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We correct formulas from [1] for the Bremsstrahlung part of the B → lþl−l0ν0 amplitude for the case of a massive lepton
m0

l ≠ 0 and discuss its impact on the behavior of the distribution at small q2. All results for massless leptons remain
unchanged.

I. THE BREMSSTRAHLUNG CONTRIBUTION

The Bremsstrahlung contribution to the B → γ�l0ν0 amplitude, Ql ¼ QB (see Fig. 1, the momenta are defined such
that p ¼ qþ q0, q0 ¼ kþ k0) for a massive lepton l0 (ml0 ≡m ≠ 0) and a massless neutrino is proportional to ε�αðqÞAL

α

with

AL
α ¼ ifBQBpν

�
ūðkÞγα

q̂þ k̂þm
m2 − ðkþ qÞ2 γνð1 − γ5Þvðk0Þ

�

¼ ifBQB

�
ūðkÞγα

q̂þ k̂þm
m2 − ðkþ qÞ2 ðk̂þ q̂ −mþmÞð1 − γ5Þvðk0Þ

�

¼ ifBQBð−gανÞūðkÞγνð1 − γ5Þvðk0Þ þ ifBQBmūðkÞγα
q̂þ k̂þm

m2 − ðkþ qÞ2 ð1 − γ5Þvðk0Þ

¼ AL;0
α þ AL;1

α ; ð1Þ

where we have isolated two structures AL;0
α and AL;1

α ,

AL;0
α ≡ ifBQB

�
−gαν −

q0αq0ν
q0q

�
ūðkÞγνð1 − γ5Þvðk0Þ; ð2Þ

AL;1
α ≡ ifBQB

�
mūðkÞγα

q̂þ k̂þm
m2 − ðkþ qÞ2 ð1 − γ5Þvðk0Þ þ

q0αq0ν
q0q

ūðkÞγνð1 − γ5Þvðk0Þ
�

¼ ifBQBm

�
ūðkÞγα

q̂þ k̂þm
m2 − ðkþ qÞ2 ð1 − γ5Þvðk0Þ þ

q0α
q0q

ūðkÞð1 − γ5Þvðk0Þ
�
: ð3Þ

These structures are defined such that they contain no singularity at q2 → 0 (except for q02 ¼ M2
B) and satisfy the following

useful relations

qαA
L;0
α ¼ −iQBfBpν ūðkÞγνð1 − γ5Þvðk0Þ; ð4Þ

qαA
L;1
α ¼ 0: ð5Þ

Published by the American Physical Society under the terms of the Creative Commons Attribution 4.0 International license. Further
distribution of this work must maintain attribution to the author(s) and the published articles title, journal citation, and DOI.

PHYSICAL REVIEW D 106, 119901(E) (2022)

2470-0010=2022=106(11)=119901(3) 119901-1 Published by the American Physical Society

https://orcid.org/0000-0003-4654-6933
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.106.119901&domain=pdf&date_stamp=2022-12-16
https://doi.org/10.1103/PhysRevD.106.119901
https://doi.org/10.1103/PhysRevD.106.119901
https://doi.org/10.1103/PhysRevD.106.119901
https://doi.org/10.1103/PhysRevD.106.119901
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


II. COMBINING AL;0
α WITH THE HADRONIC CONTRIBUTION

Recall that the hadronic tensor T5
αν given by Eq. (2.3) of [1] satisfies the following Eq. (2.5) of [1]

qαT5
αν ¼ iQBfBpν:

Therefore, it is convenient to combine the hadronic contribution to the amplitude AðB → lll0ν0Þ with AL;0
α and write

AaxialðB → γ�l0ν0Þ ¼ Að0Þ
axialðB → γ�l0ν0Þ þ Að1Þ

axialðB → γ�l0ν0Þ; ð6Þ

where [l̄0 ≡ ūðkÞ, ν0 ≡ vðk0Þ]

Að0Þ
axialðB→ γ�l0ν0Þ ¼ ie

GFffiffiffi
2

p Vubε
�
αðqÞl̄0γνð1− γ5Þν0

��
gαν −

qαqν
q2

�
q0qf1A þ

�
q0α −

q0q
q2

qα

�
½pνf2A þ qνf3A� þQBfB

qαpν

q2

�

þ ie
GFffiffiffi
2

p Vubε
�
αðqÞ; l̄0γνð1− γ5Þν0

�
QBfB

�
−gαν −

q0αq0ν
q0q

��
; ð7Þ

and

Að1Þ
axialðB → γ�l0ν0Þ ¼ e

GFffiffiffi
2

p Vubε
�
αðqÞAðL;1Þ

α : ð8Þ

AðL;1Þ
α contains both axial and vector parts; here only the axial part contributes. The explicit form of AðL;1Þ

α is not important
for our argument—only its property (4) and the absence of a singularity at q2 ¼ 0 are essential.

III. Að0Þ
axial

Using Eq. (2.14) from [1], one obtains

Að0Þ
axialðB → γ�l0ν0Þ ¼ ie

GFffiffiffi
2

p Vubl̄0γνð1 − γ5Þν0ε�αðqÞ ×
�
ðgανq0q − q0αqνÞ

F1A

MB
þ q0αqν

F2A

MB
þ q0αq0ν

�
F0
2A

MB
−

2QBfB
M2

B − q2 − q02

��
:

ð9Þ

Notice the new term accompanying the form factor F0
2A compared to Eq. (2.15) of [1]. By virtue of (2.17) from [1], the term

proportional to q0αq0ν vanishes at q2 ¼ 0 in agreement with Ref. [2].

IV. Að1Þ
axial

It is important to check that Að1Þ
axial which contains factorm does not generate contributions to jAj2 finite at q2. To show this

we consider the following quantity (the sum runs over polarizations of l0 and ν0)

FIG. 1. Feynman diagram describing the Bremsstrahlung amplitude.
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Lαβðq; q0Þ ¼
X
leptons

AL;1
α ðq; q0ÞAL;1

β ðq; q0Þ ¼ ðq2gαβ − qαqβÞC1ðq2; q02Þ þ ðq2q0α − qqqαÞðq2q0β − qqqβÞC2ðq2; q02Þ: ð10Þ

The Lorentz structure of Lαβ is dictated by its symmetry, Lαβ ¼ Lβα, and the transversity condition qαA
L;1
α ðq; q0Þ ¼ 0.

Moreover, the invariant functions C1;2ðq2; q02Þ have no poles at q2 ¼ 0 since the amplitude AL;1
α ðq; q0Þ was defined such

that it is finite at q2 ¼ 0. After the convolution with the leptonic tensor corresponding to lþl−, we see that the amplitude
AL;1 generates a contribution that has zero at q2 ¼ 0. The same conclusion may be drawn for the interference term
A0
BremsA

L;1.

V. CONCLUSION

So we conclude that Eq (4.4) of [1] for Aj2m0
l
should be modified by replacing F0

2A → F0
2A − 2QBfB=ðM2

B − q2 − q02Þ. By
virtue of (2.17) from [1], the latter combination vanishes at q2 → 0 thus providing no enhancement of jAj2m0

l
at small q2. We

therefore conclude that the lepton mass effect plays no role also in B → eþe−μνμ decay.
The first line of Table III of [1] should read

Mode q2 ¼ ½4m2
e; 4m2

μ� q2 ¼ ½4m2
μ; 0.4 GeV2� q2 ¼ ½0.4 GeV2, 1 GeV2] q2 ¼ ½1 GeV2; q2max� Total

eþe−μνμ 1.96 × 10−8 6.79 × 10−9 2.51 × 10−8 4.14 × 10−10 5.19 × 10−8

Equation (6.3) from [1] takes the form

BrðB → eþe−μνμÞ ¼ ð5.241þ2.6
−1.05jλb � 0.70jweak ffsÞ10−8:
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