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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):
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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 talks by Irene Bachiller and Camille Normand
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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 the most important contribution at high-q2, i.e.

Radiative-and-leptonic decays in Effective Field Theory 
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Main idea: HQET scaling of FFs parameters from the Ds-sector to the Bs-sector, 
starting from Lattice QCD (LQCD) data available for the Ds-sector @ high-q2 
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General methodology: the free parameters of each ansaetze
can be determined through fits to lattice data !



Methodological overview of the GNSV approach to hadronic FFs 
Each FF obeys a dispersion relation of this form:
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LQCD data from Desiderio et 
al., PRD ’21 (2006.05358)

Opportunity to test different pole structures ( ): for instance
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Once inferred the residues in the Ds sector, the extrapolation to the Bs-sector is based on the 3-couplings:

Methodological overview of the GNSV approach to hadronic FFs 

Starting from LQCD data in 
Desiderio et al., PRD ’21 

(2006.05358)
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All broad-charmonium states are included as properly normalized Breit-Wigner (BW) poles, that shift the 

Wilson coefficient C9 in this way:

PDG

‘22

PDG

‘22

PDG

‘22

BES

Coll.

arXiv:0705.4500 

Kruger and Sehgal, PLB ‘96 (hep-ph/9603237)

Values taken from
Beneke, Bobeth and Wang, JHEP ‘20 [2008.12494]

Methodological overview of the GNSV approach to hadronic FFs 

Once inferred the residues in the Ds sector, the extrapolation to the Bs-sector is based on the 3-couplings:

Final ingredient for the computation of BR(Bs → !!ɣ) @ high-q2: charmonia ! 



The full formula for BR(Bs → !!ɣ)
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Bremsstrahlung

Emission of the 
photon from 

valence quarks or 
FCNC vertex

(DE component)

Interference

Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028
Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
Guadagnoli, Melikhov and Reboud, Phys.Lett.B 760 (2016) 442-447 [fixes a typo in the interference term "12]
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Impact of charmonium resonances on BR prediction 
By focusing on the DE-only component of BR(Bs → !!ɣ) @ high-q2, 

we find the following values for the BR:
(REMARK: DDILST computation gives results very similar to JPZ ones!)

GNSV

Guadagnoli, Normand, Simula, LV, JHEP ‘23 (2303.02174)
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Impact of charmonium resonances on BR prediction 

GNSV
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Negligible impact of tensor FFs … 
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Frezzotti et al, arXiv:2402.03262 [hep-lat] 

ETMC number (see Table VI): BR × 1010 =  

GNSV
JPZ
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Impact of charmonium resonances on BR prediction 

Comparison with ETMC results:

Frezzotti et al, arXiv:2402.03262 [hep-lat] 

ETMC number (see Table VI): BR × 1010 =  

GNSV
JPZ

KMN

GNSV

Differences @ the 1.9! – 2.2! level despite the differences in the FFs values
Fundamental topic of discussion: treatment of broad-charmonium parameters! 
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FFs parameters from the Ds-sector to the Bs-sector, starting from LQCD data available for the Ds-sector @ high-q2. 
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This method can be used for «global analyses» of Ds → ɣ and/or Bs → ɣ data
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And what about Bs → ɣ beyond the Standard model ?? 
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The relevance of Bs → ɣ beyond the SM
The Bs → !!ɣ channel can be used to study hypothetical New Physics (NP) effects affecting b → s quark 
transition. In fact, despite the disappearance of the R(K(*)) anomalies, we have several discrepancies among 
theory and experiments in semileptonic neutral-current B decays:
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JHEP 06 (2014) 133 JHEP 06 (2014) 133

SM expectations
seem to be 

always above
experimental data …

L. Vittorio (LAPTh & CNRS, Annecy)
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M. Reboud’s talk @ LHC Impilication Workshop 2022 @ CERN

12local form-factors

Semileptonic B decays theory in a nutshell
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There is not general consensus on the magnitude of the contributions coming from these non-local FFs:  

M. Ciuchini et al, 
PRD ‘23 

[2212.10516]
The «hypothetical» 

presence of NP seems
to depend on the way 
in which the non-local

FFs are described ! 

Data-driven: naïve q2-expansion of the form

Clear advantage: it is transparent the interplay
between hadronic and possible NP contributions!

Model-depedent: it assumes the h-terms on the left
[h-

(0), h-
(1), h-

(2)] to be negligible.

Underlying idea: this assumption is supported at
present by the application of dispersion

relations, analiticity and unitarity (together with 
LCSR data) to the description of non-local FFs ! 

C. Bobeth et al, EPJC ‘18 [1707.07305]
M. Chrzaszcz et al, JHEP ‘19 [1805.06378]
N. Gubernari et al, JHEP ‘21 [2011.09813], 

JHEP ’22 [2206.03797], 2305.06301

M. Ciuchini et al, JHEP ‘16 [1512.07157], EPJC ‘17 [1704.05447],
EPJC ‘19 [1903.09632], PRD ‘21 [2011.01212], 
EPJC ‘23 [2110.10126], PRD ‘23 [2212.10516]

Important issue concerning non-local FFs
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same short-distance physics present in B \to K(*) decays, 

without being affected by the same long-distance effects !
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Bs → !!ɣ as a perfect candidate: if there is really NP in B \to K(*) decays, i.e. if there is
really a NP contribution to C9, this effect must influence as well the BR(Bs → !!ɣ) @ high-q2  

KEY IDEA: high-q2 observables are sensitive to the very
same short-distance physics present in B \to K(*) decays, 

without being affected by the same long-distance effects !

LHCb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008 

However, we do not have a direct measurement of BR(Bs → !!ɣ) @ high-q2,
but only an experimental bound:

Thus, the best that we can do at this stage is a sensitivity study !
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Main ingredients of our sensitivity study:

1. Identification of NP benchmarks
from semileptonic neutral-current B decays: 

E
X
A
M
P
L
E

REMARK: a complete calculation of non-local FFs may, or may not, show that
the NP shifts previously shown, in particular those involving C9, are actually

due to SM long-distance dynamics !!
(See also the global analyses in JHEP ‘23 [2212.10497], PRD ‘23 [2212.10516] …)
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Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs → µµγ-signal uncertainty
will be dominated by the sheer amount of data collected
(Many effects to be taken into account: efficiencies, optimal choice of (qmin)2, … )
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Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs → µµγ-signal uncertainty
will be dominated by the sheer amount of data collected
(Many effects to be taken into account: efficiencies, optimal choice of (qmin)2, … )

3. Theoretical uncertainties: GNSV FFs with shrinked uncertainties, i.e. O(5%) errors, and KMN tensor
FFs with O(20%) uncertainties

Recall that we need to resolve
!!

Motivated by precision on Ds → ɣ FFs as from the 
lattice study PRD ‘23 (2306.05904),

confirmed by the Bs → ɣ results in 2402.03262
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Integrated BR for two different NP scenarios
Guadagnoli, Normand, Simula, LV, JHEP ‘23 [2308.00034]
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Bs → !!ɣ as a golden channel to study NP
It reaches the 2σ level

at the border of the 
1σ region for

the WC shift preferred
by our global fit ! 

Methodological issue:
this exercise can be

repeated and updated
in the future with other

FFs determinations
(as, for instance, the ETMC

results in 2402.03262)  
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- crucial dependence on the LQCD input data (recall the comparison with arXiv:2402.03262)
- possible method for global analyses of all the lattice data available in the future

2. Study of Bs → !!ɣ beyond the SM: complementary way to investigate hypothetical New Physics (NP) 

effects affecting b → s quark transitions
- key issue: same short-distance effects present in semileptonic neutral-current B decays, while 
being independent (and free) of the long-distance ones ! Complementary insight on the debate 
on non-local FFs
- the pull to the SM can reach the 2σ level at the border of the 1σ region for the WC C9 shift 
preferred by our global fit of BRs and angular observables in B \to K(*) decays
- assumption on the exp./th. uncertainties improvable in the future
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The “indirect” method to detect radiative-and-leptonic decays

L. Vittorio (LAPTh & CNRS, Annecy)

Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

How? Enlarging the dilepton invariant mass below the Bs-peak (it works IF the bkgs are well under control!)

The problem is in other words

VS

For very soft photons, the single-
photon component of the former

should be equal to the latter! 

The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely
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The “indirect” method to detect radiative-and-leptonic decays

L. Vittorio (LAPTh & CNRS, Annecy)

(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008)

Some cons:
i) Signal as a «shoulder», i.e. 

requires reliable estimation of all
other «shoulders»

ii) Difficult below (4.2 GeV)2

iii) Mass resolution crucial !!

Some pros:
i) No recontruction of the photon, 

whose efficieny is inherently small
ii) Measur. at high-q2, which is the 

best region for Lattice QCD and is
also the region least affected by 
resonances

iii) Sensitivity to C9, C10
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Relevant data for b → s global fits 



Disappearance of R(K) and R(K*) anomalies

R. Quagliani’s talk @ CERN, December the 20th 19L. Vittorio (LAPTh & CNRS, Annecy)



Other plots concerning fits to the WCs
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