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Abstract

In this precision era, it has become evident to have precise expressions and con-
struct theoretically clean observables to match with the experiments. Here, we
discuss O(a) QED corrections to B — K /"¢~ modes. The structure of the con-
tact term 1s fixed by demanding gauge invariance of the real emission amplitude.
The calculation 1s done by providing fictitious mass (A) to the photon, which
acts as IR regulator, and results are shown to be independent of it. QED etfects
are tound to be negative. Electron channel 1s shown to receive large correction

O(20%). We also discuss the impact on lepton flavour universality (LFU) ratio
(R).

Introduction

e Quark transitions due to Flavour Changing Neutral Currents (FCNCs) are both
loop and CKM suppressed which make them important candidates to test the
Standard Model (SM) and possibly the search tor New Physics (NP).

* The quest of the precision test of SM leads us to construct theoretically clean
observables. The decay modes B — K/7/~ allow to test the lepton flavour
universality (LFU), defined via
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e The SM and experimental values are'

0.060+0.016
* Within the SM, if the kinematical range 1s chosen such that the dilepton invari-
ant mass 1s way larger than the mass of considered leptons then 1t 1s expected

that the ratio of two branching fractions 1s unity to a high accuracy.

'LHCDb collaboration, Test of lepton universality in beauty-quark decays, 2103.11769.
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*The strong interaction effects are included via RGEs and form factors. The
considered ratio 1n this kinematical range 1s less sensitive to uncertainties due
to form factors.

Matrix element analysis

The effective Hamiltonian for b — s¢*¢~ transition 1S

f@ﬁ:4—wg@§jc (1)

* Non-radiative:
The matrix element for non-radiative decay:
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The matrix element for the emission of photon from the external legs 1s:
- (P, + k) —my
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where, H,(pi, p;) = f+(pi +pj)u+ f-(Di — D)),



Leptonic part ~ Gauge invariant * The non-IR term 1s important to see the cancellation of collinear divergences.
Hadronic part Not gauge invariant e Charge conservation and integrating over photons momentum k& gives:
Total amplitude Not gauge invariant , - , | N
5 Qz@ﬂﬂb kmaxmimj Pi-Py / dx kmaa: / dx Py
B = In —In + —In | =
27T )\QEZ'E]' 2 1 p% E(% 1 p% )\2
Main Objectives ] ]
where,
1. To fix the gauge invariance of matrix element. 2pe = (1+2)pi+ (1 — 2)p;
2.To get the O(a) QED correction for the decay width and R’ 2F, = (1+2)E; + (1 — 2)E,
3.To discuss the collinear divergences and their cancellation. 2pt = (1+x)pm; — (1 — x)pm;

. s * There will be one such term for neutral mesons and six for charged mesons.
Real Photon emission

* Contact Term (CT): The addition of a CT (i.e. e(Qp+Q x)Eak, [u(p2)"v(ps)]) Virtual photon corrections

1s required to preserve gauge invariance.
e Virtual photon corrections due to contact term: Contain ultraviolet diver-

gences which get cancelled tor leptons but remained tor charged mesons.

B [ B It
g : * Our method to construct the contact term provides ((e) term whereas the ob-
tained UV divergence is at O(e?).
* Proposed solution: There may be higher dimensional operators to absorb this
UV divergence or a new tormalism 1s required to derive CT.
K [~ K [~ K [~

* Discarded the leftover UV divergences. The finite part 1s proportional to mo-
menta of the particles and numerically it contributes to ~ 1.4%.

B I+ B I* B I
e Evaluating the rest of virtual diagrams;
_ -
Mvirtual — MO 1 +ab A O T MCT (3)
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Figure: Representative diagrams contributing to real emission and virtual corrections(X :Photon emission) A\? 4 1 m;imm; 2 1 p;? \?
*The total contribution to the real photon emission amplitude B(p;,) — * The Coulomb factor (Sommerfeld enhancement factor):
K (p1)l*(p2)l~(p3)y(k) is sum of Low’s IR term and M'(k)( contribution from
2y 2
the contact term added properly) N | 00 =11, —EZ& @27;10‘ - B = \/ | (7;7:;?)9-2’
et = Non_radiag’f(my width <1 204 Lo??t/erm> Non—IR%)IIl/tribution ) 3:;: Relative velocity between i and ;' particle.



Total O(«a) QED corrections to ') and observable Ry

*The total decay rate: dl,.,; = dl
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The shift, Ape: Al = R (T — 5

pe —
R

Results

e Correction factor for the electron 1s
about three times larger than that for
the muons (both are negative) and
this difference 1s due to smallness of
the electron mass compared to muon
mass.

*The QED corrections impact more
massive charged particles signifi-
cantly less compared to lighter parti-
cles.

*There 1s a mild dependence on the
photon energy cut k..

O

<]

-0.15[

-0.20 -
o :

-0.25[

1

Ae(c)(kmax =25 MeV, cht - 0.510)

-------- Ae(c)(kmax — 25 MeV, cht — 20)

|
|
|
|
|
>
®

(C) kmax =25 MeV, cht - 30)

(
(

(c)

>
®

kmax — 125 MeV, ecut e 30)

11111111111111111111111111

Figure 1: O(«v) corrections to charged B — Ke'e™.
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Figure 2: O () corrections to charged B — Kpu™ ™.
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Figure 3: O () corrections to charged R;".
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Figure 4: 10g 17/ terms et. al.[JHEP 12 (2020) 104].

Summary and Conclusions

1. We have fixed the contact term demanding the gauge invariance of the matrix
amplitude.

k rrection . . .
Observ. e (?O ectio * The differential decay rate is found to
(cht = 3 ) (lll %) :
. be independent of IR regulator used
JAN 125 MeV ~ 14 . .
; and thereby showing the cancellation
A“ 125> MeV_ |~ > of soft divergences
Ry 125 MeV  ~ & 5

2. The effect of collinear divergence 1s taken care by choosing 6.,; ~ few degrees.
We have also shown the cancellation of hard collinear divergences with the
proper choice of kinematical variables.

3.The corrections are found to be negative.



