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Objectives

® To fix the gauge invariance of matrix element.
® To get the O(a) QED correction for the decay width (B — K£7¢~) and RI’ée.

® To discuss the collinear divergences and their cancellation.
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® The non-IR term is important to see the K Tk :
cancellation of collinear divergences.

Representative diagrams of real emissions

® Charge conservation and integrating over photons
momentum Kk gives:

~ Qinﬂ ill j kigftaxmimj p;-P J ! dx k;%zax ! dx P J% —
Bij = In 5 —2 In 5 —2 In —2
27 A’EE; 2 | ). pi E; Iy ps A

Where, 2p. =(1+x)p;+(1-x)p; 2E =(1+xE+(-xE  2p.={+x)pn;— (1 —x)ppy;
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Virtual photon corrections

® Due to contact term: Contain ultraviolet divergences

B

—> get cancelled for leptons but remained for charged mesons

® Our method to construct the contact term provides (O(e) term whereas the
obtained UV divergence is at @(62). .

® Proposed solution: There may be higher dimensional operators to absorb this UV
divergence or a new formalism is required to derive CT.

® Discarded the leftover UV divergences. The finite part is proportional to momenta of
particles and numerically it contributes to ~ 1.4%.
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® Evaluating virtual diagrams:
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® The Coulomb factor :
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of the electron mass compared to muon mass.
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Results

® Correction factor for the electron is about three
times larger than that for the muons (both are
negative) and this difference is due to smallness
of the electron mass compared to muon mass.

® The QED corrections impact more massive charged
particles significantly less compared to lighter
particles.

® There is a mild dependence on the photon
energy cut k.

® It is sensitive to 0. , particularly for the case of

electrons. Choosing 6., . ~ few degrees, this
sensitivity essentially disappears. For muon, it is
not that sensitive.
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® A%, shows deviation from unity in the Standard
K

model .

® log m, terms correspond to hard collinear logs.

® We can see the explicit cancellation by choosing a
different set of kinematical variables,

t = (Pp _Pk)2, s = (py +P2)2: X =(pp+ k)*and
g* = (p, + p3)* and E, in the rest frame of

(g + k)%. With a different method results match
with G. Isidori et. al.[JHEP 12 (2020) 104].
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~ few degrees. We have also shown

the cancellation of hard collinear divergences with the proper choice of kinematical variables.
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