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Kaon physics is at an important experimental juncture with respect to the ongoing measurements of
several observables. This work will build on the existing status by formulating different phenomeno-
logical analyses corresponding to different paths that may lie ahead. Beginning with the golden
channels, K™ — ztvv and K, — 7%, the paper will eventually cast the spotlight on the importance of

a precise measurement of BR(K; — 7°¢//). The phenomenological analyses involve sequentially
adding kaon physics observables at the projected final precision of their respective measurements to the
global fit. More specifically, we consider three different scenarios with different sets of observables
assumed at their final precisions. Beginning with BR(K* — z*wp) and BR(K; — 7n°vb), we sequen-
tially add BR(K; — 7°¢e) and BR(K; — 7°ufi) to the global fit. The evolution of the result from one
scenario to the next makes a strong case for the consideration of future measurement of

BR(K, — 7°¢¢).
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Introduction. Kaon physics experiments have reached a
critical crossroads that deserves investigation of possible
avenues. There are specific observables in the kaon sector
that have been under intense experimental scrutiny to
further augment our understanding of the Standard
Model (SM). They include the golden channels: BR(K™ —
atup) at NA62 [1] and BR(K; — 7%0) at KOTO [2,3],
the rare decay modes BR(K™ — 7 puji) at NA62 [4] and
Kg — pjii at LHCb [5]. These analyses were preceded by
several past endeavors that are inclusive of those at E787
[6,7] and E949 [8-11] for K™ — ztvp, at E865 [12] and
NA48/2 [13] for BR(K" — ztee) and at NA48/2 [14] for
BR(K' — zuji). Each of them left a specific imprint on
our understanding of the extent of new physics (NP) beyond
the Standard Model. However, it has become increasingly
relevant to conduct a phenomenological study that would
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not only present a unified picture but also paint the different
phenomenological goals that could be achieved based on the
future evolution of these experiments.

In the first study of its kind for kaon decays, a global
analysis was undertaken using a (V —A) ® (V — A) type
operator basis [15]. The connections between the
kaon decays with neutrinos and other charged leptons
were facilitated by the SU(2) symmetry that links
the corresponding Wilson coefficients (6Cy = —6C()
for the decay modes. By means of reasonable assump-
tions for the projected sensitivity for the measurement of
different observables for the experiments, it illustrated
the importance of pursuing a long-term kaon physics
program.

While the study in [15] was comprehensive in its own
right, it also had the potential to expand its frontiers. The
consideration of operators beyond the (V —A) @ (V — A)
type would also open the doors for new observables that
could be proposed for measurements. In particular, they
include right-handed, scalar, and tensor operators. A novel
prescription on obtaining bounds on the scalar operators
from the K+ — #t£7 was proposed in [16]. A compre-
hensive global analysis using different combinations of
operators is currently in progress. Another important
ingredient is the consideration of the possible impact on
a precise measurement for K; — 7%/ on the global fits.

Published by the American Physical Society
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This mode offers one of the best opportunities to test direct
CP violation. While the SM prediction of the branching
ratio is of the order of ~107!!, the current experimental
bounds are roughly 1 order of magnitude away [17,18].
This is characteristic of both of the lepton modes
(¢ = e,p). Given the fact that experimental bounds and
computed SM values are relatively close, it offers a strong
motivation to consider its measurement in an upcoming
experiment.

This constitutes the primary goal of the paper where it
will plant the seed for a serious deliberation of the
measurement of BR(K; — z°£7) at the proposed upgrade
of KOTO, viz., KOTO-II [19,20]. Borrowing the method-
ology in [15], the paper will illustrate the extent to which
the parameter space can be reduced giving projections
guided by anticipated precision levels at the conclusion of
NAG62 and KOTO-II experiments. While the global fit will
include all observables as those in [15], the projections will
include the proposed improved precision for only a subset
of them. They include BR(K" — z"vp) with 15% pro-
jected precision at NA62, BR(K; — z%w) with 25%
projected precision at KOTO-II, and BR(K; — z°¢7) also
with 25% projected precision at KOTO-II. In order to
understand the impact of each of these precisions on the
eventual global fit, the numerical analysis is divided into
three scenarios where observables are progressively
added. Scenario 1 only includes improved future mea-
surements of BR(K* — ztvp) and BR(K; — 7'up).
Thereafter, scenario 2 and scenario 3 sequentially add
BR(K; — n’cé) and BR(K; — 7n°uji), respectively, at
their expected precisions to the global fits. The
progressive reduction in the available parameter space
of the Wilson coefficients in going from the present
experimental status to scenarios 1-3 makes a strong case
for the measurement of BR(K; — z°/7) with the speci-
fied precision. In all scenarios, we have maintained the
theoretical precision at the current level (see, e.g.,
Refs. [21,22] for the status of potential theoretical
advancements).

Theoretical methodology. The global analyses follow the
methodology established in [15], where the effective
Hamiltonian parametrizing the s — d transitions is
given as

4G
7_(eff = 4 /?'Sd

Zcfof,

(2.1)

where A} = Vi V,,. In general, the summation over the
index k represents the inclusion of all types of operators.
In this analysis, however, we restrict ourselves to the
following three types of operators:

09 (SyﬂPL )(?y"f), Ofo = (EJ’MPLd)(?V’%f)v
07 = (57, PLd)([Der* (1 = y5)ve),

with P, = (1 —y5)/2 and the Wilson coefficients include
both the SM and the NP contribution: C§ = C{SM + 5CY.
The presence of a SU(2), gauge symmetry permits the
correlation of the Wilson coefficients between the
charged and the neutral leptons. This assumption also
leads to the following relation between the Wilson
coefficients in the chiral basis: 6C§ = —8C7, = 6CY.
Thus, all of the results will only be presented in terms
of the respective 6C% for the leptons. This particular
choice of operators facilitates a direct comparison with
the results of [15] thereby highlighting the potential
impact of new observables with the prospect of
KOTO-II [23].

These operators can influence a large set of s — d
observables, a subset of which is considered for the
numerical analyses and listed below:

(i) K* — ntwvw and K, — n°vi: The presence of neu-
trinos in the final state of the decay of the kaon
makes the long-distance contributions subdominant.
In the SM, the mode is driven almost entirely by
short-distance physics and this is a potential window
to contributions beyond the SM. The computation of
the branching fraction involves a sum over the three
neutrino species. In the language of Wilson coef-
ficients, there is a possibility of both constructive/
destructive interference between the §C;**. As a
result, even a measurement consistent w1th the SM
does not necessarily imply the absence of NP
contributions as potential lepton flavor universality
violating (LFUV) effects could cancel each other
in such a manner that a SM value is measured. This
can readily be seen in Fig. 5 (in “the Appendix”)
where a range of NP contributions results in the
prediction of BR(K" — zwvp) in agreement with
the SM (the donut shape). The ongoing phase of
the measurement of the respective branching frac-
tion of these modes [1,2] makes it interesting from
a phenomenological perspective.1 The NA62 has
the sensitivity to probe the SM value of BR(K* —
atwp) with a 15% final precision [21,25]. While
the ongoing analyses at KOTO is not expected to
reach the SM value for the BR(K, — 7'v), the
proposed KOTO-II can probe it with a 25%
sensitivity [23].

(i) K+ — #nt¢¢: In the SM, the dominant contribution
to this decay mode is through the single photon

'"Very recently, after the completion of our study, the NA62
collaboration presented for the first time a measurement of
BR(K" — #twp) with a statistical significance of 5¢ [24]. This
has not lead to any significant impact on our conclusions
regarding future prospects.
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(iii)

exchange due to K — zy* and is driven by the vector
form factor [W(z) = a, + b, z] [26-28]. This is a
multifaceted decay mode as its consideration either
individually (# =e or u) or together can open
different doors for new physics explorations. In
the case of the former, the study of the decay
spectrum and measurement of forward-backward
asymmetry can be a portal to non-SM-type operators
[16]. In the case of the latter, comparing the structure
of W(z) for the electron and muon can provide
concrete hints for deviation in the lepton flavor
universality hypothesis by means of the computation
of the difference a4 —a’, [15,29]. The electron
mode was measured at the E865 [12] and
NA48/2 [13] experiments. For the measurements
in the muon mode, there is both an existing dataset
from NA48/2 [14], and one ongoing in NA62 [4].
This mode will be considered in the context of
LFUV and its existing precision will be kept in the
fits for all projected scenarios.

K} s — pji: A common feature to both of the decay
modes is the dominant long-distance contribution.
The amplitude for K; — pji is driven by the CP-odd
contributions. This facilitates an interference be-
tween the long-distance (LD) and the short-distance
(SD) contributions leading to a non-negligible value
of its branching fraction in the SM. Consequently,
the decay K; — ppii is characterized by a very
precise measurement of its branching fraction
[30]. However, there is yet an unresolved ambiguity
on the SM contribution owing to an undetermined
sign in the long-distance contribution. At the
current level of theoretical precision, the sign of
the long-distance (LD) contribution does not have a
significant impact on the global fits. For this paper,
we choose the positive sign (LD+) for the LD
contribution [15,31] (corresponding to destructive
interference between short- and long-distance con-
tributions). The sign of the LD contribution is
discussed in [32-37].

On the other hand, the amplitude for K¢ — pji is
driven by the CP-even contributions [38-40].
Thus, any SD physics of the form (SM-like)
considered here will be suppressed and thus lead-
ing to a very small branching fraction. Any
enhancement in the branching fraction is not
possible for reasonable values of the Wilson co-
efficients of the operators considered here. At
present, this mode is characterized by an upper
bound which is roughly 2 orders of magnitude
away from its SM value [5]. With 300 fb~! of data
[41], the LHCD is expected to reach an upper
bound 6.4 x 10712 at 95% CL on the branching
fraction [5,42,43]. Thus, this mode will have the
least influence on the projected fits.

(iv) K, — #°¢¢: These modes are characterized by four
different contribution: (1) A direct CP-violating
contribution due to short-distance physics [44—47],
(2) an indirect CP-violating contribution induced
due to K° — K° oscillation [26], (3) an interference
term resulting from the two mentioned contributions
[26,48-50], and (4) CP-conserving piece due to
yy — €€ rescattering [51-55]. This makes this mode
a promising testing ground for direct CP violation
[26]. The existing status of their measurement is
roughly 1 order of magnitude away from their
respective SM predictions [17,18]. KOTO-II will
be expected to play a crucial role in reaching the SM
expectation. We consider a potential measurement of
both these modes at 25% precision.

Table I provides a numerical summary of this
section with the values for the precisions used in this
analysis. A theoretical exposition for each of the decay
modes is given in [15] where the computation of the SM
and the corresponding theoretical uncertainties are
detailed. That analysis serves as a benchmark based on
which the proposal in this paper is formulated and detailed
in the next section.

Numerical methodology. For our study, we consider a
global fit to all rare kaon decays mentioned in the previous
section using a frequentist approach:

7(6C7) =Y (0P (5CT) - 07)Ci (0 (6CT) - 07)

| (3.1)

as implemented in the publicly available Superlso program
[58-62]. Here C; ; is the covariance matrix which entails
the experimental and theoretical uncertainties and correla-
tions, and OM(5CY) and O are the theoretical and
experimental values for the ith observable, respectively.
As mentioned in the previous section and indicated by
O'"(5C%), we only consider NP effects in 6C; = 6Cy =
—0C} in this work. However, this can be further expanded
to also include contributions from scalar and pseudoscalar
operators (e.g., see [16,49] for the impact of the latter
contributions in K — z£¢ decays). We adopt the numerical
prescription of [15] to serve two purposes: first, to highlight
the role of the individual observables to the global fit.
Secondly, it will also emphasize the importance of future
experiments in narrowing down the parameter space of
Wilson coefficients of the operators under consideration.
This analysis would thus present the state of the art for the
future precision of these Wilson coefficients. For simplicity,
we adopt the following relation between the semileptonic
Wilson coefficients:

5CS + 8C! = 5C.

LO11701-3
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TABLE L.

The SM predictions, current experimental values, and projected precisions. In the last column, “Current” signifies that the

measurement precision or the upper bound is maintained at the current experimental level.

Observable SM prediction Experimental results Reference Precision for projections
BR(K* — ntup) (7.86 +0.61) x 107! (106732 £0.9) x 1011 (1] 15% (23]
BR(KY — z%ub) (2.68 +£0.30) x 107! < 1.99 x 107 @90% CL [56] 25% [23]
LFUV(a"' — a%¢ 0 —0.014 £0.016 [4,27] Current
BR(K} — ) (+) (6.821077) x 107° (6.84 +0.11) x 10~° [57] Current

)
BR(K, — upt) (-)
BR(Ks — pjt)

(8.04%599) x 107°
(5.15 4 1.50) x 10~'2

3.461092) x 107!

1.557980) x 107!

1387021y x 107!
)

0.94:()):% x 10711

(
(
(
(

< 6.4 x 1072 @95% CL
(LHCb@300 fb~! [42,43])

25% [23]

< 2.1(2.4) x 1071 @90(95)% CL
(09707 x 1071°)
<28 x 107" @90% CL

<38 x 107" @90% CL 25% [23]

This reduces the dimensionality of the space from 3 to 2.
The current status and the expected sensitivity are given in
Table I. In order to facilitate comparison with the analyses
of [15], the same Cabibbo Kobayashi Maskawa (CKM)
inputs have been used in the computation of the SM
predictions in Table I.

The impact of the current status of measurements on the
Wilson coefficients is illustrated in Fig. 1. For K; — pji we
assume a positive sign for the long distance (LD) con-
tributions. The light (dark) purple bands represent the 68%
(95%) confidence interval regions in the 5C§ — 8C/; plane
and the purple cross represents the best-fit points.

The numerical analysis is rendered more lucid by
distributing it over three scenarios. In going from the first
to the third, we sequentially add specific observables to the
fit to illustrate their potential impacts.

Fit results (20 CL)
- Current data

LD:+ for K, = uu

30

20

-15 -10

-5
6CH =6CF

FIG. 1. Results of the global fit for the scenario 6C} = §C;
with the best-fit point indicated by the purple cross. The fit is
implemented using the existing data with a positive signed long-
distance contribution to K; — uji.

Scenario 1: Projected 15% precision for BR(K™ —
atuvp) and 25% precision for BR(K; — 7).

Scenario 2: Scenario 1+ projected 25% precision
for BR(K;, — n°ce).

Scenario 3: Scenario 24 projected 25% precision
for BR(K, — n°uji).

In the case of projective analyses, the choice of final
measured central values for the observables mandates the
adoption of reasonable assumptions. Since precise future
measurements are unknown, we consider two illustrative
scenarios to capture the range of possible outcomes. We
invoke two possibilities as follows.

Projection A: Observables already measured are kept,
others assumed at their SM values, all with target
precision of KOTO-II.

Projection B: All measurements give current best-fit
point with target precision of KOTO-II. The best-fit
points are obtained from the analyses in Fig. 1.

Results and discussion. With the theoretical and numerical
methodology in place, we now present the inferences of the
analysis for each of the three scenarios. The scenarios
considered are based on estimated improved experimental
precisions. However, we note that future measurements
could achieve even higher precisions than currently antici-
pated; the impact of such improvements on the golden
channels is illustrated in Fig. 5 in the Appendix. The
findings reported in this paper are produced with the
publicly available Superlso program [58—62].

Scenario 1: The two golden channels in kaon physics are
K* — ntvv and K; — 7% owing to their sensitivity to
short-distance physics. As a result, it would be instructive
to see the extent of their impact on the (8C;,8C%)
parameter space at the end of their respective runs for data
accumulation. For the case of Kt — ztup, we assume its

L011701-4
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Fit results (20 CL)
—— Current data
| W Future Precision, Proj. A
I Future Precision, Proj. B

30

20

10

6Ce

-10F

Future Precision
BR(K* -1+ vi): 15%
BR(K - 1°v0): 25%

LD:+ for K, = uu

L L
=15 -10

6CH =6CF

Future Precision
BR(K* > n* vi): 15%
BR(K, - n°v0): 25%

Fit results (20 CL)
—— Current data
| mmm Future Precision, Proj. A

i for Ky = uu

20

10

sCe

1o of individual observables
[ K- upAl, > 0)
B Kt -t b (15%)
K - b (25%)

Supe|

8CH =6CT

L L
=15 -10 -5 0 5

1 1
=5 0

v

Future Precision
BR(K* >+ v0): 15%
BR(K, ~ n°v0): 25%

Fit results (20 CL)
—— Current data
| WEE Future Precision, Proj. B

BB for K — uy

30

20

1o of individual observables

-10F KL—wuu(AfW> 0)

B K* -mtvb (15%)
K, - v (25%)

L

L L L
=15 -10 -5 0

6Cl =6CF

o]

FIG.2. Results corresponding to scenario 1. The top row illustrates the impact on parameter space with the consideration of the golden
channels of kaon decays at their projected precisions. The dark (light) red represents 2¢ CL regions for projection A (B). The left (right)
plot of the lower row gives the impact of the individual observables on the fit for projection A (B).

measurement with 15% precision at NA62 while K; —
7% is expected to be measured with 25% precision at
KOTO-IL The top row of Fig. 2 illustrates the extent of its
impact in comparison to the existing status given by the
pink contour. The two regions inside this contour corre-
spond to the two projections under consideration. While
there is an obvious reduction in the available parameter
space, it is also instructive to see the extent to which the
individual observables influence this reduction. The bottom
row gives the impact of the potential measurements
on the fits for projection A (left) and projection B (right).
In the left plot, the allowed regions for K; — z°v& (orange)
and K* — ntvp (maroon) are different as the former
assumes a SM central value while the central value of
the latter is the same as the current measurement at NA62
((10.6732 £0.9) x 107'") which is about 1o away from
the SM prediction. Since projection B corresponds to
using the best-fit values obtained from the existing fits as
the measured central value for the observables, the orange
and the maroon regions exhibit a larger overlap. In either
plot, inferring from the extent of overlap with the 2o

regions of the fit with the orange contour, suggests
the importance of a precise K; — 7z’v measurement.
The light blue regions are the regions allowed by
BR(K; — pji). The complete immersion of the 26 regions
inside this region indicates the weak influence of the
decay modes on the final fits.

Scenario 2: This scenario is characterized by all the
ingredients of scenario 1 with the addition of a projected
precision for K; — nee. It is assumed that the branching
fraction for this decay mode would be measured with 25%
precision, which is the same as that considered for
K; — n’vi. The 20 regions corresponding to projections
A and B are given in the upper plot of Fig. 3. It illustrates a
further reduction in the available parameter space in
comparison to the corresponding plot in Fig. 2. The fact
that this reduction is due to the addition of K; — n%¢é is
visible in the lower plots of Fig. 3. The dark blue regions
represent the 1o allowed regions of BR(K; — 7%e@)) for
the corresponding projection. The fact that the available
parameter space has moved so as to sit inside the dark blue

LO11701-5
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Fit results (20 CL)
—— Current data
[ W Future Precision, Proj. A
I KFuture Precision, Proj. B

30

201

e

L
=
=)

Future Precision
BR(K* » 17 vi): 15%
BR(K, - n'V7): 25%
BR(K_ > n%ee): 25%

LD:+ for K, - uu

Superiso v4.1

L L
=15 -10

L L
=5 0 5

6CH =6CF

Future Precision
BR(K* >m*v0): 15%
BR(K, - m°vD): 25%
BR(K, - °ee): 25%

Fit results (20 CL)
—— Current data
| mmm Future Precision, Proj. A

LD:+ for K, = uu

20

1o of individual observables
B KT >ntb (15%)
I K= nvb (25%)
K, - nlee (25%)

-10

-15 -10 =5

6CH =6CT

FIG. 3.

Future Precision
BR(K* > ¥ v0): 15%
BR(K - n°vD): 25%
BR(K, - n%e): 25%

Fit results (20 CL)
—— Current data
| WEE Future Precision, Proj. B

LD:+ for K, = uu

1o of individual observables
B KT s atvb (15%)
K = nPvb (25%)
K, - nlee (25%)
n L

—10}

Superlso v4.1

-10 -5 0 5

6CH =6CF

-15

Results corresponding to scenario 2. The top row illustrates the impact on the parameter space with also the inclusion of

BR(K; — n°eé@) to the fits. The dark (light) red represents 26 CL regions for projection A (B). The left (right) plot of the lower row
gives the impact of the individual observables on the fit for projection A (B).

region is suggestive of the impact of the measurement of
BR(K; — neé) on the global fit.

Scenario 3: The final scenario builds on scenario 2 by
adding the observable BR(K; — #°ujt) to the fits. Similar
to the other cases, it goes with the assumption that it will
also be measured with 25% precision. On studying the
results of the fit in the top row of Fig. 4, it seems that there
is no visual reduction in the available parameter space
compared to scenario 2. However, we find that this addition
has the potential to separate the two projections that are
based on two different hypotheses: loosely they are SM-
like and non-SM like. The overall result is quite significant
as it also illustrates the power of precise measurements in
kaon decays on the eventual conclusions. The bottom row
of Fig. 4 gives the impact of the individual observables on
the available regions for either projection. As the available
region due to BR(K; — #°uji) is rather broad due to huge
uncertainties, the dominating observable in this case is also
BR(K; — n%cé) as seen from the overlap of the best-fit
regions with the blue regions.

Conclusions. The rare kaon decay K, — n°/7 is inter-
esting as the current experimental bound is almost at the
door of its SM value. In addition to being a testing
ground for direct CP violation, the mode also has the
possibility to have an influence on the acceptable
parameter space of the Wilson coefficients. The paper
focuses on tapping the potential of its measurement,
with reasonable precision, by undertaking a systematic
global analysis. The work is presented by means of
dividing the numerical methodology into three scenarios,
each of which is attributed to a certain choice of kaon
decay observables. Going from scenario 1-3, it begins
with the golden kaon channels and then the sequential
addition of BR(K; — n%¢e) and BR(K; — n°uji). The
impact is already visible in scenario 2, which signifi-
cantly narrows down the parameter space from existing
status and scenario 1, viz., that uses the golden decay
channels at their projected precisions. Scenario 2 with
the addition of BR(K; — 7°uji) facilitates the first clear
distinction between a SM-like and a NP-like hypothesis.
However, it also presents a need for a detailed
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Fit results (20 CL)
—— Current data
| W Future Precision, Proj. A
B Future Precision, Proj. B

30

20

Future Precision
BR(K* >m*v0): 15%
BRI(K, - n1°v0): 25%
BR(K, - m’ee): 25%
BRI(K - n°up): 25%

LD:+ for K, -

Superliso v4.1

L
~15

L L
=5 0 5

6CH =6CF

Future Precision
BR(K" —»mtv): 15%
)

Fit results (20 CL)
—— Current data

[ s Future Precision, Proj. A | - nee):
BR(K, - n%uy)

LD:+ for K =

20

10

sCe

1o of individual observables
B Kt >t b (15%)
K= nPvo (25%)
K, - nlee (25%)
Ky - nuu (25%)

-10

=15 -10 =5

8CH =6CT

Future Precision

Fit results (20 CL) BRUK® — 1 vo): 15%
= Current data o 59,
[ W Future Precision, Proj. B

+ for Ky -

30 §
BRIK, - n%p1): 25%

sCe

1o of individual observables
B KT »ateb (15%)
K - v (25%)
K, - nlee (25%)
K - nup (25%)
. i

—10}F

Superiso v4.1

L L
-10 =5 0 5

6Cl = 6CF

I
~15

FIG. 4. Results corresponding to scenario 3. The top row illustrates the impact on parameters space with also the inclusion of
BR(K; — n°ujt) to the fits. The dark (light) red represents 26 CL regions for projection A (B). The left (right) plot of the lower row
gives the impact of the individual observables on the fit for projection A (B).

theoretical effort into the calculation of the SM values
and reduction of the corresponding errors. In general,
the study presents a strong case for pursuing a kaon
program with a specific focus on K; decays. With the
ongoing measurement of BR(K; — z%up) at KOTO, its
upgrade to KOTO-II offers an excellent opportunity to
measure the decay mode into both the neutrinos and the
charged leptons. Thus, a new dawn for kaon physics is
essential to view the Standard Model with a new
light.
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Appendix: Further discussions for the golden channels.
To illustrate the impact of reduced uncertainties in the
golden channels, Fig. 5 shows the 1o CL for projection A
assuming uncertainties of 15%, 10%, and 5% for K™ —
atvp and 25%, 15%, and 10% for K; — n°vi. The left
plot follows the same assumptions as the main text
regarding LFUV contributions, where §C§ # §C; = §C7,
while the right plot shows results for 5Cf # 6C§ = 5C3.

It is worth noting that these projections assume no
improvements in theoretical precisions. This explains
why, for instance, reducing the experimental uncertainty
of BR(K™ - zntwp) from 15% to 5% has a somewhat
modest effect on shrinking the 16 CL region, given the
current theory uncertainty of around 8%. This is also seen
for BR(K; — 7°p), where the theoretical uncertainty is
approximately 11%. Nonetheless, future theoretical
advancements are expected, as the primary source of
uncertainty stems from CKM parameters.
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Results corresponding to projection A. In the left plot, new physics contributions respect lepton flavor universality (LFU) in

the muon and tau channels, while in the right plot, LFU is preserved between the electron and tau channels. The colored regions
represent projected precisions of 15% and 25% for the K+ — #*vb and K; — 7% decays, respectively, with dashed and dotted
contours indicating improved projections of 10% and 5% for the former and 15% and 10% for the latter.
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