jPC+Ubq4FytTEvBY/T6RkUjrYRSazojAQP/2cvEvr5VC7yjIuExSYJJOFvVSgSHGeSC4yxWjIIaGEKq4uRXTAVGEgomtYEL4+hT/T+qe7fq2d1EuHZencSyhXbSHDpCLqugYnaFzVEMU3aEH9ISerXvr0XqxXietM9Z0Zhv9gPX2CbNgmNA=</latexit>
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<latexit sha1_base64="e2MJ0b2u2nvH0YkR2WNLpIDl0Qo="></latexit><latexit sha1_base64="e2MJ0b2u2nvH0YkR2WNLpIDl0Qo="></latexit><latexit sha1_base64="e2MJ0b2u2nvH0YkR2WNLpIDl0Qo="></latexit><latexit sha1_base64="e2MJ0b2u2nvH0YkR2WNLpIDl0Qo="></latexit>

B0 ! K⇤0[K⇡]µ+µ�
<latexit sha1_base64="/87IEEWYZd04v/MHBlzxWRqplgQ=">AAACCXicdVBLSwMxGMzWV62vVY9egkUQxZItih48FL0IvVSwrbC7Ldk024ZmHyRZoSx79eJf8eJBEa/+A2/+G7NtBZ8DCcPM95HMeDFnUiH0bhRmZufmF4qLpaXlldU1c32jJaNEENokEY/EtYcl5SykTcUUp9exoDjwOG17w/Pcb99QIVkUXqlRTN0A90PmM4KVlromPOukKIOOimC9k+6hzK47MXOdIOns59dB1yyjSvUIacDfxKqgMcpgikbXfHN6EUkCGirCsZS2hWLlplgoRjjNSk4iaYzJEPeprWmIAyrddJwkgzta6UE/EvqECo7VrxspDqQcBZ6eDLAayJ9eLv7l2YnyT9yUhXGiaEgmD/kJhzp3XgvsMUGJ4iNNMBFM/xWSARaYKF1eSZfwmRT+T1rVioUq1uVhuXY6raMItsA22AUWOAY1cAEaoAkIuAX34BE8GXfGg/FsvExGC8Z0ZxN8g/H6AaazmQQ=</latexit><latexit sha1_base64="/87IEEWYZd04v/MHBlzxWRqplgQ=">AAACCXicdVBLSwMxGMzWV62vVY9egkUQxZItih48FL0IvVSwrbC7Ldk024ZmHyRZoSx79eJf8eJBEa/+A2/+G7NtBZ8DCcPM95HMeDFnUiH0bhRmZufmF4qLpaXlldU1c32jJaNEENokEY/EtYcl5SykTcUUp9exoDjwOG17w/Pcb99QIVkUXqlRTN0A90PmM4KVlromPOukKIOOimC9k+6hzK47MXOdIOns59dB1yyjSvUIacDfxKqgMcpgikbXfHN6EUkCGirCsZS2hWLlplgoRjjNSk4iaYzJEPeprWmIAyrddJwkgzta6UE/EvqECo7VrxspDqQcBZ6eDLAayJ9eLv7l2YnyT9yUhXGiaEgmD/kJhzp3XgvsMUGJ4iNNMBFM/xWSARaYKF1eSZfwmRT+T1rVioUq1uVhuXY6raMItsA22AUWOAY1cAEaoAkIuAX34BE8GXfGg/FsvExGC8Z0ZxN8g/H6AaazmQQ=</latexit><latexit sha1_base64="/87IEEWYZd04v/MHBlzxWRqplgQ=">AAACCXicdVBLSwMxGMzWV62vVY9egkUQxZItih48FL0IvVSwrbC7Ldk024ZmHyRZoSx79eJf8eJBEa/+A2/+G7NtBZ8DCcPM95HMeDFnUiH0bhRmZufmF4qLpaXlldU1c32jJaNEENokEY/EtYcl5SykTcUUp9exoDjwOG17w/Pcb99QIVkUXqlRTN0A90PmM4KVlromPOukKIOOimC9k+6hzK47MXOdIOns59dB1yyjSvUIacDfxKqgMcpgikbXfHN6EUkCGirCsZS2hWLlplgoRjjNSk4iaYzJEPeprWmIAyrddJwkgzta6UE/EvqECo7VrxspDqQcBZ6eDLAayJ9eLv7l2YnyT9yUhXGiaEgmD/kJhzp3XgvsMUGJ4iNNMBFM/xWSARaYKF1eSZfwmRT+T1rVioUq1uVhuXY6raMItsA22AUWOAY1cAEaoAkIuAX34BE8GXfGg/FsvExGC8Z0ZxN8g/H6AaazmQQ=</latexit><latexit sha1_base64="/87IEEWYZd04v/MHBlzxWRqplgQ=">AAACCXicdVBLSwMxGMzWV62vVY9egkUQxZItih48FL0IvVSwrbC7Ldk024ZmHyRZoSx79eJf8eJBEa/+A2/+G7NtBZ8DCcPM95HMeDFnUiH0bhRmZufmF4qLpaXlldU1c32jJaNEENokEY/EtYcl5SykTcUUp9exoDjwOG17w/Pcb99QIVkUXqlRTN0A90PmM4KVlromPOukKIOOimC9k+6hzK47MXOdIOns59dB1yyjSvUIacDfxKqgMcpgikbXfHN6EUkCGirCsZS2hWLlplgoRjjNSk4iaYzJEPeprWmIAyrddJwkgzta6UE/EvqECo7VrxspDqQcBZ6eDLAayJ9eLv7l2YnyT9yUhXGiaEgmD/kJhzp3XgvsMUGJ4iNNMBFM/xWSARaYKF1eSZfwmRT+T1rVioUq1uVhuXY6raMItsA22AUWOAY1cAEaoAkIuAX34BE8GXfGg/FsvExGC8Z0ZxN8g/H6AaazmQQ=</latexit>

spin-1
<latexit sha1_base64="2nu9FTms4JO24aXNUXAFBZgV9As=">AAAB+HicdVDLSgNBEJz1GeMjUY9eBoPgxWU2G5McA148RjAPSEKYnUySwdnZZaZXjEu+xIsHRbz6Kd78GycPQUULGoqqbrq7glgKA4R8OCura+sbm5mt7PbO7l4uv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBXcXMz81i3XRkTqGiYx74V0pMRQMApW6udzXeB3oMPUxEKdedN+vkDcctXziz4mrl/yK5WyJcWqT84J9lwyRwEtUe/n37uDiCUhV8AkNabjkRh6KdUgmOTTbDcxPKbsho54x1JFQ2566fzwKT6xygAPI21LAZ6r3ydSGhozCQPbGVIYm9/eTPzL6yQwrPZSoeIEuGKLRcNEYojwLAU8EJozkBNLKNPC3orZmGrKwGaVtSF8fYr/J82i6xHXuyoVaqVlHBl0hI7RKfJQBdXQJaqjBmIoQQ/oCT07986j8+K8LlpXnOXMIfoB5+0TbW+Tig==</latexit><latexit sha1_base64="2nu9FTms4JO24aXNUXAFBZgV9As=">AAAB+HicdVDLSgNBEJz1GeMjUY9eBoPgxWU2G5McA148RjAPSEKYnUySwdnZZaZXjEu+xIsHRbz6Kd78GycPQUULGoqqbrq7glgKA4R8OCura+sbm5mt7PbO7l4uv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBXcXMz81i3XRkTqGiYx74V0pMRQMApW6udzXeB3oMPUxEKdedN+vkDcctXziz4mrl/yK5WyJcWqT84J9lwyRwEtUe/n37uDiCUhV8AkNabjkRh6KdUgmOTTbDcxPKbsho54x1JFQ2566fzwKT6xygAPI21LAZ6r3ydSGhozCQPbGVIYm9/eTPzL6yQwrPZSoeIEuGKLRcNEYojwLAU8EJozkBNLKNPC3orZmGrKwGaVtSF8fYr/J82i6xHXuyoVaqVlHBl0hI7RKfJQBdXQJaqjBmIoQQ/oCT07986j8+K8LlpXnOXMIfoB5+0TbW+Tig==</latexit><latexit sha1_base64="2nu9FTms4JO24aXNUXAFBZgV9As=">AAAB+HicdVDLSgNBEJz1GeMjUY9eBoPgxWU2G5McA148RjAPSEKYnUySwdnZZaZXjEu+xIsHRbz6Kd78GycPQUULGoqqbrq7glgKA4R8OCura+sbm5mt7PbO7l4uv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBXcXMz81i3XRkTqGiYx74V0pMRQMApW6udzXeB3oMPUxEKdedN+vkDcctXziz4mrl/yK5WyJcWqT84J9lwyRwEtUe/n37uDiCUhV8AkNabjkRh6KdUgmOTTbDcxPKbsho54x1JFQ2566fzwKT6xygAPI21LAZ6r3ydSGhozCQPbGVIYm9/eTPzL6yQwrPZSoeIEuGKLRcNEYojwLAU8EJozkBNLKNPC3orZmGrKwGaVtSF8fYr/J82i6xHXuyoVaqVlHBl0hI7RKfJQBdXQJaqjBmIoQQ/oCT07986j8+K8LlpXnOXMIfoB5+0TbW+Tig==</latexit><latexit sha1_base64="2nu9FTms4JO24aXNUXAFBZgV9As=">AAAB+HicdVDLSgNBEJz1GeMjUY9eBoPgxWU2G5McA148RjAPSEKYnUySwdnZZaZXjEu+xIsHRbz6Kd78GycPQUULGoqqbrq7glgKA4R8OCura+sbm5mt7PbO7l4uv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBXcXMz81i3XRkTqGiYx74V0pMRQMApW6udzXeB3oMPUxEKdedN+vkDcctXziz4mrl/yK5WyJcWqT84J9lwyRwEtUe/n37uDiCUhV8AkNabjkRh6KdUgmOTTbDcxPKbsho54x1JFQ2566fzwKT6xygAPI21LAZ6r3ydSGhozCQPbGVIYm9/eTPzL6yQwrPZSoeIEuGKLRcNEYojwLAU8EJozkBNLKNPC3orZmGrKwGaVtSF8fYr/J82i6xHXuyoVaqVlHBl0hI7RKfJQBdXQJaqjBmIoQQ/oCT07986j8+K8LlpXnOXMIfoB5+0TbW+Tig==</latexit>
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Consistently low B found for b→ sµ+µ↑ decays
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LHCb ε0
b→ !µ+µ↑ [JHEP 06 (2015) 115]

↭ Data consistently below SM predictions, tensions at 1–3ϑ level
↭ Important results from Lattice QCD [HPQCD, PRD 107 (2023) 1]

↭ B(ε0

b→ J/ϖ!) update (6.3±1.3)↓10→4 to (3.34±0.31)↓10→4
[arXiv:2509.12805]

Nb. [PRD 101 (2020) 035023] derived (3.7±1.0)↓10→4 using f!b from TeVatron only

C. Langenbruch (Heidelberg University), 06.11.2025 b→ sωω decays
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FIG. 3. Di!erential branching fraction for B+
→ K+ω+ω→,

with our result in blue, compared with experimental re-
sults [15, 16, 18, 19, 21, 23]. Note that Belle ’19, and LHCb
’14C and ’21 have ω = e, whilst otherwise ω = µ. Horizontal
error bars indicate bin widths.
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FIG. 4. Di!erential branching fraction for B0
→ K0ω+ω→,

with our result in blue, compared with experimental re-
sults [16, 17, 19]. All experimental results take ω = µ. Hori-
zontal error bars indicate bin widths.

FIG. 5. Di!erential branching fraction for B → Kω+ω→, with
our result in blue, compared with experimental results [12,
14, 16]. CDF ’11 takes ω = µ, whilst Belle ’09 and Babar ’12
do not di!erentiate e from µ. Horizontal error bars indicate
bin widths.

FIG. 6. Comparison of branching fractions with recent exper-
imental results [15, 19, 23] in low and high regions of q2 away
from the charmonium resonance region. Here we show the
ratio of the experimental branching fraction to our results,
compared to the black vertical line at the value 1. The error
bars are 5ε long, with markers at 1, 3 and 5ε. Note that the
ε here are for the ratio, so not the same as those calculated
for the di!erence in Table III. On the right, labels indicate
the colours of the q2 bins in units of GeV2. No uncertainty
from QED is included in this plot.

tions to Ce!,0
9 detailed in Appendix B. The black ver-

tical bands indicate regions vetoed because of the J/ω
and ω(2S) resonances, not included in our calculation.
As discussed in Section IIA 3, our result is interpolated
across these regions and the gap between them.
Experimental results for decays to electrons, muons or

both (averaged) are displayed in each case as coloured
points, with the results shown for each experimental q2

bin. The horizontal error bars on the experimental re-
sults reflect the width of the bin. Some of the experi-
mental results are for ε = e and some for ε = µ; our
results are insensitive to the di!erence. The experiments
ignore data taken in the black vetoed regions, but there
are results in between these regions. However, we cannot
make a reliable comparison between our short-distance
SM results and the experimental results between the ve-
toed regions.
Figures 3, 4 and 5 show that our results are somewhat

higher than experiment in most cases, particularly in the
region 4 → q2/GeV2

→ 8.68. This is most clearly visible
in Figure 3, where the tension between our result and the
most precise data from LHCb is obvious.
To examine this tension in more detail, we integrate

over two well-behaved q2 regions, one above and one be-
low the cc resonances, as discussed in Section IIA 3. For
these regions we can make a reliable comparison with ex-
periment. We show the results in Table III; these consti-
tute our main numerical results. In Table III, we compare
our branching fractions with the most recent experimen-
tal results available for B ↑ Ke+e→ and B ↑ Kµ+µ→.
Note that our relative uncertainties are comparable to
those from the experiments for most of the values. We
have larger uncertainties than those for LHCb ’14A for
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FIG. 6. Comparison of branching fractions with recent exper-
imental results [15, 19, 23] in low and high regions of q2 away
from the charmonium resonance region. Here we show the
ratio of the experimental branching fraction to our results,
compared to the black vertical line at the value 1. The error
bars are 5ε long, with markers at 1, 3 and 5ε. Note that the
ε here are for the ratio, so not the same as those calculated
for the di!erence in Table III. On the right, labels indicate
the colours of the q2 bins in units of GeV2. No uncertainty
from QED is included in this plot.

tions to Ce!,0
9 detailed in Appendix B. The black ver-

tical bands indicate regions vetoed because of the J/ω
and ω(2S) resonances, not included in our calculation.
As discussed in Section IIA 3, our result is interpolated
across these regions and the gap between them.
Experimental results for decays to electrons, muons or

both (averaged) are displayed in each case as coloured
points, with the results shown for each experimental q2

bin. The horizontal error bars on the experimental re-
sults reflect the width of the bin. Some of the experi-
mental results are for ε = e and some for ε = µ; our
results are insensitive to the di!erence. The experiments
ignore data taken in the black vetoed regions, but there
are results in between these regions. However, we cannot
make a reliable comparison between our short-distance
SM results and the experimental results between the ve-
toed regions.
Figures 3, 4 and 5 show that our results are somewhat

higher than experiment in most cases, particularly in the
region 4 → q2/GeV2

→ 8.68. This is most clearly visible
in Figure 3, where the tension between our result and the
most precise data from LHCb is obvious.
To examine this tension in more detail, we integrate

over two well-behaved q2 regions, one above and one be-
low the cc resonances, as discussed in Section IIA 3. For
these regions we can make a reliable comparison with ex-
periment. We show the results in Table III; these consti-
tute our main numerical results. In Table III, we compare
our branching fractions with the most recent experimen-
tal results available for B ↑ Ke+e→ and B ↑ Kµ+µ→.
Note that our relative uncertainties are comparable to
those from the experiments for most of the values. We
have larger uncertainties than those for LHCb ’14A for
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[LHCb, JHEP 06 (2014) 133, 11 (2016) 047, 06 (2015) 115, PRL 127 (2021) 151801, CMS, PLB 753 (2016) 424] 

IMPORTANT RESULTS FROM LATTICE QCD [HPQCD, PRD 107 (2023) 1] AND UPDATE ON Λ0
b → J/ψΛ

 DECAY  RATESb → sμ+μ−

B+ ! K+µ+µ�
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B0 ! K0µ+µ�
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[CMS-PAS-BPH-24-005 (in preparation)] 

 DECAY  RATESb → sμ+μ−
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[LHCb, JHEP 06 (2014) 133, 11 (2016) 047, 06 (2015) 115, PRL 127 (2021) 151801, CMS, PLB 753 (2016) 424] 

SIMILAR DISCREPANCY WRT THE SM 
PREDICTIONS + OTHER CHANNELS

 ANGULAR ANALYSESb → sμ+μ−
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)+LHCb (B

Belle
ATLAS

CMS

(IN)FAMOUS P′￼5

LEADING FORM FACTORS 
UNCERTAINTIES ARE CANCELLED

(10TH + 3) YEAR ANNIVERSARY!

P 0
5 =

S5p
FL(1� FL)

[W. Altmannshofer, D. Straub, EPJC 75 (2015) 8]

[S. Descotes-Genon, L. Hofer, J. Matias, J. Virto, JHEP 12 (2014) 125]

[JHEP 1204 (2012) 104] 
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[LHCb, PRL 125 (2020) 011802, CMS, PRB 864 (2025) 139406] 

 ANGULAR ANALYSESb → sμ+μ−

Martino Borsato - U. Milano-Bicocca

The  datasetB0 ′ K*ττ

๏ LHCb has performed several angular 
analyses with different levels of model 
dependence
• 4.7/fb Binned CP-averaged observables 

[PRL 125 (2020)1,011802]

• 4.7/fb Ampl.Ana based on z-expansion  
[PRL 132 (2024) 131801]+ [PRD 109 (2024) 052009]

• 8.4/fb Ampl.Ana with dispersion model  
[JHEP 09 (2024) 026]

๏ Anomaly in  not covered by fit models 
allowing for long-distance effects

C9

17

New physics?
Is this all NP?

• Is effect from long-distance charm loop
fully accounted for?

b s

`
`

c c̄

Ceff
9 = CSM

9 + Ccc̄
9 + CNP

9

• Fit long-distance physics in the data?
• Unaccounted for long-distance effects

under debate [arXiv:2507.17824]

[PRD 109 (2024) 052009] [PRL 132 (2024) 131801]
[JHEP 09 (2024) 026]

Fitted long-distance effects do not cover
shift in C9

B0 ! K⇤0
µ
+
µ
� 9 September 2025 8 / 38

Figure 2: The 1 and 2ω confidence level (C.L.) of the {C9, C10} fit to angular B → K→µ+µ↑

observables (without [6, 8] and [6., 8.68] GeV2 bins), using the measurements from LHCb [7] and
CMS [47] separately. The fits lead to PullSM of 2.3 and 1.8ω, respectively.

.

Figure 3: The 1ω and 2ω C.L. regions for the {C9, C10} fit to angular observables in B →
K→µ+µ↑, when a fit to the LHCb measurements [7] with and without CMS data [47] (excluding
the q2 ↑ [6, 8.68] GeV2 bins in both cases) is made, with PullSM of 2.3 and 2.8ω, respectively.

Finally, we test whether the choice of the normalised P
(↓)
i observables instead of the

Si observables makes a di!erence. Figure 5 shows that although the central value shifts,

6

Fit by T.Hurth et al arXiv:2508.09986

Deviation in  Wilson coeff confirmed by CMSC9

Long distance effects from  
under debate in the literature 
[arXiv:2507.17824] and many others

b ′ scc̄

LHCb: PRL 125 (2020)1,011802 
CMS: PRB 864 (2025) 139406

(IN)FAMOUS P′￼5

CMS RUN 2 RESULTS ARE CONSISTENT WITH PREVIOUS LHCB ONE AND PATTERN OF 
DISCREPANCY WRT THE SM

LHCb B0 PRL 125, 011802 (2020) . LHCb B+  PRL 161802 (2021)  ATLAS: JHEP 10 (2018) 047 

24

Example: analysis of B0 → K*0[ → K+ℓ−]γ+γ−

PΓ 

5

Belle: PRL 118 (2017),  CMS  Phys. Lett. B 864 (2025) 139406

CMS  Phys. Lett. B 864 (2025) 139406
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[LHCb-PAPER-2025-041 (in preparation), CMS, PRB 864 (2025) 139406] 

 ANGULAR ANALYSESb → sμ+μ−

(IN)FAMOUS P′￼5

 IN EXCELLENT AGREEMENT WITH 
BOTH CMS AND PREVIOUS LHCB

P′￼5

Angular analysis of B0→ K→0µ+µ↑
13 / 29

Results: P →
5 (config 2)
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SM from ABCDMN:2024
SM from EOS (GRvDV:2022)

-1LHCb 8.4 fb ABCDMN:
[EPJC 83 (2023) 648]

GRvDV:
[EPJC 82 (2022) 569]
[JHEP 09 (2022) 133]

↭ P →
5 in excellent agreement with both CMS and previous LHCb

↭ Local deviations 2.7 (2.6) and 3.1 (2.7) ω in [4, 6] and [6, 8] GeV2

for EOS (ABCDMN)

LHCb-PAPER-2025-041, in preparation

C. Langenbruch (Heidelberg University), 06.11.2025 b→ sωω decays

Angular analysis of B0→ K→0µ+µ↑
14 / 29

Results: AFB (config 1)

0 5 10 15
]4c/2 [GeV2q
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0

0.5FBA
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S)

ψ/J

(2
S)

ψ

-1  LHCb 8.4 fb
-1  LHCb 4.7 fb

SM from FLAVIO (BSZ:2015)
SM from EOS (GRvDV:2022)

-1LHCb 8.4 fb

BSZ:
[arXiv:1810.08132]
[JHEP 08 (2016) 098]

GRvDV:
[EPJC 82 (2022) 569]
[JHEP 09 (2022) 133]

↭ Tensions now also more pronounced in AFB

↭ Local deviations 2.5 (2.2) and 1.9 (1.7) ω in [2.5, 4] and [4, 6] GeV2

for EOS (Flavio)

LHCb-PAPER-2025-041, in preparation

C. Langenbruch (Heidelberg University), 06.11.2025 b→ sωω decays
[N. Gubernari, M. Reboud, D. Van Dyk, J. Virto, JHEP 09 (2022) 133]

[M. Algueró, A. Biswas, B. Capdevila, S. Descotes-Genon, J. Matias, M. Novoa-Brunet, EPJC 83 (2023) 7, 648

 TENSION NOW ARE ALSO MORE 
PRONOUNCED IN AFB
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[LHCb, PRL 132 (2024) 131801, PRD 109 (2024) 052009), JHEP 09 (2024) 026] 

 AMPLITUDE ANALYSESb → sμ+μ−
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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>

15
<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>
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     [Angular]: AFB, FL, P’5, … 
[Amplitude]: C9, C10, hadronic terms …

Angular analysis of B0→ K→0µ+µ↑
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TO “BIN” OR NOT TO “BIN” Z-EXPANSION

ISOBAR MODEL

EXCELLENT AGREEMENT WITH 
ANGULAR ANALYSES
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[LHCb, JHEP 09 (2024) 026] 

 AMPLITUDE ANALYSESb → sμ+μ−

Martino Borsato - U. Milano-Bicocca

The  datasetB0 ′ K*ττ

16

JHEP 09 (2024) 026

AN “ISOBAR MODEL” APPROACH:

Ceff,λ
9 (q2) = Cμ

9 + Y (0),λ
cc̄ + (Y1P,λ

cc̄ (q2) + Y1P,λ
light (q

2)) + Y2P,λ
cc̄ (q2) + Yττ̄(q2)
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ON THE THEORETICAL UNCERTAINTIES

LIGHT-CONE SUM RULES 

LATTICE QCD

LOCAL FORM FACTORS (FFS) CONSTRAINED TO: 

[Gubernari, Kokulu, van Dyk; JHEP 01 (2019) 150]

[Horgan, Liu, meinel, Wingate;   
PRD 89 (2014) 094501 

PoS LATTICE2014 (2015) 372]

°15 °10 °5 0 5 10 15

q2 [GeV2]

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A
B
!
K

§
1

(q
2
)

EOS v1.0.7

This work N = 3

LQCD only

LCSR (GKvD 2018)

LQCD (HLMW 2015)

[Gubernari, Reboud, van Dyk, Virto; arXiv:2305.06301]

EXPLOIT ANALYTICAL PROPERTIES OF HADRONIC MATRIX, I.E. 
ANALYCITY, UNITARITY AND KNOWN RESONANCES

BOBETH, CHRZASZCZ, VAN DYK, VIRTO; EPJC 78 (2018) 451  
GUBERNARI, VAN DYK, VIRTO; JHEP 02 (2021) 088  

GUBERNARI, REBOUD, VAN DYK, VIRTO; JHEP 09 (2022) 133 
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ARE WE GOING TO BE ABLE TO CLAIM NEW PHYSICS?

2023 Status of b → sωω Global Fits
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↭ Again, 2D NP scenarios preferred over SM with PullSM → 4ω

↭ CNP
9µ is the dominant NP scenario

B. Capdevila CKM 2025 17/19

Charm Rescattering

↭ Triangular diagrams generate anomalous branch cuts in q2

↭ These anomalous branch cuts might not be accounted for in the dispersive bound
M. Ciuchini, M. Fedele, E. Franco, L. Silvestrini, A. Paul, M. Valli, arXiv:2212.10516

B. Capdevila CKM 2025 12/19

[Ciuchini, Fedele, Franco, Paul, Silvestrini, Valli, 2212.10516] 

HADRONIC PHYSICS COMES AGAIN!                   
CHARM RE-SCATTERING MIGHT NOT BE 

ACCOUNTED IN CURRENT CALCULATIONS

A HIGH LEVEL OF CONSPIRACY SEEMS TO BE REQUIRED TO 
EXPLAIN THE ANOMALIES DUE TO THESE CONTRIBUTIONS

Isidori, Polonsky, Tinari, 2405.17551, 2507.17824] 

STILL REMAINS A PREFERENCE 
FOR A SHIFT IN CNP

9

 ANOMALIES INTERPRETATIONb → sℓ+ℓ−
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 ANOMALIES PATHSb → sℓ+ℓ−

NO CLEAR DEPENDENCE OF  ON  OBSERVEDCNP
9 q2

MORE DATA CAN SIMPLY INDICATE IF SUCH 
PATTERN REMAINS CLOSE TO 

CHARMONIUM CONTRIBUTIONS

IF NP INTRODUCES NEW WEAK PHASE(S), 
ANY NONZERO CP VIOLATION WOULD BE A 

CLEAR SIGNATURE
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P. Álvarez Cartelle (Cambridge)EPS-HEP 2021

Search for B+ → K+νν̄
• Purely weak penguin 

‣   

‣ Very challenging experimentally 

• New Belle II analysis, reaches competitive sensitivity using just 63/fb of integrated luminosity

ℬSM = (4.6 ± 0.5) × 10−6

32

[Belle II, arXiv:2104.12624]

[Blake et al, PPNP 92 (2017) 50]

Talk by S. Kurz (29 July)
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Figure 6: Allowed 68% CL regions for the R2 simplified model coupling cSL = 8cT [55, 56]
based on fitting to an Asimov data set with cSL = 0.25(1 + i) and assuming a Belle II
luminosity ranging from 1 to 50 ab�1 [57]. The best fit points are shown as green dots.
Assuming O(1) couplings, this would correspond to a leptoquark of mass around 1.4 TeV.

Table 3: Baseline (improved) expectations for the uncertainties on the signal strength µ

(relative to the SM strength) for the four decay modes as functions of data set size.

Decay 1 ab�1 5 ab�1 10 ab�1 50 ab�1

B
+
! K

+
⌫⌫̄ 0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)

B
0
! K

0
S⌫⌫̄ 2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)

B
+
! K

⇤+
⌫⌫̄ 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)

B
0
! K

⇤0
⌫⌫̄ 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)

reconstructed the partner B meson in hadronic [73–75] or in semileptonic decays [76,77].
Recently, we introduced a novel, inclusive reconstruction method [78] where tracks and
energy deposits not associated with the signal candidate are associated with the decay of
the accompanying B meson, or“rest of event”. The inclusive approach yields significantly
higher signal e�ciency and better sensitivity than any previous approach, as shown by
the Belle II B+

! K
+
⌫⌫̄ branching fraction results [78].

We project sensitivities based on Belle II simulation and an early Belle II analysis [78].
Two scenarios are considered, which are similar for all except the B+

! K
⇤+
⌫⌫̄ decay. The

”baseline” scenario assumes no further improvements. The ”improved” scenario assumes a
50% increase in signal e�ciency for the same background level, an advance that current

16

[Belle II, PRL 127 (2021) 18, 181802] 

Set a competitive limit with only 63 fb-1!

Exciting physics range to be explored!

 ANOMALIES PATHSb → sℓ+ℓ−

UNIQUE PHYSICS REACH TO STUDY FINAL STATES WITH MISSING ENERGY, E.G. B → K(*)νν
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FROM  TO  b → sℓ+ℓ− b → cℓν
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IN THE SM THE COUPLINGS OF THE GAUGE BOSONS ARE LEPTON UNIVERSAL 

P. Álvarez Cartelle (U. Cambridge, USC)FCCP 2025

• In the Standard Model the couplings of the gauge bosons are lepton 
universal ⇒ provides a clean probe for New Physics 

•Tests in B-meson decays 
‣ Flavour Changing Charged Current  

b→cℓν decays (tree-level) 
 

‣ Flavour Changing Neutral Current  
b→sℓℓ transitions (loop-level)  

B0,+ → D(*)+,0ℓνℓ, Λb → Λcℓνℓ, . . .

B+,0 → K+,0ℓℓ, B0
s → ϕℓℓ, . . .

Lepton Flavour Universality

2
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+

[PRD 108 (2023) 3, 032002; Nature Physics 19 (2023) 1517; JHEP 05 (2020) 040; PRL 128 (2022) 19, 191802; 
JHEP 08 (2017) 055; JHEP 07 (2025) 198; PRL 134 (2025) 19, 181803; PRL 134 (2025) 12, 121803] 

P. Álvarez Cartelle (U. Cambridge, USC)FCCP 2025

Summary of LFU ratios

14

New as of 2024/25

[Plot by Alex Marshall, CKM 2025]

Whatever is affecting the muons, seems to be affecting the electrons in the same way!
NEUTRAL CURRENT SHOW COMPATIBILITY WITH LFU 

(SIMILAR DEVIATIONS SEEN IN MUONS AND ELECTRONS)
[ , PROG. PHYS. 87 (2024) 077802]RK
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DEVIATIONS WRT SM OF COMBINATION  AT R(D), R(D*) ∼ 3.7σ

<latexit sha1_base64="jMc6f7+JCH6jf01ijFAc9yWtHAk="></latexit>

`0 = e/µ (B-factories)✓  hadronic uncertainties mostly cancel in the ratio 
✓  reduced  experimental systematic uncertainties in 

ratios of  efficiencies 

404/11/25

test of LFU in tree level semileptonic b→ctnt transitions  

more measurements are strongly 
motivated
✓ to further improve R(D)-R(D*) precision
✓ to extend the physics program

✓  R(Hc)
✓ angular analysis of  b→clnl decays

HFLAV 2025 

✓ R(D) and R(D*) exceed the SM 
predictions by 2.5σ and 2.3σ 
respectively

✓ the deviation w.r.t. the SM stays at 
3.8 s level for the combination of  
R(D)-R(D*)

✓ the deviation w.r.t the SMFLAG24 
stays at 3.5 s level for the 
combination of  R(D)-R(D*)

+
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R(D)
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R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
CKM2025

`0 = µ (LHCb, CMS)
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CMS-BPH-23-001



SUMMARY

CKM picture remains remarkably consistent 

Rich information on hadronic decays requires a 
closer synergy between theory-experiment

 

i.e. current models are insufficient to uniquely  
retrieve underlying physics in data
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A PRECISION FLAVOUR PHYSICS ERA AHEAD OF US! 

[NEW IDEAS, NEW CHANNELS, NEW OBSERVABLES …]

WHAT COMES NEXT?

 

COMPASS TO LHC SEARCHES?

How to unambiguously solve this puzzle? 

Long-standing anomalies interpretation 
still hindered by SM hadronic uncertainties

b → sμ+μ−
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Figure 3.3: LHC constraints for the U1 vector leptoquark for the benchmark scenarios with �b⌧
R = 0

(left) and �b⌧
R = �1 (right). The 1� and 2� regions obtained from the fit to low-energy data are also

shown.

scenarios considered here, the largest cross section is obtained for pp ! U⇤
1
U1 ! b⌧ t⌫. The CMS

collaboration has performed a dedicated search for this channel using 137 fb�1 of 13 TeV data [105].
The corresponding exclusion regions (obtained for c = 0) are shown in Figure 3.3 for both benchmark
scenarios, together with the 1� and 2� regions obtained from the low-energy fit. We also show
the projected limits for the high-luminosity phase of the LHC (HL-LHC with 3 ab�1 of integrated
luminosity) under the assumption that no NP signal is detected and that statistical and systematic
uncertainties scale with the square root of the luminosity. As can be seen, these searches o↵er only a
relatively small coverage of the parameter space favored by the low-energy fit. Other direct searches,
such as single-leptoquark production from quark-gluon scattering [102, 106–108] (see figure 3.4 b)
or resonant production via lepton-quark fusion [109–111] (exploiting the recently determined lepton
PDFs from photon splitting [112]) will play a crucial role in the event of a discovery, but are currently
not competitive with other high-pT searches.

Another interesting collider constraint is obtained by searching for modifications of the high-pT
tail in the dilepton invariant mass distribution in the Drell-Yan process pp ! ⌧+⌧� + X induced
by t-channel U1 exchange [41, 103, 113, 114] (see figure 3.4 c).4 The dominant production mechanism
for this channel is via a bb̄ initial state, while contributions from bs̄- and ss̄-initiated processes are
subdominant due to the underlying flavor structure of the leptoquark couplings. Stringent limits
from pp ! ⌧+⌧� +X data can be obtained by recasting the ATLAS analysis in [117] with 139 fb�1

of 13 TeV data, following the same recasting procedure described in [103]. As shown in Figure 3.3,
high-pT lepton tails provide important constraints on the parameter space preferred by the low-energy
fit, especially for �b⌧

R = �1, where the limit is about two times stronger than in the �b⌧
R = 0 scenario.

However, for both benchmark scenarios a large region of the parameter space still remains viable.
Together with the present bounds, we also show the projected limits for the HL-LHC, again assuming

4Analogous limits from pp ! µ⌧ [103, 115] and pp ! µ+µ� [42] do not provide competitive bounds because of the
flavor suppression of the light-lepton couplings, though they might play a relevant role in the future in the event of
discovery. Similarly, limits derived from pp ! ⌧ ⌫̄ [116] are found to be weaker due to the smallness of V ⇤

cs �
s⌧
L and V ⇤

cb

compared to the dominant third-generation couplings.
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