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Abstract We evaluate the impact of radiative corrections
in the ratios I'[B — Mu*tu~]/T[B — MeTe™] when
the meson M is a K or a K*. Employing the cuts on m%z
and the reconstructed B-meson mass presently applied by
the LHCb Collaboration, such corrections do not exceed a
few %. Moreover, their effect is well described (and corrected
for) by existing Monte Carlo codes. Our analysis reinforces
the interest of these observables as clean probe of physics
beyond the Standard Model.

1 Introduction
The Lepton Flavor Universality (LFU) ratios

fqéax A2 L B=Mput )
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where g2 = m%l, are very clean probes of physics beyond

the Standard Model (SM): they have small theoretical uncer-
tainties and are sensitive to possible new interactions that
couple in a non-universal way to electrons and muons [1].
Strong interest in Rx has recently been raised by the LHCb
result [2]

Ri [1GeV?, 6 GeV? | = 074558 + 0036, ®)
which differs from the naive expectation

(SM)
Rew =1 3)

by about 2.60. The interest is further raised by the com-
bination of this anomaly with other b — s£7£~ observ-
ables [3,4], and by the independent hints of violations of
LFU observed B — D™y, decays [5-7].

While perturbative and non-perturbative QCD contribu-
tions cancel in Rg ) (beside trivial kinematical factors), this
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is not necessarily the case for QED corrections. In particu-
lar, QED collinear singularities induce corrections of order
(a/m)log?(mp/myg) to b — s€T¢~ transtions [8—10] that
could easily imply 10 % effects in R« . The purpose of this
paper is to estimate these corrections and to precisely quan-
tify up to which level a deviation of Rg or Rg+ from 1 can
be considered a clean signal of physics beyond the SM.

2 QED corrections in R,

A complete evaluation of QED corrections to B — M1~
decay amplitudes is a non-trivial task, due to the interplay of
perturbative and non-perturbative dynamics (see e.g. [11]).
However, the problem is drastically simplified if we are only
interested in the LFU ratios Ry, especially in the low dilep-
ton invariant-mass region, and if interested in possible devia-
tions from Eq. (3) exceeding 1 %. In this case the problem is
reduced to evaluating log(m,) enhanced terms, whose origin
can be unambiguously traced to soft and collinear photon
emission. The latter represents a universal correction fac-
tor [12,13] that can be implemented, by means of appropri-
ate convolution functions,! irrespective of the specific short-
distance structure of the amplitude.

2.1 Universal radiation function

Following the above observation, the treatment of soft and
collinear photon emissionin B — M£T £~ closely resemble
that applied to = — 2¢2u decays in Ref. [15]. The key
observable we are interested in is the differential lepton-pair
invariant-mass distribution

! For a discussion of the implementation of universal QED corrections
in a general EFT context see also Ref. [14].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-016-4274-7&domain=pdf
mailto:gino.isidori@lnf.infn.it

440 Page2of 6

Eur. Phys. J. C (2016) 76:440

dI'(B — Mete™)

dg? '
The complete structure of infrared (IR) divergences in the
decay is channel dependent [11]; however, the log(my)
enhanced terms can be factorized and are independent from
the spin of the meson M.

The leading QED corrections can be unambiguously iden-
tified working in the limit of massless leptons, retaining
only the mass terms regulating collinear singularities. In this
limit we define the radiator w(x, x¢), which represents the
probability density function that a dilepton system retains a
fraction /x of its original invariant mass after bremsstrah-
lung. Namely we define x = ¢ /qg, where qg is the initial
dilepton invariant-mass squared (pre bremsstrahlung), and
we introduce the variable x;, = Zm% /qg, which regulates
collinear singularities. In order to match the IR-safe observ-
able directly probed in experiments, the integration range of
x is determined by the requirement that the reconstructed
B-meson mass (m'g®), from the measurement of leptons and
hadron momenta, is above a minimum value.

In order to regulate IR-divergences, we introduce an
(unphysical) IR-regulator x4 (x, < 1), defined as the mini-
mal detectable value of 1 — x. The full radiator w(x, x¢) is
then decomposed as

Figh = 4)

w(x, xg) = w1(x, x)0 (1 —x —x4) +w2(x, x¢, x4)3(1 — x),
)

where the explicit form of w; 2 in the limit (1 —x) < I and
Xp, X K 11s

a 1 5 2x
w1(x,x)) =———| -2+ +x)log|{ — || .
Tl—x Xy

a5 w2
w2 (x, xg, %) =1 — — 1~ — — +2log(xy)
T |4 3

3
+ [5 + 210g(x*)] log (xz—@)} . 6)

The first term, w1, describes the real emission of a photon
such that the lepton pair retains a fraction /x of its invari-
ant mass; the 6-function implements the corresponding IR-
regulator. The second term, w;, describes the events in which
the soft radiation is below the IR-regulator, as well as the
effect of virtual corrections.

We have determined the structure of w; by means of an
explicit O (o) calculation of the real emission, while w; has
been determined by the condition
1—x*

wy(x, xp, x4) = 1 —/ dx w1 (x, x¢), (7)

2xy¢

which, by construction, ensures the independence of the full
radiator from the IR-regulator and the normalization condi-
tion
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1
/ dx w(x,xp) =1. (8)
2

X¢
The latter is valid up to finite (non-log-enhanced) corrections
of O (o /m), which define the accuracy of our approximation.
We can thus write the double differential distribution in
terms of the invariant mass of the dilepton system before
bremsstrahlung and x = ¢2/ qg as

d’r
dqux

= F D@D o(x, xe, %) ©9)

where ]—'](3) (qg) denotes the non-radiative spectrum. Starting
from Eq. (9) we can extract the double differential spectrum
after radiative corrections. To this purpose, we first trade x
for g2, we then integrate over all the possible values of q%

determined by the cut on m's®, namely?

2 2 2 q2 2 m/2\4
40 SqO,max(q ’5)28_2 1+(1_3)m%52—6]2 ’

(10)

where § = m's/mp < 1. Proceeding this way we finally

obtain

& max dg2 2 2
Fl = f o ddy p0) o), (‘]—2, 2#) . an
q* 40 90 90

We stress that the result in Eq. (11) includes both real
and virtual QED corrections. The latter have been indirectly
determined by the normalization condition for w(x, x,), that
is the same condition applied in showering algorithms [16],
and that follows from the safe IR behavior of the photon-
inclusive dilepton spectrum.

Before concluding this section, we summarize below the
size of neglected contributions and the accuracy of this cal-
culation.

e Asanticipated, we do not control O («/m) virtual correc-
tions that are regular in the limit m, — 0. The latter are
expected to be safely below the 1 % level.

e The calculation of the real emission has been done in the
limit m% & g2, which is certainly an excellent approx-
imation in the electron case, while it is less good in the
muon case; however, also in this case the neglected con-
tributions are O («/7) non-log-enhanced terms.

e In the case of a charged meson in the final state, we
should consider also the radiation from the meson leg.
We have checked by means of an explicit calculation at
O (o) (employing a generic hadronic matrix element) that

2 In principle, from a purely kinematical point of view, the cut on mig¢

allow qg values even exceeding the bound in Eq. (10); however, this
occurs only for non-soft and non-collinear emissions that are beyond
our approximations.
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the latter do not interfere with the radiation of the lep-
ton legs at the leading-log level once we integrate over
the leptonic angles.® The radiation of the meson leg can
thus be considered separately by means of an indepen-
dent radiation function. A quantification of its effect in
the BT — K1¢1¢~ case is discussed in Sect. 3.

e Independently of the charge of the meson, an additional
contribution to the real radiation is due to structure-de-
pendent terms (i.e. separately gauge-invariant amplitudes
that vanish in the £, — 0 limit). By construction, these
amplitudes are free from soft singularities but could have
collinear singularities. However, these vanishes after a
symmetry integration over the leptonic angles for the
same argument discussed above.

e In order to quantify the impact of radiative corrections
we need a theoretical input for the non-radiative spec-
trum F I(t,(l)) (qg), whose explicit expression for B — K
and B — K* transitions is discussed in Sect. 2.2. From
Eq. (11) it is clear that, as long as ff,, (qz)/fj(v([)) (g?) is
a smooth function of qz, the relative impact of radiative
corrections in Ry is insensitive to the dynamics respon-
sible for the B — M {1~ decay.

2.2 Parameterization of the non-radiative spectrum

The choice of the radiative spectrum for the B — K¢+~
decay is quite simple. In full generality we can write

2
F@D 02D | £1@D)] [lao @ + lanol?]
(12)

where A(s) = (m‘}g + m‘}( + 52 — Zm%(m% — ZSm%9 -
2sm%<)/m%, f+ (q2) is the B — K vector form factor

(K0)|5y,b 1B(p)) = f+(@)(p+0)" + 0" (13)

and ag (qg) and a( denote the effective Wilson coefficients
of the vector and the axial-vector components of the leptonic
current [17]. For our numerical analysis we use the parame-
terization of the form factor and the numerical values of the
Wilson coefficients from Ref. [17].

In order to provide an effective description of the non-
perturbative distortion of the spectrum induced by the char-
monium resonances, we modify the vector effective Wilson
coefficient as follows:

qz

_m2¢ +imy Iy

2 pert
ayg(q”) = aqg

(%) + Ky — (14)
q

where {my, 'y} are the experimental mass and width of

the J/v¥ (1S) state, and the value of the (real) effective cou-

pling ky has been fixed in order to reproduce B(B — K )

3 This happens because the leptonic current carries an overall neutral
electric charge.

in the narrow width approximation. This description is cer-
tainly approximate (see e.g. the discussion in Refs. [18,19]),
but it provides a good estimate of the region where the
B — KT¢t¢~ spectrum starts to vary rapidly with g2,
which is relevant in order to define the region of validity
of our approach.

As far as the B — K*¢1T¢~ is concerned, we proceed
introducing the standard set of vector, axial, and tensor form
factors

2V (g%

*| g —
(K*|5y,.b|B) = ey

Supare*ppakra (15)
(K*[5y,.y5b1B)

9udp

=ie*P |:2vao(q2) K
q

qudq
+(mp +mv)Ai(g?) (g,w - ’;;’)

Mg —L ((p+k) am? (16)
2\g mg +my p 12 q2 m ’
(K*|5i00q"b |B)) = —2T, (@®)eupore™ pokT, (17)

(K*|5i0,0y5q" b |B)

— (Y [e;Anﬂ — (€ (p+ k)ﬂ]
2
+iT3(¢%) (€ - q) (qu - ﬁ(p + k)u) , (18)

where Am? = sz — m%(* , whose numerical values are taken

from Ref. [20] (and based on the original work in Refs. [21,
22]). With these we proceed evaluating the differential rate
as, for instance, in Ref. [1].

3 Numerical results

The relative impact of radiative corrections in B —
KT ¢*¢~, namely a plot of the ratio

Fe (@

Ry (g?) = K=~
Fi'@?

(19)
is shown in Fig. 1 in the region g2 € [1, 9] GeV?. The dif-
ferent colors correspond to different lepton masses (red for
the electron and blue for the muon). Dashed and full lines
correspond to different choices of the minimal cut on the
reconstructed B-meson mass from the momenta of charged
particles. We have chosen for the latter the two values used
in Ref. [2] for the analysis of the electron modes (m's° >
4.880 GeV, full lines) or the muon modes (m's® > 5.175 GeV,
dashed lines).

@ Springer
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Fig. 1 Relative impact of radiative correction in B — Kt¢te~
decays for q2 €[1,9.5] GeV?2, with different cuts on the reconstructed
mass and different lepton masses

The first point to be noted in Fig. 1 is that Rﬁ (g% is a
smooth function for sufficiently low values of ¢2, while a
sudden rise appear close to the resonance region. The latter
is a manifestation of the radiative return from the J /W peak.
The position where the J /W contamination appears depends
only from the cut imposed on m's®. Even for the looser cut
applied in the electron case the region g2 € [1, 6] GeV? is
free from the J/ W contamination and can be estimated with
good theoretical accuracy (see Fig. 2). To better quantify this
statement we have explicitly checked that varying the phase
of the effective coupling ky in Eq. (14) leads to per-mill
modifications to R‘f( (q?) for g> < 6 GeV?. We also have
explicitly checked that the cut on m's® eliminates photons
fromthe J/ W peak also when considering the full kinematics
of the event, i.e. beyond the soft and collinear approximation
on which we derived Eq. (10).

The second point to be noted is that in the regular region
of the spectrum radiative corrections reach (or even exceed)
the 10 % level for the electrons (as naively expected); how-
ever, the net effect in Ry is significantly smaller. Indeed the
magnitude of the corrections is larger for electron vs. muons,
but it increases for m'g® — mpg. This imply that the specific
choice of m'z cuts applied by the LHCb Collaboration, i.e. a
loose cut for the electrons and a tighter cut for the muons,
give rise to a natural compensation of the QED corrections
to Rg.

The integrated corrections that quantity the modifications
to Rk are reported in Table 1. Given the choice of mg®
applied in Ref. [2], we estimate that radiative corrections
induce a positive shift of the central value of Rx of about
ARk = 43 %. This effect is taken into account by the LHCb
Collaboration, who estimated the impact of radiative correc-
tions with PHOTOS [16], and properly corrected for in the
result reported. We have explicitly checked that our estimate

@ Springer
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Fig. 2 Relative impact of radiative correction in B — K£T£~ (up)
and in B — K*£T¢~ (down) for ¢* € [1, 6] GeV?, with different cuts
on the reconstructed mass and different lepton masses

Table 1 Relative impact of radiative corrections for q2 € [1, 6] GeV2,
with different cuts on the reconstructed mass and different lepton masses

B — K00~ (GeV) =e (%) 0= (%)
m'e = 4.880 -7.6 —-1.8
me = 5.175 —-16.9 —4.6
B — K*0te- =e (%) 0= p (%)
m'se = 4.880 -73 —1.7
mie = 5.175 —16.7 —45

of ARk is in agreement with that obtained with PHOTOS
up to differences within 1 %.*

In order to check the smallness of the non-log(my)
enhanced terms, in Table 2 we report the effect of the radi-
ation from the meson leg that is IR divergent but has no
collinear singularities. We evaluated these terms developing
the corresponding radiator function (see Ref. [14]), whose
implementation depend only on ms°. As can be seen from

Table 2, the results are well below the 1 % level.

4 We thank Rafael Silva Coutinho for a detailed comparison about the
radiative corrections implemented in the LHCb analysis of Rg.
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Table 2 Relative contribution of radiative corrections due emission
from the meson leg, in the Bt — Kt¢+¢~ case, for g2 € [1, 6] GeV?

-0.02 %
—0.18 %

m's = 4.880 GeV
m's = 5.175 GeV

The impact of radiative corrections in the B — K*£T¢~
decays is shown in Fig. 2 and summarized by the integrated
values reported in Table 1. The situation is very similar to the
BT — Kt¢*¢~: employing the same m'§° cuts for electron
and muon modes as in Ref. [2], we find that the net impact of
radiative corrections is ARg+ = +2.8 %. Also in this case
this effect is well described by PHOTOS and therefore can

be properly corrected for in future experimental analyses.

4 Conclusions

The experimental result in Eq. (2) has stimulated a lot of
theoretical activity [23-53]. In view of this result and, espe-
cially, in view of possible future experimental improvements
in the determination of Rg or R+, we have re-examined the
SM predictions of these LFU ratios.

As we have shown, log(m)-enhanced QED corrections
may induce sizable deviations from Eq. (3), even up to 10 %,
depending on the specific cuts applied to define physical
observables. In particular, a key role is played by the cuts
on g = m,%l and on the reconstructed B-meson mass. The
former is important to avoid rapidly varying regions in the
dilepton spectrum (where the theoretical tools to compute
QED corrections become unreliable), while the latter defines
the physical IR cut-off of the rates. Employing the cuts pre-
sently applied by the LHCb Collaboration, the corrections
in Rg do not exceed 3 %. Moreover, their effect is well
described (and corrected for in the experimental analysis) by
existing Monte Carlo codes.

According to our analysis, a deviation of Rg or R+ from
1 exceeding the 1 % level, performed along the lines of
Ref. [2] in the region 1 GeV? < ¢? < 6 GeV?, would be
a clear signal of physics beyond the Standard Model.

Acknowledgments We thank Rafael Silva Coutinho and Nicola Serra
for useful discussions of the LHCb analysis of Rg, and Danny van Dyk
for help with the numerical implementation of B — K* form factors.
This research was supported in part by the Swiss National Science
Foundation (SNF) under contract 200021-159720.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

Funded by SCOAP3.

References

1. G. Hiller, E. Kruger, Phys. Rev. D 69, 074020 (2004).
arXiv:hep-ph/0310219
2. R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 113, 151601
(2014). arXiv:1406.6482
3. S.Descotes-Genon, L. Hofer, J. Matias, J. Virto. arXiv:1510.04239
. W. Altmannshofer, D.M. Straub. arXiv:1503.06199
5. J.P.Leesetal. [BaBar Collaboration], Phys. Rev. Lett. 109, 101802
(2012). arXiv:1205.5442
6. M. Huschle et al. [Belle Collaboration], Phys. Rev. D 92, 072014
(2015). arXiv:1507.03233
7. R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 115, 111803
(2015). arXiv:1506.08614
8. T. Huber, T. Hurth, E. Lunghi, JHEP 1506, 176 (2015).
arXiv:1503.04849
9. T. Huber, T. Hurth, E. Lunghi, Nucl. Phys. B 802, 40 (2008).
arXiv:0712.3009
10. T. Huber, E. Lunghi, M. Misiak, D. Wyler, Nucl. Phys. B 740, 105
(2006). arXiv:hep-ph/0512066
11. J. Gratrex, M. Hopfer, R. Zwicky, Phys. Rev. D 93, 054008 (2016).
arXiv:1506.03970
12. D.R. Yennie, S.C. Frautschi, H. Suura, Ann. Phys. 13, 379 (1961)
13. S. Weinberg, Phys. Rev. 140, B516 (1965)
14. G. Isidori, Eur. Phys. J. C 53, 567 (2008). arXiv:0709.2439
15. M. Bordone, A. Greljo, G. Isidori, D. Marzocca, A. Pattori, Eur.
Phys. J. C 75, 385 (2015). arXiv:1507.02555
16. N. Davidson, T. Przedzinski, Z. Was. arXiv:1011.0937
17. M. Bartsch, M. Beylich, G. Buchalla, D.-N. Gao, JHEP 0911, 011
(2009). arXiv:0909.1512
18. F. Kruger, L.M. Sehgal, Phys. Lett. B 380, 199 (1996).
arXiv:hep-ph/9603237
19. J. Lyon, R. Zwicky. arXiv:1406.0566
20. D. van Dyk et al, “EOS A HEP Program for Flavor
Physics”. http://project.het.physik.tu-dortmund.de/eosproject.het.
physik.tu-dortmund.de/eos
21. M. Beneke, T. Feldmann, D. Seidel, Nucl. Phys. B 612, 25 (2001).
arXiv:hep-ph/0106067
22. M. Beneke, T. Feldmann, D. Seidel, Eur. Phys. J. C 41, 173 (2005).
arXiv:hep-ph/0412400
23. R. Alonso, B. Grinstein, J. Martin Camalich, Phys. Rev. Lett. 113,
241802 (2014). arXiv:1407.7044
24. G. Hiller, M. Schmaltz, Phys. Rev. D 90, 054014 (2014).
arXiv:1408.1627
25. G. Hiller, M. Schmaltz, JHEP 1502, 055 (2015). arXiv:1411.4773
26. D. Ghosh, M. Nardecchia, S.A. Renner, JHEP 1412, 131 (2014).
arXiv:1408.4097
27. S.Biswas, D. Chowdhury, S. Han, S.J. Lee, JHEP 1502, 142 (2015).
arXiv:1409.0882
28. T. Hurth, F. Mahmoudi, S. Neshatpour, JHEP 1412, 053 (2014).
arXiv:1410.4545
29. S.L. Glashow, D. Guadagnoli, K. Lane, Phys. Rev. Lett. 114,
091801 (2015). arXiv:1411.0565
30. B. Gripaios, M. Nardecchia, S.A. Renner, JHEP 1505, 006 (2015).
arXiv:1412.1791
31. B. Bhattacharya, A. Datta, D. London, S. Shivashankara, Phys.
Lett. B 742, 370 (2015). arXiv:1412.7164
32. A. Crivellin, G. D’Ambrosio, J. Heeck, Phys. Rev. Lett. 114,
151801 (2015). arXiv:1501.00993
33. A. Crivellin, G. D’ Ambrosio, J. Heeck, Phys. Rev. D 91, 075006
(2015). arXiv:1503.03477
34. 1. de Medeiros Varzielas, G. Hiller, JHEP 1506, 072 (2015).
arXiv:1503.01084
35. D. Aristizabal Sierra, F. Staub, A. Vicente, Phys. Rev. D 92,015001
(2015). arXiv:1503.06077

IN

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/hep-ph/0310219
http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1510.04239
http://arxiv.org/abs/1503.06199
http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1506.08614
http://arxiv.org/abs/1503.04849
http://arxiv.org/abs/0712.3009
http://arxiv.org/abs/hep-ph/0512066
http://arxiv.org/abs/1506.03970
http://arxiv.org/abs/0709.2439
http://arxiv.org/abs/1507.02555
http://arxiv.org/abs/1011.0937
http://arxiv.org/abs/0909.1512
http://arxiv.org/abs/hep-ph/9603237
http://arxiv.org/abs/1406.0566
http://project.het.physik.tu-dortmund.de/eosproject.het.physik.tu-dortmund.de/eos
http://project.het.physik.tu-dortmund.de/eosproject.het.physik.tu-dortmund.de/eos
http://arxiv.org/abs/hep-ph/0106067
http://arxiv.org/abs/hep-ph/0412400
http://arxiv.org/abs/1407.7044
http://arxiv.org/abs/1408.1627
http://arxiv.org/abs/1411.4773
http://arxiv.org/abs/1408.4097
http://arxiv.org/abs/1409.0882
http://arxiv.org/abs/1410.4545
http://arxiv.org/abs/1411.0565
http://arxiv.org/abs/1412.1791
http://arxiv.org/abs/1412.7164
http://arxiv.org/abs/1501.00993
http://arxiv.org/abs/1503.03477
http://arxiv.org/abs/1503.01084
http://arxiv.org/abs/1503.06077

440 Page 6 of 6

Eur. Phys. J. C (2016) 76:440

36.

37.

38.

39.

40.

41.

42.

43.

44,

D. Becirevic, S. Fajfer, N. Kosnik, Phys. Rev. D 92,014016 (2015).
arXiv:1503.09024

A. Crivellin et al.,
arXiv:1504.07928

A. Celis, J. Fuentes-Martin, M. Jung, H. Serodio, Phys. Rev. D 92,
015007 (2015). arXiv:1505.03079

R. Alonso, B. Grinstein, J. Martin Camalich, JHEP 1510, 184
(2015). arXiv:1505.05164

L. Calibbi, A. Crivellin, T. Ota, Phys. Rev. Lett. 115, 181801
(2015). arXiv:1506.02661

A. Greljo, G. Isidori, D. Marzocca, JHEP 1507, 142 (2015).
arXiv:1506.01705

D. Guadagnoli, K. Lane, Phys. Lett. B 751, 54 (2015).
arXiv:1507.01412

S. Sahoo, R. Mohanta, Phys. Rev. D 93, 034018 (2016).
arXiv:1507.02070

A. Crivellin, J. Heeck, P. Stoffer, Phys. Rev. Lett. 116, 081801
(2016). arXiv:1507.07567

Phys. Rev. D 92, 054013 (2015).

@ Springer

45.

46.

47.

48.

49.

50.

51.

52.
53.

A. Falkowski, M. Nardecchia, R. Ziegler, JHEP 1511, 173 (2015).
arXiv:1509.01249

H. Pas, E. Schumacher, Phys. Rev. D 92, 114025 (2015).
arXiv:1510.08757

A. Carmona, F. Goertz, Phys. Rev. Lett. 116, 251801 (2016).
arXiv:1510.07658

M. Bauer, M. Neubert, Phys. Rev. Lett. 116, 141802 (2016).
arXiv:1511.01900

S. Fajfer, N. Kovnik, Phys.
arXiv:1511.06024

R. Barbieri, G. Isidori, A. Pattori, F. Senia, Eur. Phys. J. C 76, 67
(2016). arXiv:1512.01560

S. Sahoo, R. Mohanta, Phys. Rev. D 93, 114001 (2016).
arXiv:1512.04657

D. Buttazzo, A. Greljo, G. Isidori, D. Marzocca. arXiv:1604.03940
B. Capdevila, S. Descotes-Genon, J. Matias, J. Virto.
arXiv:1605.03156

Lett. B 755, 270 (2016).


http://arxiv.org/abs/1503.09024
http://arxiv.org/abs/1504.07928
http://arxiv.org/abs/1505.03079
http://arxiv.org/abs/1505.05164
http://arxiv.org/abs/1506.02661
http://arxiv.org/abs/1506.01705
http://arxiv.org/abs/1507.01412
http://arxiv.org/abs/1507.02070
http://arxiv.org/abs/1507.07567
http://arxiv.org/abs/1509.01249
http://arxiv.org/abs/1510.08757
http://arxiv.org/abs/1510.07658
http://arxiv.org/abs/1511.01900
http://arxiv.org/abs/1511.06024
http://arxiv.org/abs/1512.01560
http://arxiv.org/abs/1512.04657
http://arxiv.org/abs/1604.03940
http://arxiv.org/abs/1605.03156

	On the standard model predictions for RK and RK*
	Abstract 
	1 Introduction
	2 QED corrections in RM
	2.1 Universal radiation function
	2.2 Parameterization of the non-radiative spectrum

	3 Numerical results
	4 Conclusions
	Acknowledgments
	References


