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Description of these decays within the SM??

A novel possibility to analyze b → s quark transitions is the study of rare radiative-and-leptonic Bs decays. This is
experimentally challenging, and yet LHCb has recently set a limit (very close to the SM signal):

See C. Normand’s talk
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5 different classes of diagrams:
1. DE of the photon from valence quarks
2. DE of the virtual photon from valence quarks
3. Bremsstrahlung
4. Charm loops diagrams
5. Weak annihilation diagram
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5 different classes of diagrams:
1. DE of the photon from valence quarks
2. DE of the virtual photon from valence quarks
3. Bremsstrahlung
4. Charm loops diagrams
5. Weak annihilation diagram

Example:

Important issue: only 4 diagrams give a relevant contribution at high-q2, i.e.
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Central issue: how to obtain a reliable description of the hadronic Form Factors (FFs)?

No direct computation on the lattice in the Bs-sector at present …
Which is the state-of-the-art?
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We have decided to use the Lattice QCD data in A. Desiderio et al., PRD 103 (2021) 014502, 
in which the authors have considered the diagrams

These are exactly the diagrams relevant for us at high-q2 in the Bs-sector!!

FA has NO Structure Independent (SI) contributions !!
The extrapolation to the Bs-sector can thus be done without taking care of the subtraction of the SI term … 

GNSV PLAN: new analysis of the data for P = Ds 
and, then, extrapolation to the Bs sector!
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To describe the hadronic Form Factors in the whole kinematical region (after the continuum and the chiral extrapolations):

LINEAR fit
POLE-LIKE fit 7
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First pole

Second poles
+ continuum

The residues are related to tricouplings! For instance, in the B-sector

Janowski, Pullin and Zwicky, JHEP 12 (2021) 008

The tricouplings describe a completely different kind of processes, i.e. radiative non-leptonic decays of mesons as

Amundson et al., PLB 296 (1992) 415–419 [arXiv:hep-ph/9209241]
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parameters to the Bs by using properly constrained heavy quark symmetry.
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Take it as a preview: from a first computation the Branching Ratio at high-q2 will be O(10-10)
• the integration range can be as large as q = [4.2, 5] GeV,

• since the «indirect» method does not suffer the problem of low efficiencies on the 
reconstruction of photons (! ∼ 0.02), it is well possible that the next LHCb analysis will be a 

measure (and this would not be the case with other exp. methods …) 

BASIC PLAN: we want to infer the tricouplings in the Bs-sector by analyzing the LQCD data in the region
x# $ [0.1, 0.4] in A. Desiderio et al., PRD 103 (2021) 014502 and by adopting an approach similar to 
Becirevic, Haas and Kou, PLB 681 (2009) 257–263. In other words, the idea is to scale our required
parameters to the Bs by using properly constrained heavy quark symmetry.
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Potential issue for future precision studies (also on the lattice)! 
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But that’s not all!

Charm loops

Negligible impact w.r.t. 
hadronic uncertainties! 

Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028
Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007 

Guadagnoli, Reboud and Zwicky, JHEP 11(2017) 184 22
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