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The LHCb Collaboration’s measurement of RK ¼ BðBþ → Kþμþμ−Þ=BðBþ → Kþeþe−Þ lies 2.6σ
below the Standard Model prediction. Several groups suggest this deficit to result from new lepton
nonuniversal interactions of muons. But nonuniversal leptonic interactions imply lepton flavor violation inB
decays at rates much larger than are expected in the Standard Model. A simple model shows that these rates
could lie just below current limits. An interesting consequence of our model, that BðBs → μþμ−Þexp=
BðBs → μþμ−ÞSM ≅ RK ≅ 0.75, is compatible with recent measurements of these rates. We stress the
importance of searches for lepton flavor violations, especially for B → Kμe, Kμτ, and Bs → μe, μτ.
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The LHCb Collaboration recently measured the ratio of
decay rates for Bþ → Kþlþl− (l ¼ μ; e), obtaining [1]

RK ≡BðBþ →Kþμþμ−Þ
BðBþ →Kþeþe−Þ ¼ 0.745þ0.090

−0.074ðstatÞ� 0.036ðsystÞ:

ð1Þ

This result is a 2.6σ deficit from the Standard Model (SM)
expectation, RK ¼ 1þOð10−4Þ [2–4].
Previous measurements of RK by the Belle and BABAR

Collaborations [5,6] had considerably greater uncertainties
but were consistent with the SM prediction. The LHCb
determination was made for 1 < q2 ¼ M2

ll < 6 GeV2 in
order to be well below the radiative tail of the J=ψ . LHCb
also measured the B → Kμþμ− branching ratio in this q2

range [7]. The updated result, based on its full Run I data
set of 3 fb−1, is [8]

BðBþ → Kþμþμ−Þ½1;6� ¼ ð1.19� 0.03� 0.06Þ × 10−7:

ð2Þ

The SM prediction [9–11]

BðBþ → Kþμþμ−ÞSM½1;6� ¼ ð1.75þ0.60
−0.29Þ × 10−7 ð3Þ

is about 45% higher. Whether this is the cause of the RK
deficit is suggestive, but not certain. Another possibility is a
problem in the B → Keþe− measurement, since LHCb
performs better in the μμ than in the ee channel, the latter
being hampered by bremsstrahlung and poorer statistics
[1]. On the other hand, bremsstrahlung effects largely
cancel in the experimental observable, and results for
B → Keþe− are consistent with SM expectations.
The LHCb results for RK and for anomalies in the

B → K�μþμ− angular distributions (discussed below) have

attracted much theoretical attention [12–29].
References [13,16–21,23–25,28] proposed the existence
of particles at or above 1 TeV that induce new and
nonuniversal lepton interactions. Such interactions violate
lepton flavor unless the leptons involved are chosen to
be mass eigenstates—an unjustifiable act of fine tuning.
No known symmetry principle protects lepton flavor
conservation in the presence of lepton nonuniversality.
Thus, LHCb’s reported value of RK implies, e.g., that
B → Kð�Þμ�e∓ and B → Kð�Þμ�τ∓ must occur at rates
much higher than would occur in the SM due to tiny
neutrino masses. We urge that these and other lepton flavor
violations (LFVs) be sought with renewed vigor in LHC
Run II and elsewhere.
To illustrate the sort of LFV processes that might be seen

in B decays, the limits that currently exist on lepton mixing,
and the potential for discovery of LFV, we consider a
simple but well-motivated interaction that can account
for the known features of the RK deficit, is consistent with
existing limits on LFV, and produces effects that may be
observable in LHC Run II. The LHCb data on B →
Kð�Þlþl− suggest that, despite the detector’s superior
measurement of muons vis-à-vis electrons, the RK result
is due to a ∼25% deficit in the muon channel. If so, then
LFV is larger for muons than for electrons. This is naturally
accounted for by a third-generation interaction of the type
that would be expected, e.g., in topcolor models [30].
Furthermore, recent theoretical analyses [13,27,31] indicate
that the Hamiltonian for B → Kð�Þμþμ− (and Bs → μþμ−)
is best described by the SM and new physics (NP) terms

HSMþNPðb̄ → s̄μþμ−Þ ≅ −
4GFffiffiffi

2
p V�

tbVts
αEMðmbÞ

4π

× ½b̄LγλsLμ̄ðCμ
9γλþCμ

10γλγ5Þμ�
þ H:c:; ð4Þ
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where Cμ
i ¼ Cμ

i;SM þ Cμ
i;NP are Wilson coefficients with

Cμ
9 ≅ −Cμ

10 > 0. The NP contributions to these coefficients
are opposite in sign to the SM contributions, i.e. the lepton
current is approximately of V − A form. Therefore, we
assume that the third-generation interaction giving rise to
the NP part of this Hamiltonian is

HNP ¼ Gb̄0Lγ
λb0Lτ̄

0
Lγλτ

0
L; ð5Þ

where G is a new-physics Fermi constant (G ¼ 1=
Λ2
NP ≪ GF) and the primed fields are the same as appear

in the electroweak currents and the Yukawa couplings to
the Higgs boson. This sort of interaction would arise from
heavy Z0 exchange in a topcolor model. (Two other
possibilities in this vein are the interactions
Gb̄0Lγ

λs0Lμ̄
0
Lγλτ

0
L þ H:c: or Gb̄0Lγ

λs0Lτ̄
0
Lγλμ

0
L þ H:c: The first

separately conserves the generation numbers N2 and N3

while the second conserves N2 þ N3. Also, see the refer-
ences for other Z0 models of the anomalies in
B → Kð�Þlþl−.) These fields are related to the mass-
eigenstate (unprimed) fields by unitary matricesUd

L andUl
L

d0L3 ≡ b0L ¼
X3

i¼1

Ud
L3idLi; l0

L3 ≡ τ0L ¼
X3

i¼1

Ul
L3ilLi:

ð6Þ

In particular, the NP interaction responsible for the RK
deficit is

HNPðb̄ → s̄μþμ−Þ
¼ G½Ud�

L33U
d
L32jUl

L32j2b̄LγλsLμ̄LγλμL þ H:c:�: ð7Þ

The hierarchy of the Cabibbo-Kobayashi-Maskawa matrix
for quarks and the apparent preference of the new physics
for muons over electrons suggest that jUd;l

L31j2 ≪ jUd;l
L32j2 ≪

ðUd;l
L33Þ2 ≅ 1. These expectations can be tested in searches

for B → Kμe vs Kμτ. Since the coefficient of the SM term
in Eq. (4) is positive, we assume that GUd

L32 < 0. The
reduction of the SM strength in Eq. (4) by this interaction is
also supported by the LHCb measurement of the quantity
P0
5 in B0 → K�0μþμ− angular distributions in the low-q2

region. Integrated over 1.0 < q2 < 6.0 GeV2, the P0
5 deficit

amounts to 2.5σ [32].
Up to the matrix elements of b̄LγλsLl̄LγλlL, the B →

Kð�Þμþμ− amplitude is

βSM þ βNP ≡ −
4GFffiffiffi

2
p V�

tbVts
αEMðmbÞ

4π
Ce
9

þ G
2
Ud�

L33U
d
L32jUl

L32j2

¼ −
4GFffiffiffi

2
p V�

tbVts
αEMðmbÞ

4π
Cμ
9: ð8Þ

Note that the NP contribution to Ce
9 is negligible in our

model. The LHCb result for RK in Eq. (1) yields the useful
ratio

ρNP ¼
βNP

βSM þ βNP
¼ −0.159þ0.069

−0.070 : ð9Þ

Then the branching ratio for Bþ → Kþμ�e∓ (summed over
lepton charges) is given by

BðBþ → Kþμ�e∓Þ ≅ 2ρ2NP

����
Ul

L31

Ul
L32

����
2

BðBþ → Kþμþμ−Þ

¼ ð2.16þ2.54
−1.50Þ

����
Ul

L31

Ul
L32

����
2

× 10−8; ð10Þ

where we used BðBþ → Kþμþμ−Þ ¼ ð4.29� 0.22Þ ×
10−7 for the branching ratio integrated over q2 [8]. The
current limit BðBþ → Kþμ�e∓Þ < 9.1 × 10−8 [33] gives
the weak bound

jUl
L31=U

l
L32j≲ 3.7: ð11Þ

Because the primary interaction HNP is in the third
generation, the decay Bþ → Kþμ�τ∓ may be more inter-
esting,

BðBþ → Kþμ�τ∓Þ ≅ 2ρ2NP

����
Ul

L33

Ul
L32

����
2

BðBþ → Kþμþμ−Þ:

ð12Þ
The current limit, BðBþ → Kþμ�τ∓Þ < 4.8 × 10−5 [33],
gives

jUl
L33=U

l
L32j≲ 85: ð13Þ

This is a crude estimate. It is performed by keeping only the
terms proportional to jC9;10j2 in the decay rate. It also
neglects the difference in the q2 range and the phase space
for the μμ and μτ modes. These approximations affect
B → Kτþτ− even more. For this mode, only the weak limit
BðB → Kτþτ−Þ < 3.3 × 10−3 has been set [34].
The Bs decays to a pair of oppositely charged leptons

provide an interesting correlation with B → Klþl−. The
only observed mode is

BðBs → μþμ−Þexp ¼ ð2.8þ0.7
−0.6Þ × 10−9

¼ ð0.77� 0.20Þ × BðBs → μþμ−ÞSM;
ð14Þ

where the experimental value is an average of LHCb and
CMSmeasurements with full Run I statistics [35], while the
SM value is BðBs → μþμ−ÞSM ¼ ð3.65� 0.23Þ × 10−9

[36]. The measurement is consistent with the SM prediction
but also withHNP in Eq. (7) and the value of ρNP in Eq. (9).
Thus, our model implies the triple correlation

PRL 114, 091801 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

6 MARCH 2015

091801-2



RK ≅
BðBþ → Kþμþμ−Þexp
BðBþ → Kþμþμ−ÞSM

≅
BðBs → μþμ−Þexp
BðBs → μþμ−ÞSM

: ð15Þ

This relation identifies the numerical factor on the right of
Eq. (14) with Eq. (1) and stresses the importance of a more
accurate measurement of BðBs → μþμ−Þ. The only
reported LFV limit, BðBs → μ�e∓Þ < 1.1 × 10−8 [37],
gives jUl

L31=U
l
L32j≲ 25, weaker than the bound 3.7 from

Bþ → Kþμe. We hope that searches for this mode and for
Bs → μτ in LHC Run II can provide much improved limits.
(We have not examined the interesting possibility that
phases in the off-diagonalUd;l matrix elements may induce
new CP-violating effects, especially in Bs decays.)
Measurements exist for BðB0 → K0lþl−Þ (l ¼ e; μ)

and BðBs → ϕμþμ−Þ. These are comparable to but less
precise than BðBþ → Kþlþl−Þ. Similarly, limits on B0 →
lþl− and the LFV decays B0 → Kð�Þ0μe and l�l0∓,
including τ modes, give no more stringent limits than
those for Bþ decays. The amplitudes for B0 → lþl− and
l�l0∓ are suppressed by Vtd=Vts and Ud

L31=U
d
L32 relative

to the corresponding Bs decays. (Our interaction HNP, as
well as those mentioned earlier, will induce rare LFV
decays for kaons. Such a study is worthwhile because of the
considerable interest worldwide in experiments with
intense beams, but it is beyond the scope of this Letter.)
Finally, the operator

HNPðμþ d → dþ eÞ
¼ GjUd

L31j2d̄LγλdLðUl�
L31U

l
L32ēLγλμL þ H:c:Þ ð16Þ

induces μ → e conversion in nuclei. (Our model
Hamiltonian HNP can also induce μ → eγ. Simply closing
up the quark line and emitting a photon from it does not
produce the desired operator, ∝ eGmμēσλνμFλν. Virtual
exchanges of electroweak or Higgs bosons and/or a mass
insertion must occur between the quark and lepton lines to
change the muon chirality. We expect that such an operator
is too weak to give an interesting limit.) The limit on the
strength of this operator from conversion in titanium is (see
Table 3.6 in Ref. [38])

GjUd
L31j2jUl�

L32U
l
L31j <

4GFffiffiffi
2

p × ð8.5 × 10−7Þ: ð17Þ

Using

����
βNP
βSM

���� ¼
����
πGUd�

L33U
d
L32jUl

L32j2ffiffiffi
2

p
GFαEMV�

tbVtsCe
9

����≃ 0.14; ð18Þ

together with jVtbj≃ 1, jUd
L32j≃ jVtsj ≅ 0.043, jUd

L31j≃
jVtdj ≅ 0.0084 [33], and αEMðmbÞ ¼ 1=133, we obtain the
weak limit

����
Ul

L31

Ul
L32

���� <
75

jCe
9j
≅ 18; ð19Þ

where jCe
9j ≅ 4.07 [39]. The Mu2e experiment at Fermilab

is designed to be sensitive to an interaction strength 100
times smaller than that in Eq. (17). Under our assumptions,
Mu2e would then be able to probe jUl

L31=U
l
L32j≳ 0.2.

Summing up: The interesting new results on B →
Kð�Þμþμ− and RK from LHCb, if correct, tell us that there
are lepton number nonuniversal interactions. Therefore,
there must also be lepton-flavor-violating interactions, and
there is no known reason these should be very much weaker
than the nonuniversal ones. Limits from searches for B →
Klþl0− and Bs → lþl0− are not far above interesting
ranges for LFV mixing-angle parameters. LHCb’s results
make searches for these and other rare processes well worth
pursuing.
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