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Rare decays mediated by b → sνν̄ transitions have been reported by the Belle II experiment. The
branching ratio of the decay Bþ → Kþνν̄ is found to be enhanced with respect to the standard model value.
If taken at face value, the implications are profound; either lepton flavor universality is violated at the
(multi)-TeV-scale, or light new physics is involved. This holds in general if BðBþ → Kþνν̄Þ exceeds
1.2 × 10−5ð1.3 × 10−5Þ at 1σ (2σ), which tightens with a decreasing upper limit on BðB → K�νν̄Þ, that is in
reach of the Belle II experiment. In view of the strong constraints on electron-muon universality violation in
jΔbj ¼ jΔsj ¼ 1 processes, viable explanations are heavy, (5–10)-TeV tree-level new physics mediators
that couple only to tau-flavors, or lepton flavor violating ones. In addition, couplings of similar size to
both left- and right-handed quarks are generically required, implying nonminimal beyond the standard
model sectors which are carefully balanced against flavor constraints. The decay B0

s → invisibles can
shed light on whether new physics is light or heavy. In the former case, branching ratios can be as large
as 10−5.

DOI: 10.1103/PhysRevD.109.015006

I. INTRODUCTION

Flavor changing neutral currents (FCNCs) are ideally
suited to test the standard model (SM) due to their
suppression by loops, flavor mixing angles and the
Glashow-Iliopoulos-Maiani mechanism. jΔbj ¼ jΔsj ¼ 1
transitions have been targeted for searches for new physics
(NP) since the end of the past millennium. Rare B-meson
decays into muons, and to a lesser degree electrons, or a
photon have received particular scrutiny at the B-factories
Belle and BABAR, and the LHC-experiments [1].
The decays into dineutrinos, FCNCs mediated by

b → sνν̄ transitions have not been observed yet, as the
final state involves invisibles which make the search for
decays with branching ratios of order 10−5 or below
experimentally challenging. On the other hand, dineutrino
modes have been identified as theoretically very clean
probes of the SM for some time, e.g., [2–6]. Interestingly,

the Belle II Collaboration recently evidenced for the first
time the decay Bþ → Kþνν̄ [7,8]

BðBþ → Kþνν̄Þ ¼ ð2.3� 0.7Þ × 10−5; ð1Þ
in excess of the previously best upper 90% C.L. limit by
Belle [9]

BðBþ → Kþνν̄Þ < 1.9 × 10−5; ð2Þ
and the SM value1

BðBþ → Kþνν̄ÞSM ¼ ð4.29� 0.13� δgÞ × 10−6: ð3Þ
Here, we update our previous prediction [11] by employing
the hadronic B → K transition form factor fþ from a
combined fit [12] of the latest lattice QCD results from
the HPQCD Collaboration [13] with results from light cone
sum rules [14]. The value (3) is more precise but consistent
with previous evaluations [11], also [15,16]. We only spell
out the form factor uncertainites, as they constitute the main
single source of uncertainty and, what is more important for
the subsequent analysis, the others are from global input
such as Cabibbo-Kobayashi-Maskawa (CKM)-elements
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1The tree-level background process Bþ → τþð→ Kþν̄Þν [10]
gives a branching ratio of ∼5 × 10−7 [11], about ten percent of the
FCNC one in the SM (3), and is negligible at this level of
experimental accuracy.
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and perturbative Wilson coefficients, subsumed in δg ≃ 0.2
when added in quadrature, which essentially drop out from
the test of lepton flavor universality [11].
Taken at face value, the new result (1) exceeds the SM

value by a factor of 3 to 7, and constitutes a deviation around
2.7σ. The result [7,8] is based on a combination of an
inclusive tag analysis using 404 fb−1 yielding an enhanced
branching ratio BðBþ → Kþνν̄Þincl ¼ ð2.7� 0.5ðstatÞ �
0.5ðsysÞÞ × 10−5, with a deviation of ∼3.3σ from the
SM, and one with a hadronic tag, 362 fb−1 of data,
with larger uncertainties and consistent with the SM,
BðBþ → Kþνν̄Þhad ¼ ð1.1þ0.9

−0.8ðstatÞþ0.8
−0.5ðsysÞÞ × 10−5. The

enhancement (1) hence relies on the inclusive tag. In the
future, significantly improved data can be expected from
Belle II [17] to shed light on this anomaly.
The aim of this paper is to explore the implications of an

enhanced BðBþ → Kþνν̄Þ model-independently and apply
the lepton universality test proposed in Ref. [11] to the
Belle II data.

II. MODEL-INDEPENDENT INTERPRETATION

We employ the usual weak effective Hamiltonian for
b → sνν transitions

Heff ¼ −
4GFffiffiffi

2
p α

4π

X
ν;ν0

½Cνν0
L Oνν0

L þ Cνν0
R Oνν0

R � þ H:c:; ð4Þ

where Cνν0
L;R;O

νν0
L;R denote lepton-specific Wilson coeffi-

cients and dimension-six operators, respectively, renormal-
ized at the scale μ ∼mb. Furthermore, GF and α denote the
Fermi’s constant and the finestructure constant, respec-
tively. The semileptonic four-fermion operators read

Oνν0
L ¼ ðs̄γμPLbÞðν̄γμPLν

0Þ;
Oνν0

R ¼ ðs̄γμPRbÞðν̄γμPLν
0Þ; ð5Þ

with chiral projectors PL;R ¼ ð1 ∓ γ5Þ=2. Within the SM,
the (lepton universal) Wilson coefficients are given by
Cνν0
SML ¼ λtXSMδνν0 , with XSM ¼ −12.64� 0.15 [18] and

λt ¼ VtbV�
ts ¼ −0.0398� 0.0008 [1]. Further, right-handed

currents Cνν0
SMR are suppressed by ms=mb, and negligible.

We parameterize dineutrino branching ratios in terms of
Wilson coefficients and SM input such as hadronic form
factors, prefactors from Heff and meson masses, see
Ref. [11] for details, as

BðBþ → Kþνν̄Þ ¼ ABKþ xþ;

BðB0 → K�0νν̄Þ ¼ ABK�
þ xþ þ ABK�

− x−;

x� ¼
X
ν;ν0

jCνν0
L � Cνν0

R j2; ð6Þ

where Cνν0
L ¼ Cνν0

SML þ Cνν0
NPL and Cνν0

R ¼ Cνν0
NPR. Numeri-

cally, we find ABKþ ¼ ð5.66� 0.17Þ × 10−6 employing a

recent fit of the associated form factor [12]. Moreover,
we use ABK�

− ¼ ð8.88� 1.08Þ × 10−6 and ABK�
þ ¼ ð2.00�

0.29Þ × 10−6 from Ref. [11].
Due to parity-conservation of the strong interaction the

branching ratio of B → Kνν̄ depends only on xþ, i.e.,
ABK
− ¼ 0. On the other hand, the decay into strange vectors

is predominantly sensitive to the x− combination, ABK�
− ≫

ABK�þ [19]. A combination of both K and K� final states
hence allows to resolve left- and right-handed new
physics. It is also clear that in the absence of right-handed
currents x− ¼ xþ the decays become fully correlated, and
conversely, their correlation is only broken by the right-
handed currents.
We first analyze the impact of the new measurement of

BðBþ → Kþνν̄Þ alone. Comparing the data (1) to the
SM (3) one extracts allowed regions of the Wilson
coefficients. We emphasize that the interpretation depends
on the lepton flavor structure. Assuming lepton flavor
universality, the sum in xþ (6) collapses to a factor three
times the universal diagonal entry, xþ ¼ 3jλtXSM þ Cunivj2.
Here, we used for the new physics contribution Cuniv ¼
Cνν
NPL þ Cνν

NPR (no sum over ν), and obtain

Cuniv ∈ ½0.5; 0.8�; Cuniv ∈ ½−1.8;−1.5�; ð7Þ

where the first region corresponds to the one with the SM-
sign while the second one interferes destructively and
hence requires a larger NP effect.
New physics couplings with more general lepton flavor

patterns are larger. In case of universality violation but
conserved lepton flavor, xþ ¼ 2jλtXSMj2 þ jλtXSM þ Cνj2,
whereCν ¼ Cνν

NPL þ Cνν
NPR (no sum over ν), denotes a single

NP contribution coupling to a species with flavor ν. We find
the ranges

Cν ∈ ½1.0; 1.7�; Cν ∈ ½−2.7;−2.0�: ð8Þ

In the presence of purely lepton flavor violating couplings
there is no interference with the SM contribution,
xþ ¼ 3jλtXSMj2 þ jCνν0 j2, where Cνν0 ¼ Cνν0

NPL þ Cνν0
NPR

(ν; ν0 fixed), refers to a single NP contribution coupling to
species with flavors ν and ν0. This yields the ranges

Cνν0 ∈ ½−2.1;−1.4�; Cνν0 ∈ ½1.4; 2.1�: ð9Þ

A combination of both B → Kð�Þνν̄ modes allows to
probe Cνν

NPL and Cνν
NPR individually. For the strange

vector the best 90% C.L. upper limit is obtained by
Belle [9]

BðB0 → K�0νν̄Þ < 1.8 × 10−5: ð10Þ

It is about a factor of two away from the SM value [11]
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BðB0 → K�0νν̄ÞSM ¼ ð8.24� 0.99Þ × 10−6: ð11Þ
Using the available information on the Bþ → Kþνν̄ and

B0 → K�0νν̄ branching ratios, we get the following ranges
for x�:

2.8 ≤ xþ ≤ 5.0; x− þ 0.2xþ ≤ 2.0: ð12Þ

The first inequality is determined by (1), while the second
one by (10). These limits can be visualized in the Cνν0

NPL −
Cνν0
NPR plane by assuming LU, cLFC, and LFV, considering

a single lepton flavor contribution in the last two. This is
illustrated in Fig. 1. One observes that the SM (black
diamond) is inconsistent with the data, and that order one
and similar values of both quark chiralities are required,2

Cνν0
NPR ∼ Cνν0

NPL ∼ 1; ð13Þ

which can have either sign. Assuming tree-level, unsup-
pressed mediators ∼OL;R=Λ2, this implies a scale Λ of new
physics to be roughly of

Λ ∼ ð5–10Þ TeV; ð14Þ

which can be probed at the HL-LHC [20,21]. We also show
in Fig. 1 the allowed 1σ-region (blue horizontal line) of
Cνν
NPR using results from a global fit performed with dimuon

data (17), see Ref. [11] for details. This region gives the

strongest constraint on the right-handed couplings assum-
ing lepton universality. We learn that the other lepton
universal solutions (light blue areas) are excluded.

III. TESTING UNIVERSALITY

The full power of the combined analysis of B → Kð�Þνν̄
modes unfolds once SUð2ÞL-symmetry is involved, as this
enables a combination of the dineutrino modes with
processes with charged (left-handed) leptons. Explicit
proposals for charm, beauty and top sectors have been
put forward in Ref. [22], and an analysis targeted at
B-decays in [11]. Interestingly, the method allows to
perform novel tests of lepton flavor universality using
processes into dineutrino final states, which are not flavor
tagged and reconstructed as missing energy.
We give here the basic steps of the analysis, and then

present the results, harvesting the new data (1), together
with other improvements over the original study [11],
where further details can be seen.
The starting point is the correlation through the Wilson

coefficients, (6): The one-to-one correlation via Cνν
NPL

between the modes with pseudoscalar and vector final
state is broken by the right-handed currents, Cνν

NPR. We
constrain the latter with limits from global b → sγ; sμμ
fits [11,23]. The relevant ingredient here is the operator3

O23ij
ld ¼ D̄2γμD3L̄iγ

μLj, where L denotes SUð2ÞL-
doublet-leptons with flavor indices i, j and D2;3 denote
down-type SUð2ÞL-singlet quarks of second and third
generation, also known as strange and beauty.O23ij

ld induces
both Oνν0

R , and right-handed b → slþ
j l

−
i transitions. Due to

the flavor-blind reconstruction of dineutrino modes the
lepton mixing matrix cancels out in the amplitude squared
due to unitarity [22]. We neglect contributions from
Z-penguin operators which are constrained by electroweak
observables, or mixing [24,25]. In our analysis we employ
the limits on dimuons, li;j ¼ μ, which are the strongest.
Imposing this limit for the other lepton flavors and
neglecting lepton flavor violation, we obtain predictions
based on lepton universality.
To see how this works algorithmically, we obtain from

(6) an analytical formula [11]

BðB0 → K�0νν̄ÞLU
¼ ABK�

þ
ABKþ

BðB → Kνν̄ÞLU

þ 3ABK�
−

 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BðB → Kνν̄ÞLU

3ABKþ

s
∓ 2Cνν

NPR

!
2

; ð15Þ

FIG. 1. Global constraints on Cνν0
NPL and Cνν0

NPR assuming LU
(blue), cLFC (green), and LFV (orange) from Eq. (12). The SM
prediction is represented by the black diamond. The dashed lines
illustrate the constraints at 1σ from Eq. (1), see the first inequality
in Eq. (12). In addition, the allowed 1σ-region ofCνν

NPR is displayed
(darker blue), see Eq. (17), assuming lepton universality and using
results from a global fit performed with dimuon data.

2There is a small region allowed for a single cLFC coupling
(blue) consistent with Cνν

NPL ¼ 0 with Cνν
NPR ∈ ½1.0; 1.3�.

3At the technical level, this is an operator within the standard
model effective theory, that holds for new physics at a scale Λ
sufficiently above the weak scale v ¼ ð ffiffiffi

2
p

GFÞ−1=2 ≃ 246 GeV.
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where the subscript ‘LU’ indicates that in this expression
lepton universality is understood. For Cνν

NPR ≲Oð1Þ and
SM-like BðBþ → Kþνν̄Þ or larger, Eq. (15) is well-
approximated by

BðB0 → K�0νν̄ÞLU ≃
ABK�
þ þ ABK�

−

ABKþ
BðB → Kνν̄ÞLU; ð16Þ

which, of course, is exact if Cνν
NPR ¼ 0. Numerically,

ðABK�
þ þ ABK�

− Þ=ABKþ ¼ 1.92� 0.21. It becomes apparent
that form factor uncertainties entering the A� parameters
are the dominant ones. From a global fit using updated data
and the same approach as Ref. [11], we obtain using
dimuon data

Cνν
NPR ¼ λtð0.38� 0.28Þ: ð17Þ

Figure 2 illustrates the central result of our works. The
correlation between B0 → K�0νν̄ and Bþ → Kþνν̄ consis-
tent with lepton universality (15) (red area), has no overlap
with the Belle II data (1) (vertical orange band) once the
90% C.L. excluded region (10) (horizontal gray area) is
respected. Taken at face value, this means nonuniversality is
back. Compared to [11], the reach of universality conserva-
tion (red area) is significantly more narrow, as a result of the
smaller uncertainty in theB → K form factor fþ. This holds
generically for enhanced branching ratios with

BðBþ → Kþνν̄ÞLUV > 1.2 × 10−5ð1.3 × 10−5Þ; ð18Þ
corresponding to 1σ (2σ). It follows also that the room for
lepton universality conservation gets tighter with a

decreasing upper limit on, or a corresponding future
measurement of BðB → K�νν̄Þ. The green area is the one
accessible with the EFT parametrization (6), with boundary

BðB0 → K�0νν̄Þ ≥ ABK�
þ xþ ¼ ABK�

þ
ABKþ

BðBþ → Kþνν̄Þ;

≈ 0.35BðBþ → Kþνν̄Þ; ð19Þ
where we have used x� ≥ 0. The intersection of the orange
band with the green area yields a lower limit,

BðB0 → K�0νν̄ÞEFT ≳ 6 × 10−6: ð20Þ

We learn that the correlations matter and also that the
smaller details on the SM values for the dineutrinos
branching ratios, such as uncertainties in CKM-input
regarding exclusive or inclusive determinations of λt, which
cancel at leading order (16), do not play a role in the main
conclusions. The method testing universality works irre-
spective of this, however the main uncertainties in the A
parameters, i.e. form factors dominate the width of the red
area, hence govern the room reachable with universality
conserving new physics.
We also give further SUð2ÞL-based implications. We

start with rare decays into taus. Equation (1) implies a large
contribution in bR → sRτþτ−, Cνν0

NPR ∼ 1 for left-handed
taus. Considering this NP effect in the decays Bs → τþτ−,
and B → Xτþτ− with X ¼ K;K�;ϕ, we find branching
ratios as large as

BðB0
s → τþτ−Þ ≲ 1.7 × 10−5; ð21Þ

and

BðBþ → Kþτþτ−Þ≲ 3.1 × 10−6;

BðB0 → K�0τþτ−Þ≲ 2.4 × 10−6;

BðB0
s → ϕτþτ−Þ≲ 2.2 × 10−6; ð22Þ

where here and in the following in the semi-tauonic
branching ratios a cut q2 > 15 GeV2 in the dilepton

invariant mass squared is understood. We used C0ττ
9 ¼

−C0ττ
10 ¼ Cνν

NPR
2λt

defined in the Hamiltonian for dileptons

Heff ¼ − 4GFffiffi
2

p α
4π λtðC0ττ

9 s̄RγμbRτ̄γμτ þ C0ττ
10 s̄RγμbRτ̄γ

μγ5τÞ.
Since jC0ττ

9;10j > jCSM
9;10j destructive interference between

new physics and the SM contributions can arise to some
extend. However, due to the different sensitivity to right-
handed currents in decays into vector hadrons, which is
similar to the one of purely leptonic decays, and pseudo-
scalar final hadrons [19], see also the discussion after (6), at
least one of them is enhanced, as demonstrated in Fig. 3.
This encourages the experimental study of more than
one type of tauonic mode. Belle II projections for

FIG. 2. Branching ratios of B → K�0νν̄ and Bþ → Kþνν̄ in the
SM (black cross), where for graphical reasons the uncertainty in
BðBþ → Kþνν̄Þ has been inflated to 10% to the value in (3). In
addition, the Belle II data (1) (vertical orange band) and the
90% C.L. excluded region (10) (horizontal gray area) are shown.
The red (dark red) area (15) denotes the 1σ (2σ) region that is
consistent with lepton flavor universality. The green area is the
one consistent with (6) and (19).
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5 ab−1 (50 ab−1) are BðB0
s → τþτ−Þ ≤ 8.1ð−Þ × 10−5 and

BðBþ → Kþτþτ−Þ ≤ 6.5ð2.0Þ × 10−5 [17]. Furthermore, at
the FCC-ee collider one expects about 1000 B0 →
K�0τþτ− events, about a hundred more than at Belle II
[26]. Note, BðB0

s → τþτ−ÞSM ¼ ð6.93� 0.30Þ × 10−7,
BðBþ → Kþτþτ−ÞSM ¼ ð1.17� 0.14Þ × 10−7, BðB0 →
K�0τþτ−ÞSM ¼ ð0.87 � 0.11Þ × 10−7, and BðB0

s →
ϕτþτ−ÞSM ¼ ð0.81� 0.10Þ × 10−7 [11], recalling that we
used a kinetic cut on the ditau mass squared q2 > 15 GeV2.
Equations (21) and (22) motivate nearer term searches for
B0
s → τþτ−, while the semitauonic modes may be suffi-

ciently enhanced by new physics to be seen at Belle II; they
can be studied in detail at the FCC-ee.
Let us briefly consider further NP contributions to the tau

modes that are apriori unrelated to the dineutrino modes.
Left- and right-handed taus interfere in the semileptonic
modes (22) only at order ðmτ=mBÞ2 or via electromagnetic
b → s dipole operators [27], both of which are subleading
effects. Therefore, no large cancellations between the
different types of tau couplings can occur. In addition,
again, due to the complementarity between decays into
vector and pseudoscalar final hadrons [19] possible can-
cellations of the bRsRτLτL-contributions with left-handed
quark FCNCs cannot affect both types of decays, so at least
one of them should be enhanced.
As b → s FCNCs into dineutrinos (charged dileptons)

are SUð2ÞL-related to t → c FCNCs with charged dileptons
(dineutrinos), the NP hint from Belle II point towards
significant new physics effects in ctll processes [22].

IV. LIGHT NEW PHYSICS

The universality test relies on the assumption that new
physics is heavy, that is, confined to the Wilson coeffi-
cients. If new physics is light, for instance, sterile neutrinos,

or dark fermions, further operators arise, and contribute to
the signal in B → Kð�Þþ missing energy. Additional
observables and correlations need to be invoked to test
this possibility. Besides invalidating the EFT-bound (20),
light new physics can induce decays of B0

s → invisibles.
In the presence of scalar (S) and pseudoscalar (P)

operators,

Oνν0
SðPÞ ¼ ðs̄PRbÞðν̄ðγ5Þν0Þ;

Oνν0 0
SðPÞ ¼ ðs̄PLbÞðν̄ðγ5Þν0Þ; ð23Þ

as in models with additional light right-handed neutrinos,
the modes B0

s → νν̄ and B → Kð�Þνν̄ become strongly
correlated [11]

BðB0 → K�0νν̄ÞS;P
BðBþ → Kþνν̄ÞS;P

≈ 113

�
y−

yþ

�
; ð24Þ

BðB0
s → νν̄ÞS;P

BðBþ → Kþνν̄ÞS;P
≈ 79

�
y−

yþ

�
; ð25Þ

with the combination of Wilson coefficients

y� ¼
X
ν;ν0

ðjCνν0S � Cνν
0

S j2 þ jCνν0P � Cνν
0

P j2Þ: ð26Þ

Combining (24) and (25), we obtain

BðB0
s → νν̄ÞS;P ≈ 0.7BðB0 → K�0νν̄ÞS;P

< 1.3 × 10−5; ð27Þ

where Eq. (10) has been employed. Equation (27) gives the
maximal branching ratio allowed by the current data when
including S and P operators. Presently, no dedicated
experimental search for B0

s → invisibles exists4; however,
the projected sensitivities of Belle II could help to shed
light in this regard, BðB0

s → νν̄Þ < 9.7ð1.1Þ × 10−5 for
0.12 ð0.5Þ ab−1 [17]. Note that a possible contribution
from Majorana neutrinos is much smaller, BðB0

s → ννÞ ≲
1.2 × 10−9 [29].

V. HEAVY FLAVORFUL MEDIATORS

We briefly comment on the challenges for heavy
mediator models addressing the b → sνν̄ branching ratios.
Since the ratios of muon to electron branching fractions

in b → s transitions, RK;K� [27], are consistent with
lepton universality [30], requisite universality violation
to address the data could arise from tau-flavors, or lepton
flavor violating ones. Let us discuss leptoquarks

FIG. 3. Branching ratios of B → K�0τþτ− and Bþ → Kþτþτ−
in the SM (black dot) and for cLFC heavy NP in taus via SUð2ÞL
consistent the Belle II data (1) for CR > 0 (red) and CR < 0
(blue). The width of the bands and the SM dot reflect theory
uncertainties (form factors, CKM matrix elements, and the top
mass). Branching ratios are given for q2 > 15 GeV2.

4Recently an upper limit BðB0
s → invisiblesÞ < 5.9 × 10−4 at

90% C.L. has been obtained using a recast of LEP-data [28],
which is weaker than (27).
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interpretations, which are flavorful mediators of new
physics and suitable for flavor and collider searches
[31]. Leptoquark coupling to a single lepton-species such
as tau-flavor can be engineered with flavor symmetries
[32,33]. Representations that induce tree-level CL are the
scalar singlet S1, the scalar triplet S3 and the vector triplet
V3 [32]. Conversely, the doublet scalar S̃2 and the doublet
vector V2 induce CR only. As couplings to both quark
chiralities need to be present at similar size, see Fig. 1, this
requires at least two different leptoquark representations,
one for CL and one for CR. Models that feed only into one
type of coupling cannot address the new Belle II result in
full, for example [34–38], as well as those with loop-level
contributions to b → sνν̄ transitions [39].
However, in the above lists there is no representation for

CL that does not also feed into the charged current b → cτν,
subject to constraints. So in order to achieve a viable model,
couplings need to be tuned and possibly further degrees of
freedom, that is yet another representation or another
coupling as some representations have more than one,
need to be invoked for a complete picture. This could imply
a beyond the standard model (BSM) sector as complex as
with three leptoquarks.
To illustrate this we present a leptoquark scenario that

induces new physics in CL with tau-specific S1ð3̄; 1; 1=3Þ
and in CR with S̃2ð3; 2; 1=6Þ, noting that this model is
incomplete and needs further ingredients, a concrete
example of which is given below, to evade the b → cτν
constraints. Here we also spelled out the representations
under the SM group SUð3ÞC × SUð2ÞL ×Uð1ÞY , and
denote the leptoquark mass byMR where the representation
R ¼ S1; S̃2;… is indicated by the subscript.
Using [31], we obtain for CL from S1

CS1
L ¼ π

α

v2

M2
S1

ybτ1 ysτ�1 : ð28Þ

Similarly, for S̃2, which corresponds to R̃2 in [31],

CS̃2
R ¼ −

π

α

v2

M2
S̃2

ysτ2 y
bτ�
2 : ð29Þ

Using (13) and with order one Yukawas y1, y2 this gives
leptoquark masses around 5 TeV. This is above present
LHC limits [40].
To complete the S1; S̃2-scenario one could add a vector

singlet V1ð3; 1; 2=3Þ. This leptoquark representation does
not induce tree-level b → sνν̄ but b → cτν, and can
suppress BSM effects in the latter by canceling the
S1-induced contribution to the charged-current mode with

ybν1 ycτ�1

2M2
S1

≃ −
xcν1 xbτ�1

M2
V1

: ð30Þ

We also note that instead of S1 one could have used
S3ð3̄; 3; 1=3Þ for CL, with Yukawa y3, and

CS3
L ¼ π

α

v2

M2
S3

ybτ3 ysτ�3 ; ð31Þ

and Yukawa-mass dependence as S1 (28), and correspond-
ing tuning with V1,

ybν3 ycτ�3

2M2
S3

≃þ xcν1 xbτ�1

M2
V1

: ð32Þ

Unlike the S1, the triplet S3 also induces tree-level
s̄LbLτþτ−, hence enhances the branching ratios for ditau
modes (21) and (22), which are based on right-handed
currents only, by up to a factor of two.

VI. CONCLUSIONS

The recent measurement of the Bþ → Kþνν̄ branching
ratio by Belle II points to a value enhanced over the SM one.
While this apparently challenges the SM, we show that this
challenges lepton flavor universality as well, unless new
physics is light. This conclusion holds generally for any
BðBþ → Kþνν̄Þ in excess of the limit (18), which includes
the experimental finding (1). This is manifest from Fig. 2,
showing that there is no overlap between the regions allowed
by Bþ → Kþνν̄ (orange band), B → K�0νν̄ (below the gray
band) and intersecting the universality reach (red region).
Since the ratios of muon to electron branching fractions

in b → s transitions, RK;K� [27], are consistent with lepton
universality [30], requisite universality violation to address
the data could arise from tau-flavors. More general explan-
ations could also involve lepton flavor violation, which
strengthens the motivation for searches in B → Kð�Þτþτ−,
B0
s → τþτ−, B → Kð�Þτl, l ¼ e, μ. We stress however that

the requisite mass scale is quite low (14), and therefore
explicit models with tree-level mediators (leptoquarks, Z0)
need to be carefully balanced to avoid other flavor con-
straints, notably those from b → cτν data. This implies
very involved model building with nonminimal particle
content. We discuss this for leptoquark models, and find
that more than two different type of couplings, or repre-
sentations are required. The b → sμμ anomalies in the
angular distributions and reduced semileptonic branching
ratios would need additional lepton flavor-specific new
physics.
The enhanced Bþ → Kþνν̄ branching ratio (1)

reported [7,8] relies on the inclusive tagging analysis.
Further experimental analyses with higher statistics are
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required to shed light on this anomaly. In addition, searches
for the decay B0

s → invisibles should be pursued as limits
on its branching ratio are helpful to understand whether
new physics is heavy, or light degrees of freedom not
captured by the weak effective theory contribute to
B → Kinvisibles. The new Belle II result could imply
branching ratios BðB0

s → νν̄Þ as large as 10−5.

Note added. During the final stages of this work a related
article [41] on the Belle II measurement appeared.
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