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: why?B+ → μνγ
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 decay 
Suppressed by  + helicity 
Very precise prediction (just )
Theory: 
Belle+Belle2:  

B+ → μ+νμ
Vub m2

ℓ /m2
B

fB
BR = (3.8 ± 0.4) × 10−7

BR = (4.4 ± 2.1) × 10−7

 decay 
Suppressed by  + helicity + 
Depends on  form factors
Theory: 
Belle:  at 90% CL 

B+ → μ+νμγ
Vub αem

B → γ
BR = 𝒪(10−6)

BR < 3.0 × 10−6
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u
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νμW+
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γ
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u
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helicity 
suppressed

αem

Test the SM
measure , 

search for , LQ
Vub

H+

Study  meson
to improve predictions 

for other channels

B+

Phys.Rev.D 113 (2026) 11, 112012

https://inspirehep.net/literature/3118119
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 differential rateB+ → ℓ+νγ
๏ The differential decay rate can be parametrized with  and 

๏ When integrating over  it reads:

With  the (axial-)vector form factors that depend on:

Eγ cos θℓ

cos θℓ

dΓ
dEγ

=
αemG2

F |Vub |2

6π2
mBE3

γ (1 −
2Eγ

mB
)[ |FV |2 + | ̂FA |2 ]

FV(A)

FV,A (Eγ) =
eu fBmB

2EγλB(μ)
R (Eγ, μ) + [ξ (Eγ) ± Δξ (Eγ)]

3

Includes FSR term

Tree level factorisation,
depends on 1/λB

Depends weakly  
on LCDA shape

Power suppressed  
by  and 1/mb 1/2Eγ

N.B.: Power corrections blow up for Eγ < 1.5 GeV
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Extracting  from λB B → ℓνγ
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Search for the decayB+
(c) → µ+ωµε

Fabian Glaser1,2, Martino Borsato 3, Marie-Hélène Schune2
1 Universität Heidelberg, Physikalisches Institut, Germany,

2 Université Paris-Saclay, CNRS/IN2P3, IJCLab, Orsay, France,
3 Milano-Bicocca University, INFN Sezione di Milano, Italy

Why B+ → µ+ωµε ?
• Decay has never been observed

• Golden mode to probe B+ meson sub-
structure

• Emission of ω probes first inverse moment
εB of the B meson Light Cone Distribution
Amplitude

• Value of εB not well known

• Vital theory input for QCD factorization
schemes and non-perturbative calculation
of B meson decays

Leading order Feynman diagram for the decay

B+ → µ+ωµε .

On the decay B+
c → µ+ωµε

• CKM favoured by |Vcb|2/|Vub|2 but production cross section much smaller

• Effects cancel to yield approximately the same rate as for B+ → µ+ϑµω

Current experimental limit
Belle searched for B+ → ϖ+ϑϑω using ϖ = e, µ to find an
upper limit of

B(B+ → ϑ+ωωε) < 3.0 ↑ 10→6 @90%CL

Branching ratio prediction for B+ → µ+ωµε superimposed with the
experimental limit from Belle. The colored bands correspond to different theory

models.

JHEP 07 (2018) 154
PRD 98, 112016 (2018)

Optimising signal selection
• Maximise sensitivity to B(B+ → µ+ϑµω)

• Optimisation performed on pseudo-
experiments

• Generate background only pseudo-data from
derived templates

• Fitting with signal shapes for B+
(c) → µ+ϑµω

• Signal selection not yet finalised

Background-only pseudo-data and signal
shapes with arbitrary normalisation. 13th LHC students poster session, Nov. 27th 2023

fabian.christoph.glaser@cern.ch

Reconstruction at LHCb
• Extremely difficult to reconstruct at hadron collid-

ers, deemed impossible

• Challenging yet possible at LHCb

Photon Reconstruction

• Select signal candidates from displaced B vertices

• Crucial to require ω → e+e↑ conversion for vertex
reconstruction

• Conversion in LHCb’s Vertex Locator provides ex-
cellent vertex resolution

Neutrino Recovery

• At LHCb cannot constrain neutrino momentum
from initial kinematics

• Correct for momentum imbalance p↓ perpendicular
to B flight direction

mcorr =
√

m2
vis(µ

+ωee) + p2↓ + p↓

Background modelling
Analysis Strategy

• Use data recorded with LHCb from 2016-2018 corresponding to Lint = 5.4 fb↑1

• Search for signal by binned template fit in mcorr

• Generate data-driven background templates

Background from ϖ0/ϱ → εeeε

• By far the dominant source of background

• Select ϱ0/ς → ωeeωcalo in data using additional
calorimeter photon ωcalo

• Correct efficiency of finding additional photon

• Representative of all ϱ0/ς → ωeeω back-
grounds including physics and combinatorial
components

Background from h+ → µ+mis-identification

• Control sample without PID requirement on
the muon track

• Generate template for ϱ+ → µ+ and K+ → µ+

Outlook

• Search for B+
(c) → µ+ϑµω can be done at LHCb

• Pushing the limits of the LHCb experiment

• Analysis strategy and background modelling in
place

• Selection of signal candidates still ongoing

• Expected sensitivity towards
B(B+ → µ+ϑµω) soon to be evaluated

M.Beneke et al JHEP 07 (2018) 154
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Figure 3. B-meson leading-twist LCDA λBφ+(ω, µ0) for the three models described in the text.

with σ̂0 = 1 defining λB. To the NLL accuracy only the values of λB, σ̂1 and σ̂2 are needed.

The LCDA and the moments are renormalization scale dependent. For brevity, we omit

the explicit scale argument µ.

In contrast, the evaluation of the soft (endpoint) contributions requires the full func-

tional form of the LCDAs. We will use three two-parameter families of functions to assess

the model dependence of the soft contribution. In the s-space representation (A.6) [25, 26]

η(I)+ (s) = 1F1(1 + 2/b, 2/b,−sω0) =

(
1− 1

2
bsω0

)
e−sω0 , 0 ≤ b ≤ 1 , (5.3a)

η(II)+ (s) = 1F1(2 + a, 2,−sω0) , −0.5 < a < 1 , (5.3b)

η(III)+ (s) = 1F1(3/2 + a, 3/2,−sω0) , 0 < a < 0.5 , (5.3c)

corresponding in momentum space to

φ(I)+ (ω) =

[
(1− b) +

bω

2ω0

]
ω

ω2
0

e−ω/ω0 , (5.4a)

φ(II)+ (ω) =
1

Γ(2 + a)

ω1+a

ω2+a
0

e−ω/ω0 , (5.4b)

φ(III)+ (ω) =

√
π

2Γ(3/2 + a)

ω

ω2
0

e−ω/ω0 U(−a, 3/2− a,ω/ω0) , (5.4c)

where 1F1(α,β, z) is a hypergeometric function, and U(α,β, z) the confluent hypergeo-

metric function of the second kind. The above functional forms are assumed to hold at

µ0 = 1GeV.

The three models in (5.4) for the limiting values of the parameters (5.3) are shown in

figure 3. They can be viewed as particular cases of the more general three-parameter ansatz

η+(s) = 1F1(α,β,−sω0) , α,β > 1 ,

φ+(ω) =
Γ(β)

Γ(α)

ω

ω2
0

e−ω/ω0U(β − α, 3− α,ω/ω0) . (5.5)

– 15 –

LCDA shape depends mainly on value of   
which enters the BR within 

̂σ1
R(Eγ, μ)

D.van Dyk et al JHEP 10 (2022) 162
LCDA parametrisation with expansion  

that keeps truncation error under control 

https://inspirehep.net/literature/2059530
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The B meson LCDA and λB
๏ Inside the  meson:  quark at rest,  quark has momentum  

along the light-cone

๏ The  light-cone distribution amplitude (LCDA) is the 
amplitude to find the  quark with momentum 

๏ Any -quark decay in QCD factorization is convoluted with this 
soft universal function (same for any exclusive B decay)

๏ The LCDA is mainly characterized by its first inverse moment

๏ The parameter  is very poorly known (0.2-0.6 GeV)  
although Lattice calculations are being developed  
(see 2302.01298,  2306.05904, 2308.07033, 2605.10946, …)

B+ b u ω

ϕ+(ω, μ)
u ω

b

λ−1
B (μ) = ∫

∞

0

dω
ω

ϕ+(ω, μ)

λB

5
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Form factors and LCDA

๏ B form factors predictions are key
• Lattice QCD: robust, but slow and  

hard to do at low q²
• LCSR: broader reach, real caveats,  

but often the only option

๏ The B-meson LCDA (esp. λ_B) is a 
recurring bottleneck
• B-meson LCSR: dominant parametric 

uncertainty (B→π, K, ρ, Λ_b→p)
• QCD factorisation for nonleptonic 

decays (B→ππ, Kπ, …)
• Feeds exclusive  (and )|Vub | |Vcb |

6

Ingredients of b2sll theory 
• ingredient #1: parametrisation of the local FFs: 

solid 
• ingredient #2: values of the local FFs: not solid 

yet, but improvable (B->K: soon, B->φ: ?, B-
>Kπ: in design phase, B->K*(NWA): 
fogettaboutit…) 

• ingredient #3: parametrisation of the nonlocal 
FFs 
◦ q2-expansion(small q2 far below J/psi only) 
◦ z-expansion(q2 < 4MD^2) 

• ingredient #4: values of the nonlocal FFs 
◦ OPE leading power (LP): purely partonic 
◦ OPE next-to-leading power (NLP): 
◦ real parts: start at 1-loop (order alpha_s^0); 

2-loop results are known at LP 
◦ imaginary parts: start at 2-loop (order 

alpha_s^1) 
◦

MITP discussion session
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: how?B+ → μνγ
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B+

μ+

νμ

γ e+

e−

μ+

νμ

γ
Υ(4S) B+

sigB−
tag

Full reco of 
29 channels

Method @Belle Method @LHCb

pBsig
= (

s
2

, − ⃗pBtag)

๏ Full reco of  Btag ε ≃ 0.8 % ๏  conversion in material 
→ get  displaced vertex
γ

B+

mcorr  = m2
visible  (μ+γee) + p2

⊥ + p⊥

studied using D! → D0π decays with D0 → ππK0
S and

K0
S → πþπ−. The uncertainty on NBB̄ results in a relative

error of 1.37% and for the tracking efficiency an uncer-
tainty of 0.35% for the single signal side track is found.
The largest additive systematic uncertainty for the Bþ →

lþνlγ partial branching fraction measurement stems from
the systematic uncertainty assigned to the multivariate
method that suppresses peaking background contributions.
This uncertainty is evaluated by reweighting the MC
samples to the distribution of the input variables used for
the classification on data. The distribution which gives the
largest deviation from the nominal result is used to estimate
the uncertainty. The second largest additive uncertainty for
the Bþ → lþνlγ partial branching fraction measurement is
due to limitedMC statistics. The uncertainty is evaluated for
eachMC sample individually by producing a large ensemble
of templates, where the numbers of entries are varied using a
Poisson distribution. The templates of the ensemble are used
to repeat the fit to estimate the total uncertainty. The largest
additive systematic uncertainty for the Bþ → π0lþνl
branching fraction is given by the uncertainty on the BCL
form factors and is evaluated by variations using the
covariance matrix from the global fit of Ref. [22].

The remaining additive uncertainties on both channels
are evaluated as follows: The fraction of the individual
channels in which the Btag is reconstructed differs between
MC and data. To estimate the impact of this mismatch, the
MC samples are corrected to the fraction in data of the
reconstructed tag channels and the difference is taken as an
estimation for the systematic uncertainty. In the fit, the
individual branching fractions of charmless semileptonic
background decay modes are kept fixed and modeled as a
single floating background template. To estimate uncertain-
ties due to slight shape differences in M2

miss from these
templates, we vary the decay branching fractions of
Bþ→ωlþνl, Bþ→ ρ0lþνl, B0 → ρ−lþνl, Bþ → ηlþνl,
Bþ → η0lþνl, and B0 → π−lþνl individually within their
uncertainties [26]. The uncertainty on the Bþ → lþνlγ
signal model is estimated by correcting the simulated events
from the prediction of Ref. [20] to the state-of-the-art
prediction of Ref. [5] and repeating the fit.

VI. RESULTS

Figure 2 shows the M2
miss distribution of the selected

data events in the four categories of Bþ→eþνeγ, Bþ→
μþνμγ, Bþ → π0eþνe, and Bþ → π0μþνμ. The selected

FIG. 2. The post-fit M2
miss distributions for the simultaneous fit to the four categories are shown (cf. Sec. III). The individual fit

components are shown as colored histograms, and the filled gray histogram shows their sum.

SEARCH FOR THE RARE DECAY OF … PHYS. REV. D 98, 112016 (2018)

112016-9

Optimise signal selection

Maximise sensitivity on B(B+ ! µ+⌫µ� )
Generate background-only toys

Templates are bootstrapped to account for their
uncertainties
Yield is varied according to uncertainty from blinded fit

Fitted with signal shapes for B+
(c) ! µ+⌫µ�MC, yield

forced positive

Sensitivity is evaluated using Bayesian method, similar
to Belle [PRD 98 (2018) 11, 112016]

Background-only pseudo-data overlaid with signal shapes
corresponding to branching ratios B(B+ ! µ+⌫µ�) ⇡ 10⇥ 10�6

and B(B+
c

! µ+⌫µ�) ⇡ 11 ⇥ 10�4.

Fabian Glaser (Universität Heidelberg) Search for B+ ! µ+⌫µ� December 5th 2023 15 / 20

M2
miss = p2

ν = (pBsig
− pℓ − pX)

2

Phys.Rev.D 98 (2018) 11, 112016

https://inspirehep.net/literature/1701180
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: how?B+ → μνγ
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29 channels

Method @Belle Method @LHCb

pBsig
= (

s
2

, − ⃗pBtag)

๏ Full reco of  Btag ε ≃ 0.8 % ๏  conversion in material (7%) 
→ get  displaced vertex
γ

B+

mcorr  = m2
visible  (μ+γee) + p2

⊥ + p⊥

studied using D! → D0π decays with D0 → ππK0
S and

K0
S → πþπ−. The uncertainty on NBB̄ results in a relative

error of 1.37% and for the tracking efficiency an uncer-
tainty of 0.35% for the single signal side track is found.
The largest additive systematic uncertainty for the Bþ →

lþνlγ partial branching fraction measurement stems from
the systematic uncertainty assigned to the multivariate
method that suppresses peaking background contributions.
This uncertainty is evaluated by reweighting the MC
samples to the distribution of the input variables used for
the classification on data. The distribution which gives the
largest deviation from the nominal result is used to estimate
the uncertainty. The second largest additive uncertainty for
the Bþ → lþνlγ partial branching fraction measurement is
due to limitedMC statistics. The uncertainty is evaluated for
eachMC sample individually by producing a large ensemble
of templates, where the numbers of entries are varied using a
Poisson distribution. The templates of the ensemble are used
to repeat the fit to estimate the total uncertainty. The largest
additive systematic uncertainty for the Bþ → π0lþνl
branching fraction is given by the uncertainty on the BCL
form factors and is evaluated by variations using the
covariance matrix from the global fit of Ref. [22].

The remaining additive uncertainties on both channels
are evaluated as follows: The fraction of the individual
channels in which the Btag is reconstructed differs between
MC and data. To estimate the impact of this mismatch, the
MC samples are corrected to the fraction in data of the
reconstructed tag channels and the difference is taken as an
estimation for the systematic uncertainty. In the fit, the
individual branching fractions of charmless semileptonic
background decay modes are kept fixed and modeled as a
single floating background template. To estimate uncertain-
ties due to slight shape differences in M2

miss from these
templates, we vary the decay branching fractions of
Bþ→ωlþνl, Bþ→ ρ0lþνl, B0 → ρ−lþνl, Bþ → ηlþνl,
Bþ → η0lþνl, and B0 → π−lþνl individually within their
uncertainties [26]. The uncertainty on the Bþ → lþνlγ
signal model is estimated by correcting the simulated events
from the prediction of Ref. [20] to the state-of-the-art
prediction of Ref. [5] and repeating the fit.

VI. RESULTS

Figure 2 shows the M2
miss distribution of the selected

data events in the four categories of Bþ→eþνeγ, Bþ→
μþνμγ, Bþ → π0eþνe, and Bþ → π0μþνμ. The selected

FIG. 2. The post-fit M2
miss distributions for the simultaneous fit to the four categories are shown (cf. Sec. III). The individual fit

components are shown as colored histograms, and the filled gray histogram shows their sum.

SEARCH FOR THE RARE DECAY OF … PHYS. REV. D 98, 112016 (2018)

112016-9

M2
miss = p2

ν = (pBsig
− pℓ − pX)

2

Phys.Rev.D 98 (2018) 11, 112016
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Also  in LHCbB+
c → μνγ

9

B+
c → μνγ

๏ Can also search for 
• Never been searched for!
• Useful to study  meson 

structure? The only weakly 
decaying meson composed of two 
heavy quarks.

• Expect similar rate as  due to 

• 10x lower efficiency due to 

• Much lower background under the 
peak — a future dedicated search 
could greatly improve sensitivity

B+
c → μνγ

B+
c

B+

fc
fu

≃
|Vub |2

|Vcb |2

τ(B+
c ) ≃ 0.3 × τ(B+)

B+ → μνγ

Theoretical predictions: 
BR(B+

c → μ+νγ) ∼ [2, 8] × 10−5

[19] Chiladze, Falk, Petrov, PRD 60 (1999) 034011, hep-ph/9811405
[20] Colangelo, De Fazio, MPLA 14 (1999) 2303, hep-ph/9904363
[21] Chang, Lu, Wang, Zong, PRD 60 (1999) 114013, hep-ph/9904471
[22] Barik, Naimuddin, Dash, Kar, PRD 78 (2008) 114030
[23] Wang, Zhu, EPJC 75 (2015) 360, arXiv:1501.04493
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Dataset and selection

๏ Run 2 pp data (2016–2018), √s = 13 TeV, 5.4 fb⁻¹ 

๏ Hardware trigger based on high-  muon or electron

๏ Three classifiers against the main background sources: 
• XGBoost vs combinatorial (topology, kinematics, vertex quality); 
• XGBoost anti-π⁰ (γ_eeγ_calo mass, cone multiplicity,  

asymmetry); Also, no bremmstrahlung recovery used to avoid 
adding back the energy of the other  from the 

• Isolation BDT vs partially reconstructed B decays based on 
nearby tracks

• working point optimized on the expected UL: 98% background 
rejection at 22% (8%) efficiency for  ( )

pT

pT

γ π0

B+ B+
c

10
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Normalisation

๏ Normalised to 

๏ BR known with 6% 
uncertainty

๏ Cancels systematics related 
to  conversion

๏ Photon has similar energy 
spectrum

B0 → K∗0γee

γee
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๏ Main backgrounds:
1.  with BR=

2.  and 

3. Random combinations of  and 

4.  and 

5. Random combinations of  and 

6.  from  (rare)

7. Random combinations of  and 

8. Random combinations of  and 

9. Fake conversion 

B+ → μ+νπ0 7.8 × 10−5

B → μ+νπ0(X) B → μ+νη(X)

μ+ π0/η

B → h+π0(X) B → h+η(X)

h+ π0/η

B → Xh+γee b → sγ

h+ γee

μ+ γee

γee

Background modelling

12

Signal signature

B+

μ+

νμ

γ e+

e−
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Background modelling

๏ Main backgrounds:
1.  with BR=

2.  and 

3. Random combinations of  and 

4.  and 

5. Random combinations of  and 

6.  from  (rare)

7. Random combinations of  and 

8. Random combinations of  and 

9. Fake conversion 

B+ → μ+νπ0 7.8 × 10−5

B → μ+νπ0(X) B → μ+νη(X)

μ+ π0/η

B → h+π0(X) B → h+η(X)

h+ π0/η

B → Xh+γee b → sγ

h+ γee

μ+ γee

γee

13

Model using pure sample 
of  and  from dataπ0

γee
ηγee

Model using data control 
sample with no µ ID 

next slide

Negligible after BDT

Negligible thanks to 
 < 10 MeV and 

double charge in VELO
m(ee)

π0 /η
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γ e
eγ
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Modelling bkg from  and π0 η

๏ Procedure to get  template for 
• Search for additional 
• Fit  and  peaks (in momentum bins)
• Get pure  and  samples using sPlot

• Unfold efficiency of finding  using 
correction map obtained from MC

• Get  template for all bkg’s from  and 

mcorr π0/η
γcalo

π0 η
π0 η

γcalo

mcorr π0 η

14
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~data-driven bkg modelling
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Modelling bkg from  and π0 η
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๏ Independent closure test
• Use high-stat  

candidates
• Channel dominated by 
• Pure sample of  selected 

only with 
• Get  template using same 

procedure
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Mass fit and result
๏ Binned ML fit to  

๏ Template statistics propagated 
with per-bin nuisance parameters

๏ No significant excess: 
• N(B⁺→μνγ) = 32 ± 24, 
• N(B_c⁺→μνγ) = 13⁺⁶₋₅ 
• 10% anticorrelated

๏ 90% CL limits with CLs using 
pseudoexperiments

mcorr

ℬ (B+ → μ+νμγ)E∗
γ >1GeV

< 4.0 × 10−6

ℬ (B+
c → μ+νμγ)E∗

γ >1GeV
< 1.6 × 10−3
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Systematic uncertainties

17
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Figure 2: (Left) Corrected-mass distribution of µ+ωee candidates with the fit components
overlaid. The di!erence between data and the background component is shown below. (Right)
Invariant-mass distribution of K+ε→ωee candidates with the fit components overlaid.

Table 1: Summary of the systematic and external uncertainties.

Source B(B+) [10→6] B(B+
c ) [10→4]

ε0/ ϑ background model 0.76 1.01
Signal model 0.21 0.92

Fit bias 0.05 0.23
Muon misidentification 0.07 0.63
E”ciency calibration 0.06 0.32
Selection e”ciency 0.02 0.10

Simulation sample size 0.07 0.74
Normalization yield 0.09 0.46

B(B0
→ K↑(892)0ω) [46] 0.11 0.59
fd/fc [51] ↑ 2.33

Total systematic 0.80 1.79
Total external 0.11 2.40

described by the LNuGamma model based on Ref. [2], but the result of this analysis can be
reinterpreted for any model using the e!ciency maps provided in the End Matter.

A summary of the systematic uncertainties is given in Table 1, yielding a total
uncertainty of 0.8 ↓ 10→6 on the B+

→ µ+ωµε and 3.0 ↓ 10→4 on the B+
c → µ+ωµε

branching fractions. The largest systematic uncertainty arises from the knowledge of the
mcorr(µ+εee) model for ϑ0 and ϖ backgrounds, which is evaluated in two steps. First, an
alternative e!ciency correction for reconstructing the εcalo photon from ϑ0

→ εeeεcalo and
ϖ → εeeεcalo decays is applied. Secondly, the background templates are smoothed with a
Gaussian function with the width reduced to 50MeV/c2. Further details are provided in
the End Matter. The second largest systematic uncertainty originates from the uncertainty
on the B-meson LCDA, which can lead to a significant change in the decay kinematics.
This induces a model dependence on the signal e!ciency as well as the mcorr(µ+εee)
shape. The e”ect on the e!ciency can be corrected using the information provided in
the End Matter, whereas the systematic uncertainty due to the signal shape variation is
assessed from the largest e”ect observed when using signal templates weighted to match
the calculation in Ref. [15] for values of ϱB between 200 and 600MeV. For the model of
B+

c → µ+ωµε decays, an additional uncertainty related to the smoothing procedure of the
mcorr(µ+εee) template is assigned. The uncertainty on the observed fit bias is assigned as

6

a systematic uncertainty, and the uncertainty related to the small number of expected
muon misidentification background is obtained from doubling the expected background
yield.

The finite size of the data control samples used to calibrate the track reconstruction,
trigger and PID e!ciencies introduces a systematic uncertainty, which, due to di”erences
in the selection and reconstruction of the signal and normalization decays, does not
fully cancel. It is propagated to the result on the ratio of branching fractions using
a bootstrapping method [49]. The modeling of nuclear interactions in the simulation
introduces an additional uncertainty on the e!ciency calibration, which is accounted
for by using the procedure outlined in Ref. [40]. Additional systematic uncertainties
account for residual di”erences in the selection of candidates between the signal and
normalization channels, the finite size of the simulation samples as well as the uncertainty
on the normalization yield. The external uncertainties comprise the uncertainties on
the B0

→ K→(892)0ω branching fraction from Ref. [46] and the ratio of fragmentation
fractions fd/fc from Ref. [51].

The branching fractions are determined to be

B(B+
→ µ+εµω)E→

ω>1GeV = (1.9 ± 1.5 ± 0.8 ± 0.1) ↑ 10↑6,

B(B+
c → µ+εµω)E→

ω>1GeV = (9.8+4.6
↑3.8 ± 1.8 ± 2.4) ↑ 10↑4,

where the first uncertainty is statistical, the second is systematic, and the third is due to
external uncertainties. The log-likelihood profiles as functions of the branching fractions
are shown in Fig. 3 of the End Matter. These branching fractions are compatible with
zero within 1.3 and 2.4 standard deviations for the B+ and B+

c decays, respectively.
Consequently, upper limits on the B+ and B+

c branching fractions are evaluated using
the CLs method [52] with a one-sided test statistic [53]. The CLs curves are shown in
Fig. 4 of the End Matter from which the limits on the B+

→ µ+εµω and B+
c → µ+εµω

branching fractions are found to be

B(B+
→ µ+εµω)E→

ω>1GeV < 4.0 (4.6) ↑ 10↑6,

B(B+
c → µ+εµω)E→

ω>1GeV < 1.6 (1.9) ↑ 10↑3,

at 90% (95%) CL. The sensitivity on the branching fraction of the B+
→ µ+εµω decay is

comparable with the result reported in Ref. [18]. For the B+
c → µ+εµω branching fraction,

an upper limit is determined for the first time. These searches are performed for the first
time at a hadron collider and are expected to benefit from the increased luminosity and
improved performance of the upgraded LHCb detector in Run 3 [54].
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Model dependence

๏ LCDA model can change significantly 
spectrum at low  and 

๏ Limited impact on mass signal shape folded 
into measurement

๏ Model dependence of the efficiency left for 
interpretation: maps provided

๏ Small efficiency below 1.5 GeV means lower 
sensitivity to region where QCD 
factorization breaks
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Comparison with Belle

๏ LHCb was not expected to 
provide input on 

๏ LHCb Run 2 result (5.4/fb) 
demonstrates a sensitivity 
close to Belle result (which 
was using improved 
hadronic tagging)

๏ Results perfectly compatible

B+ → ℓνγ

19
0 1 2 3 4

B(B+ ! `+∫`∞) [10°6]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

°
2¢

lo
g
L

LHCb Stat
LHCb Stat+Syst
Belle PRD 98 (2018), 112016
Combination

ℬ (B+ → μ+νμγ)
LHCb

E∗
γ >1GeV

< 4.0 × 10−6

ℬ (B+ → ℓ+νμγ)
Belle

E∗
γ >1GeV

< 3.0 × 10−6

Belle, Phys.Rev.D 98 (2018) 11, 112016
LHCb, arXiv:2607.12825

Averaged over ℓ = e, μ

https://arxiv.org/abs/2607.12825


Martino Borsato - Milano-Bicocca U.

Run 3 potential

๏ LHCb upgraded and collected 
data in Run 3 with  higher rate

๏ Upgraded to software trigger
• no hardware trigger bottleneck for 

electrons
• Dedicated software trigger for 

 and 
• Analysis WIP, first observation at 

reach (?)

× 5

B → μνγee B → eνγee

20

Run 2 analysis

Run 3  
analysis

Upgrade I
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Simplified interpretation as λB
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Naive projections
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Naive projections with ℒ

+potentially measure  dΓ/dEγ

μ0 = 1 GeV
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Measuring ?aFB

๏ The forward-backward asymmetry  is 
sensitive to  and the LCDA shape and it is 
insensitive to the normalisation of the form 
factors

๏ Better sensitivity than BR for large 

๏ Probably very hard to measure due to 
background modelling in 

dΓ
dEγ

=
αemG2

F |Vub |2

6π2
mBE3

γ (1 −
2Eγ

mB
)[ |FV |2 + | ̂FA |2 ]

aFB(Eγ) =
3
2

Re FV
̂F∗
A

|FV |2 + | ̂FA |2

aFB
λB

λB

cos θℓ
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Conclusions
๏ First search for at a hadron collider and 

first ever experimental investigation of  
ever, enabled by photon conversions technique

๏  at 90% CL is 
competitive with Belle and close to SM

๏  is 20–80 times higher 
than SM predictions

๏ The published likelihoods + efficiency maps make 
the result reinterpretable for any LCDA model 

๏ Outlook: LHCb Run 3 has a chance of first 
observation and a  experimental determination 

๏ Farther future: Belle II 50 ab⁻¹ and LHCb Upgrade 
2 reach ~5% on λ_B, with potential for  and 
a first  measurement → measure full LCDA

B+ → μ+νγ
B+

c → μ+νγ

ℬ(B+ → ℓ+νγ) < 4.0 × 10−6

ℬ(B+
c → ℓ+νγ) < 1.6 × 10−3

λB

dΓ/dEγ
aFB
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EOS study inspired by P.Lughausen PhD thesis (Ch 4)

VERY PRELIMINARY
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Belle measurement
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Belle measurement
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