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LHCb has reported deviations from the Standard Model in b — su*p~ transitions for which a new
neutral gauge boson is a prime candidate for an explanation. As this gauge boson has to couple in a flavor
nonuniversal way to muons and electrons in order to explain R, it is interesting to examine the possibility
that also lepton flavor is violated, especially in the light of the CMS excess in & — =47 . In this article, we
investigate the perspectives to discover the lepton-flavor violating modes B — K*)z*u¥, B, — 4¥ and
B - K¥u%e® B, — u*e¥. For this purpose we consider a simplified model in which new-physics effects
originate from an additional neutral gauge boson (Z’) with generic couplings to quarks and leptons.
The constraints from 7 — 3u, 7 — uvb, u — ey, g, — 2, semileptonic b — su* u~ decays, B — K *)yp and
B,—B, mixing are examined. From these decays, we determine upper bounds on the decay rates of lepton-
flavor violating B decays. Br(B — Kv) limits the branching ratios of lepton-flavor violating B decays to
be smaller than 8 x 107(2 x 107>) for vectorial (left-handed) lepton couplings. However, much stronger
bounds can be obtained by a combined analysis of B,—B,, © — 3u, T — uv and other rare decays. The
bounds depend on the amount of fine-tuning among the contributions to B,—B, mixing. Allowing for a fine-
tuning at the percent level we find upper bounds of the order of 1076 for branching ratios into zy final states,
while B; — u* e is strongly suppressed and only B — K*) y*eF can be experimentally accessible (with a

branching ratio of order 1077).
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I. INTRODUCTION

While most flavor observables agree very well with their
Standard Model (SM) predictions, there are some excep-
tions in semileptonic B decays (see for example [1] for a
recent review). LHCD [2] recently found indications for the
violation of lepton-flavor universality in the ratio

Br[B = Ku"p™|

Ry=— KK
K™ Bi[B - KeTe]

= 0.745759) £0.036, (1)

which deviates from the theoretically clean SM prediction
RM = 1.0003 & 0.0001 [3] by 2.60. In addition, LHCb
has reported deviations from the SM predictions [4-7] in
the decay B — K*u"u~ (mainly in an angular observable
called P§ [8]) with a significance of about 3¢ [9,10].
Furthermore, also the measurement of Br[B; — ¢u*tu~|
disagrees with the SM prediction [11,12] by about 3¢ [6].

Interestingly, these discrepancies can be explained in a
model-independent approach by a rather large new-physics
(NP) contribution C§" to the Wilson coefficient of the
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operator Og" [the component of the usual SM operator Oy
that couples to muons, see Eq. (5)] [13-19]. It is encour-
aging that the value for Cg" required to explain Ry (with
C§¢ = 0) is of the same order as the one needed for B —
K*utu~ and B, — ¢u*p~ [6,20]. Taking into account the
3 fb~! data for B — K*utu~ recently released by the
LHCb Collaboration [10], the global significance is found
to be 4.3¢ for NP contributing to C" only, and 3.13¢ in a
scenario with C§" = —Cif; [18].

Many models proposed to explain the b — syt~ data
contain a heavy neutral gauge boson (Z’) which generates a
tree-level contribution to Cg" [13,21-25]. If the Z' couples
differently to muons and electrons, Rx can be explained
simultaneously [25-29]. Since in this case lepton-flavor
universality would be violated, it has been proposed to
search for lepton-flavor violating (LFV) B decay modes as
well [30]. This is also motivated by the CMS excess in
Br[h — pt] [31] which can be explained simultaneously
together with Ry, Br[B; — ¢uu~] and Br[B = K*u'p~|
within a single model [26,27].

While the specific model of Refs. [26,27] predicts
only small effects in LFV B decays, the situation could
be different in a generic model. In this article we examine
the LFV decays B — K" ¢*u¥, B, — 5T (and the
corresponding y*eT channels) studying a simplified model
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in which the NP effects originate from a heavy new gauge
boson Z' of mass M, with generic couplings to quarks and
leptons [32]. We introduce the relevant Z’' couplings to 5b
and charged lepton pairs £, = 7, u, e via

Ly DTLZpPLl +TL5/*PLb+ L < R, (2)

As the Z' is assumed to be much heavier than the scale of
electroweak symmetry breaking, its couplings must respect
SU(2), gauge invariance. This implies that the couplings to
neutrinos and to left-handed charged leptons are equal:
F’gifj =T7,, [33]. To study bounds on the LFV B decay

modes, we perform the following steps:

(1) Motivated by the model-independent fits to
B—>K*'utu~, B, — ¢utu~ and Ryx we consider
two scenarios for the Z' couplings to leptons:
scenario 1 assumes vectorial couphngs ie. I, =

%, =1V, corresponding to C75' =C'% =0.
Scenario 2 considers left-handed couplings, i.e.
'R, =0, corresponding to C§*" = —C{§.

(2) We use the experimental upper bound on B —

K™ v decays to set upper bounds on LFV B decays,

independently of the values of ', LR)

(3) From B,—B, mixing we obtain upper limits on I'L,
as a functlon of a fine-tuning measure (to be
defined later).

(4) In the lepton sector the Z' couplings can be con-
strained by 7 — 3u and 7 — uuw.

(5) Taking into account the constraints (3) and (4) we
derive upper limits on the branching ratios of
B, — =¥, B - K®7*,T which are stronger than
the ones obtained in (2), but depend on the amount
of fine-tuning in B,—B, mixing.

F(*)
b s ¢
B, Lo L, B,
z' I’
g b
+
12
I _
T . - . I
z' [Ty 7
r T
TN ut, 7,
FIG. 1. Feynman diagrams illustrating the steps (1)—(4) of our

analysis (see text). The diagrams display the dominant Z'
contribution to B,—B, mixing, B - KWutu~, B, — ¢u*u",
7 - 3u, 7 — uwo and B - KWty
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In Fig. 1 we show the Feynman diagrams for the dominant
Z' contribution corresponding to the steps (1)—(5) of our
analysis. We apply a similar procedure to y*e final states.
In this case the best bounds on the lepton couplings are
coming from y — ey and y — evb.

II. PROCESSES AND OBSERVABLES
In the Secs. I A-IIE we collect the formulas for the
steps (1)—(5) of our analysis outlined in the Introduction.

A. B,—B, mixing

Using the notation of Refs. [34,35] for the operators
describing B,—B, mixing, the first diagram in Fig. 1 feeds
the Wilson coefficients of

Oy = [So7"PLbg|[557" PLbp).

OS = [S‘aPLb/f} [E/)'PRba]v (3)

as well as O} obtained from O; by interchanging
P; < Pj. The coefficients are

L(R)\2
V) = Y oM2),  Cs=-2TLTR /(M2). (4)

For QCD renormalization group effects we use the next-to-
leading order equations calculated in Refs. [34,35].

B. b - s£" ¢~ transitions
For b — s£*¢'~ transitions we need the operators

) a._ _
5ty = 3 [ PLbllZr, ()], (5)

and their primed counterparts found by P; <> Pg. Z'
contributions to other operators (such as the magnetic
operator O) are negligible. The diagrams of Fig. 1 give

Nee b4 1
Cg,>10 - =

L(R) R
ry, (7, £z, 6
Vs, aGy vy, o0 (oo Lee) (6)
which have to be multiplied by —4G;V,,Vi/v/2 in the
effective Hamiltonian.

As first noted in Refs. [13,36] a good fitto B — K*u™u~
data, leaving Br[B; — p"p~] unchanged, is obtained with
C" < 0and C/*, C\)" ~ 0. Another interesting solution is
given by Cy" = —C/f [6,18].

In our analysis we use the global fit of Refs. [6,18],
resulting for the two scenarios under consideration in

—-0.53(-0.81) > C¢" > (-1.32) — 1.54, (7)

—0.18(—0.35) > C¥ = —C!* > (-0.71) — 0.91, (8)
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at the (1o) 20 level, respectively. The quoted ranges are in
good agreement with preliminary results of Ref. [19]. Note
that Br[B; — p ] is suppressed in scenario 2 compared
to the SM. This effect is taken into account via the global fit
used in our analysis.

C.B - K¥up

Following [37] we write the

Hamiltonian as

relevant effective

J 4G ! ! ! !
Hif ==~ S VaVilCr oY + G og) )

. a _
Ofr = yp [57# Py gb][Dy, (1 =y V], (10)

/ T 1 R)
Cl/l/ - - FL( FL/-
MR aME, aGRV Vi

(11)

In the approximation Ffb = 0, the branching ratio (nor-
malized to the SM prediction) reads

w

- 1 ii
RE =3 |CIP/Ic

ij=1

g (12)

with CSM ~ —1.47/s3, ~ —6.4. The complete expressions
can be found in Ref. [37]. The current experimental limits
are RY < 4.3 [38] and RY. < 4.4 [39].

Due to SU(2) invariance, we have C{ = (C§ — C1)/2,
so that Cy =CJ/2 in scenario 1 and Cy=Cy in
scenario 2.

D.7—mv,u— evv and 7 - 3u

The Z' boson contributes to 7 — uvb in two ways: it
generates loop corrections to the W exchange diagram (as
in the lepton-flavor conserving case [25]) and it mediates
7 — uvy at tree level via LFV couplings. The latter
contribution decouples as 1/ m%, from the branching ratio
Br[z — uvi| for v,D, final states where it interferes with the
SM tree-level amplitude, and as 1/ mé, for other final-state
flavors v;v;. We find

Br[z — pwi| = Brt — pvvlgy

3%, I logmy, /m?2,
x (14 5] 2 2
477: 1 - mz//mW

8Gpm2

- Re[lLTE
1536v/27°T,m2,

!
W]+0< )
HE Vel m,

(13)

The HFAG value [40] for the branching ratio reads
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BR(7 = pv;0,) ey = (17.39 +0.04) %. (14)
This should be compared to
BR(7 = pv,0,)gy = (17.29 £ 0.03) %, (15)

obtained from the SM prediction in Ref. [41] and
a combination of the 7 lifetime measurements in
Refs. [42-47]. The difference is given by

Ar—»mﬂ? = BI'(T - /"VTZ_/#)SM - BI'(T - /’”/11_//4)

=(-1.0+£1.1) x 1073

exp

(16)

at the 20 level, adding the error originating from the SM
theory predictions linear to the experimental one. In the
analogous case of I',, we demand
’Ay—»ev17| < 4 x 10_5' (17)
This choice restricts corrections to the Fermi constant,
defined through the decay p — evr, to the sub-per-mille
level and thereby avoids conflicts with electroweak preci-
sion data.
The Z' boson further mediates the LFV three body decay

7 — 3pu at tree level, with the branching ratio given by
(cf. e.g. [48,49])

m;
- 15367°T. M3,

+ 0T + DG + DTGP (18)

Br[z — 3] [2( \Fﬁ,rﬁﬂ |?

Combining Belle [50] and BABAR [51] data gives
Br[z — 3u] < 1.2x 107% at 90% C.L. [40]. The corre-
sponding decay p — 3e does not affect our phenomenol-
ogy, because it involves I',, which we set to zero to comply

E. Lepton-flavor violating B decays

Here we give formulas for the branching ratios of LFV B
decays, taking into account the contributions from the
operators Og)” and O(lg”/ relevant for our model. For
B, = ¢7¢"~ (with £ # ¢') we use the results of Ref. [52]
neglecting the mass of the lighter lepton. The branching

ratios for B — K® ¢ty B — KM y*te® are computed

using form factors from Ref. [53] (see also
Refs. [12,54]). The results read
2 2
__ Tm;Mp [ .
Br[B, —» £7¢"7] = TGZG%WWMZ
2 2N 2
« (1 . M;M) (Cge - curp
Mg,
+]C = ClP), (19)
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Br[B — KWt~ = 107 (a0 o0 | C57 + CELO 1P + b CI5 + CHf 1P

+ x| C57 = CE7 P + dyr oo |CT5 — CHF 1), (20)
with
44 Aagee bger Ckee' dgep agee biiep Cgree di e
U 9.6 £1.0 100£1.3 0 0 3.0£0.8 2.7+0.7 164 £2.1 154+£19
ue 154 +£3.1 157 £ 3.1 0 0 5619 5619 29.1+£49 29.1+49

Note that the results [55] in Egs. (19) and (20) are for
£~¢'" final states and not for the sums £¥¢'F = ¢£=¢'t +
£7¢'~ constrained experimentally [40]:

Br[B" —» KTttu®

o, <4.8% 1075,
Br[B" — K" puteT|

]

]

<9.1x 1078,
<14 x10°°,
<12x1078. (21)

exp

exp
Br[B — K*u*e¥
Br[B, — u*teT

exp

exp

III. PHENOMENOLOGICAL ANALYSIS

First of all, one can already derive an upper limit on LFV
B decays from B — Kuvi alone, simply by employing
gauge invariance [56]. As one can see from Eq. (12) the
contribution for LFV couplings can only be positive.
Therefore we can give a strict upper limit on |C§’| assuming
that all other contributions vanish [57]. We obtain |Cy"| <
46 for our scenario 1 and |Cy’| = |C'g| < 23 for scenario 2.
This results in upper limits on the branching ratios of
b — stu decays:

Br[B — K*zu| ~ Br[B; — tu] ~ 2Br[B — Kty
8 x 107 in scenario 1,
<{ i seena @)
2x 107 in scenario2.
However, as we will show now, even stronger constraints
can be obtained by employing the combined constraints
from the other observables. Let us first examine the
numerical impact of the leptonic constraints. As seen from
Fig. 2, for our scenario 1 (vectorial couplings), 7 — uvv
rules out an explanation of a, via a nonvanishing I');
(contrary to claims in Ref. [58] where 7 — puvv was not
considered). The constraints from Z — y*p~ and Z —
75uT as well as from neutrino-trident production (see
Ref. [59]) are irrelevant in the displayed I',,~T",, region
for the considered Z' masses (around 1 TeV and above).
The situation is similar in scenario 2 (left-handed cou-
plings). In this case the interference with the SM terms in a
is always destructive, albeit small.

u

The most stringent constraints on the couplings 't
stem from B,—B, mixing. Using the 95% C.L. results on
Ampg_ by the UTfit Collaboration [60-63] one obtains

—0.10 < ARp = Amp /Am3M —1 <023, (23)

One can now derive limits on I'’, and T'® via the relation

an
e [(T)? + (TF)* = bp TR (24)
Z/

ARBJ -

The coefficients ap , bg only exhibit a weak logarithmic
dependence on M, (about 3% when varying M, from 1 to
3 TeV) and we use the values at M, = 1 TeV:

ag /M2, ~5700 TeV2, by ~88.  (25)

The bounds resulting from Eqgs. (23) and (24) (shown by
the blue contour of Fig. 3) are weakened if I';, and I'¥, have

041
a,(20)

0.2 5
;‘ ToUVY (I".f_ )
(]
=
g 0.0
N4
—

-0.2F
a,(20)
-047F

-02 00 0.2 0.4
I} /(mz/TeV)

-04

FIG. 2 (color online). ~Allowed 26 regions in the I'y,—I'}. plane
from 7 — uvv for TV, =0 (blue), I'Y, = =2 (yellow), 'V, =2
(green), 7 — 3u (red) and a, (light grey) for m, = 1 TeV. The
dependence of the bounds on the Z’' mass is only logarithmic.
Although NP effects move a,, to the right direction, it cannot be
explained within our model and we do not impose it as a
constraint later on in our analysis.
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mz
1TeV

g/

FIG. 3 (color online). ~ Allowed regions in the ', /M ,—T'R /M,
plane from B,—B; mixing (blue), and from the C}" —Cg/)” " fit of
Ref. [6] to B — K*u"p~, By — ¢t~ and Ry, with T, = +1
(red), Ty, = 0.5 (orange) and I'y, = £0.3 (yellow). Note that
the allowed regions with positive (negative) I'L; correspond to
positive (negative) F,‘,’”. The bounds are shown for my = 1 TeV
but their dependence on the Z’' mass is only logarithmic.

the same sign with [T®| < |TL| or [[R|> |TL), as a
consequence of cancellations in Eq. (24). At the 20 level,
current b — sy~ data requires a substantial nonzero
contribution to C4, eliminating the option [I'% | > |T'%|.
Figure 3 illustrates the combined constraints from b —
sutu~ data [6,18] for different values of F,‘fﬂ (scenario 1). In
principle there is no upper limit on |I'; | as long as b —
su~pu~ data permits small but nonvanishing contributions to
the primed operators C; and/or C}, [64]. Therefore we
quantify the degree of cancellation in Eq. (24) by the
following fine-tuning measure:

Y. — (T5,)? + (T%,)% + bp T5,TK,
B, =
(M) 4 (0F,)? = by T4, T,

205 (PL Y2 4 (TR Y] 1.

= 26
M2, ARp, (26)

Restricting Xp to an acceptable value limits the maximal
size |IL|. As we are exclusively interested in scenarios
with Cgj > C%, we neglect (I'%)? in Eq. (26) and
express I'}, in terms of X and ARy as

ITL | /My = \/ARBS(I + Xp,)/(2ap,) < cp /1 + X5,

(27)

Note that we take all couplings F%f real to comply with
CP data in B—B, mixing. Using the maximal |ARp |
allowed by Eq. (23), we find

PHYSICAL REVIEW D 92, 054013 (2015)

cp, = max [w /ARBS/2aBS] ~ 0.0045 TeV~'. (28)

Combining the bound on Fis and Egs. (13),(18) we derive
upper limits for the coefficient Cy':

647'T.c?
C/“' 2 <A 7~ By
O =i Gav Vi
(1+Xp )
x max{Br[zr — 3u].,,} X 7‘0944'2 . (29)
S 2
OO < A, g V22T,
M GEmI|V Vi
xmax{A,_,;} x (1 +Xp ). (30)

For scenario 1 we obtain Ag/l) = 16 and A/(l?p = 4, while for
2)

¢ =3and A}, = 1.

The bounds from 7 — pvv only depend on the fine-
tuning measure Xp , while those from 7 — 3y also depend
on the value of C¢* (and C§ in scenario 2) determined from
the fit to b — su*u~ data. The latter bounds disappear in
the limit Cg" — 0, as in this case the Z'uu couplings may
vanish so that the 7 — 3u decay does not receive contri-
butions from Z’ exchange.

From the upper bounds on C¢;, we can finally deter-
mine the maximal branching ratios for the LFV B decays
with zu final states. They are shown in Fig. 4 for scenario 1
with Xp =20 and X = 100 (in scenario 2 they are a

scenario 2 we get A

25F°
= 20 .
=
RS
"5 15}
+
A
I,
L 10
s P20
—
[aa] 50
’¢’ -------------
07‘==:=:::::.“. ________ | |
-2.0 -15 -1.0 -0.5 0.0
ct

FIG. 4 (color online). Maximal value of Br[B — K*z5uT]
(red), Br[B — Kz*u¥] (blue) and Br[B, — t*uT] (green) in
scenario 1 as a function of C§" for a fine-tuning of Xp = 100
(solid lines) and Xz = 20 (dashed lines). The bounds are shown
for my =1 TeV but their dependence on the Z' mass is only
logarithmic.
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factor of 1/2 smaller). The kink in the curves occurs at the
point where the Cg|,-independent constraint from 7 — uv
becomes stronger than the constraint from 7 — 3u. One
should note that the bounds presented in Fig. 4, which are
given for my =1 TeV, have only a weak logarithmic
dependence on the Z’' mass.

Comparing these results to the experimental upper limits
in Eq. (21), we see that the current experimental sensitivity
is still 2 orders of magnitude weaker. However, LHCb will
be able to achieve significant improvements in these
channels.

In the case of ue final states, the stringent bound from
Br{u — ey] renders LFV B decays unobservable in the C"
region favored by current b — su*u~ data. For Cg* — 0,
Br[B — K*)u*e¥| can become relevant with its maximal
size being constrained to O(1077) from p — evi.

IV. CONCLUSIONS

In this article we have investigated the possible size of
the branching ratios of lepton-flavor violating B decays
B, =1 ¥, B,—»uteT, B KMt T and B— KW ety
in generic Z’' models. Motivated by the model-independent
fit to b — s transitions, we have considered two scenar-
i0s, one with vectorial (scenario 1) and another one with
purely left-handed couplings (scenario 2) of the Z' to
leptons.

From Br(B — Kuvp) one obtains limits on the branching
ratios of LFV B decays of 8(2) x 107> for scenario 1(2)
simply by using gauge invariance. However, even stronger

PHYSICAL REVIEW D 92, 054013 (2015)

bounds can be obtained by combining the leptonic
constraints with a limit on the amount of fine-tuning in
the B;—B; system. For a fine-tuning of X < 100, we have
found that still sizeable branching ratios of O(107°) are
possible in both scenarios for zu final states, while for ue
final states they can only reach O(1077) in a region of
parameter space disfavored by the current data on
B — K*utu~, By —» ¢utyu~ and Ry.
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Note added.—Recently new LHCb results on B, — ¢u™p~
were released, increasing the discrepancy compared to the
SM to 3.5¢ [65].

[1] A. Crivellin, arXiv:1409.0922.

[2] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 113,
151601 (2014).

[3] C. Bobeth, G. Hiller, and G. Piranishvili, J. High Energy
Phys. 12 (2007) 040.

[4] S. Descotes-Genon, L. Hofer, J. Matias, and J. Virto, J. High
Energy Phys. 12 (2014) 125.

[5] S. Descotes-Genon, L. Hofer, J. Matias, and J. Virto,
arXiv:1503.03328.

[6] W. Altmannshofer and D. M. Straub, arXiv:1411.3161.

[7]1 A.Bharucha, D. M. Straub, and R. Zwicky, arXiv:1503.05534.

[8] S. Descotes-Genon, J. Matias, M. Ramon, and J. Virto, J.
High Energy Phys. 01 (2013) 048.

[9] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 111,
191801 (2013).

[10] The LHCb Collaboration, Reports No. LHCb-
CONF-2015-002, No. CERN-LHCb-CONF-2015-002
(unpublished).

[11] R.R. Horgan, Z. Liu, S. Meinel, and M. Wingate, Phys.
Rev. Lett. 112, 212003 (2014).

[12] R. Horgan, Z. Liu, S. Meinel, and M. Wingate, Proc. Sci.,
LATTICE2014 (2015) 372 [arXiv:1501.00367].

[13] S. Descotes-Genon, J. Matias, and J. Virto, Phys. Rev. D 88,
074002 (2013).

[14] W. Altmannshofer and D. M. Straub, Eur. Phys. J. C 73,
2646 (2013).

[15] R. Alonso, B. Grinstein, and J. Martin Camalich, Phys. Rev.
Lett. 113, 241802 (2014).

[16] G. Hiller and M. Schmaltz, Phys. Rev. D 90, 054014 (2014).

[17] D. Ghosh, M. Nardecchia, and S. Renner, J. High Energy
Phys. 12 (2014) 131.

[18] W. Altmannshofer and D. M. Straub, arXiv:1503.06199.

[19] S. Descotes-Genon, L. Hofer, J. Matias, and J. Virto, in
Moriond Electroweak, 2015 (to be published).

[20] T. Hurth, F. Mahmoudi, and S. Neshatpour, J. High Energy
Phys. 12 (2014) 053.

[21] R. Gauld, F. Goertz, and U. Haisch, Phys. Rev. D 89,
015005 (2014).

[22] A.J. Buras and J. Girrbach, J. High Energy Phys. 12 (2013)
009.

054013-6


http://arXiv.org/abs/1409.0922
http://dx.doi.org/10.1103/PhysRevLett.113.151601
http://dx.doi.org/10.1103/PhysRevLett.113.151601
http://dx.doi.org/10.1088/1126-6708/2007/12/040
http://dx.doi.org/10.1088/1126-6708/2007/12/040
http://dx.doi.org/10.1007/JHEP12(2014)125
http://dx.doi.org/10.1007/JHEP12(2014)125
http://arXiv.org/abs/1503.03328
http://arXiv.org/abs/1411.3161
http://arXiv.org/abs/1503.05534
http://dx.doi.org/10.1007/JHEP01(2013)048
http://dx.doi.org/10.1007/JHEP01(2013)048
http://dx.doi.org/10.1103/PhysRevLett.111.191801
http://dx.doi.org/10.1103/PhysRevLett.111.191801
http://dx.doi.org/10.1103/PhysRevLett.112.212003
http://dx.doi.org/10.1103/PhysRevLett.112.212003
http://arXiv.org/abs/1501.00367
http://dx.doi.org/10.1103/PhysRevD.88.074002
http://dx.doi.org/10.1103/PhysRevD.88.074002
http://dx.doi.org/10.1140/epjc/s10052-013-2646-9
http://dx.doi.org/10.1140/epjc/s10052-013-2646-9
http://dx.doi.org/10.1103/PhysRevLett.113.241802
http://dx.doi.org/10.1103/PhysRevLett.113.241802
http://dx.doi.org/10.1103/PhysRevD.90.054014
http://dx.doi.org/10.1007/JHEP12(2014)131
http://dx.doi.org/10.1007/JHEP12(2014)131
http://arXiv.org/abs/1503.06199
http://dx.doi.org/10.1007/JHEP12(2014)053
http://dx.doi.org/10.1007/JHEP12(2014)053
http://dx.doi.org/10.1103/PhysRevD.89.015005
http://dx.doi.org/10.1103/PhysRevD.89.015005
http://dx.doi.org/10.1007/JHEP12(2013)009
http://dx.doi.org/10.1007/JHEP12(2013)009

LEPTON-FLAVOR VIOLATING B DECAYS IN GENERIC ...

[23] R. Gauld, F. Goertz, and U. Haisch, J. High Energy Phys. 01
(2014) 069.

[24] A.J. Buras, F. De Fazio, and J. Girrbach, J. High Energy
Phys. 02 (2014) 112.

[25] W. Altmannshofer, S. Gori, M. Pospelov, and I. Yavin, Phys.
Rev. D 89, 095033 (2014).

[26] A. Crivellin, G. D’Ambrosio, and J. Heeck, Phys. Rev. Lett.
114, 151801 (2015).

[27] A. Crivellin, G. D’ Ambrosio, and J. Heeck, Phys. Rev. D
91, 075006 (2015).

[28] C. Niehoff, P. Stangl, and D. M. Straub, Phys. Lett. B 747,
182 (2015).

[29] S.D. Aristizabal, F. Staub, and A. Vicente, Phys. Rev. D 92,
015001 (2015).

[30] S. L. Glashow, D. Guadagnoli, and K. Lane, Phys. Rev. Lett.
114, 091801 (2015).

[31] CMS Collaboration, Report No. CMS-PAS-HIG-14-005,
2014.

[32] For an analysis of LFV B decays with leptoquarks see
Ref. [66] and for a model-independent analysis see
Ref. [67].

[33] Here we assumed that the Z’ boson is a SU(2) singlet and
not the neutral component of a SU(2) triplet. In the second
case, the relation Félfj =-TL », would hold.

[34] M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli,
I. Scimemi, and L. Silvestrini, Nucl. Phys. B523, 501
(1998).

[35] A.J.Buras, M. Misiak, and J. Urban, Nucl. Phys. B586, 397
(2000).

[36] S. Descotes-Genon, J. Matias, and J. Virto, Proc. Sci., EPS-
HEP2013 (2013) 361 [arXiv:1311.3876].

[37] A.J. Buras, J. Girrbach-Noe, C. Niehoff, and D. M. Straub,
J. High Energy Phys. 02 (2015) 184.

[38] J. Lees et al. (BABAR Collaboration), Phys. Rev. D 87,
112005 (2013).

[39] O. Lutz et al. (Belle Collaboration), Phys. Rev. D 87,
111103 (2013).

[40] Y. Amhis et al. (Heavy Flavor Averaging Group (HFAG)),
arXiv:1412.7515.

[41] A. Pich, Prog. Part. Nucl. Phys. 75, 41 (2014).

[42] K. Belous et al. (Belle Collaboration), Phys. Rev. Lett. 112,
031801 (2014).

[43] G. Alexander et al. (OPAL Collaboration), Phys. Lett. B
374, 341 (1996).

[44] R. Barate et al. (ALEPH Collaboration), Phys. Lett. B 414,
362 (1997).

[45] M. Acciarri et al. (L3 Collaboration), Phys. Lett. B 479, 67
(2000).

[46] J. Abdallah et al. (DELPHI Collaboration), Eur. Phys. J. C
36, 283 (2004).

PHYSICAL REVIEW D 92, 054013 (2015)

[47] R. Balest et al. (CLEO Collaboration), Phys. Lett. B 388,
402 (1996).

[48] P. Langacker, Rev. Mod. Phys. 81, 1199 (2009).

[49] A. Crivellin, S. Najjari, and J. Rosiek, J. High Energy Phys.
04 (2014) 167.

[50] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.
104, 021802 (2010).

[51] J. Lees et al. (BABAR Collaboration), Phys. Rev. D 81,
111101 (2010).

[52] A. Dedes, J. Rosiek, and P. Tanedo, Phys. Rev. D 79,
055006 (2009).

[53] C. Bouchard, G.P. Lepage, C. Monahan, H. Na, and J.
Shigemitsu (HPQCD Collaboration), Phys. Rev. D 88,
054509 (2013).

[54] R.R. Horgan, Z. Liu, S. Meinel, and M. Wingate, Phys.
Rev. D 89, 094501 (2014).

[55] Our predictions are for B® — K*)0¢+¢'~; those for the
charged modes B¥ — K)*£+¢'~ can be found by multi-
plying by the ratio 73+ /7 of B-meson lifetimes.

[56] As stated before, we assume that the Z' is a SU(2), singlet.
The same upper bound from B — Kvv would also apply if
the Z’' would be the neutral component of a SU(2), triplet,
but would not hold anymore if it is a mixture of different
representations.

[57] This limit would be even slightly stronger if one would
assume a vanishing NP contribution in the ee sector and a
small contribution to pu (as preferred by the global fit)
together with a maximally destructive interference in z7.

[58] T. Huang, Z. Lin, L. Shan, and X. Zhang, Phys. Rev. D 64,
071301 (2001).

[59] W. Altmannshofer, S. Gori, M. Pospelov, and I. Yavin, Phys.
Rev. Lett. 113, 091801 (2014).

[60] M. Bona et al. (UTfit Collaboration), http://utfit.org, 2014.

[61] M. Bona et al. (UTfit Collaboration), Phys. Rev. Lett. 97,
151803 (2006).

[62] M. Bona et al. (UTfit Collaboration), J. High Energy Phys.
03 (2008) 049.

[63] Similar results are obtained by the CKMfitter Collaboration
[68].

[64] Likewise there is no upper limit on 'y, if the Z' does not
couple to muons, as constraints from b — su "~ transitions
do not apply in this case.

[65] R. Aaij et al. (LHCb Collaboration), arXiv:1506.08777.

[66] I. de Medeiros Varzielas and G. Hiller, J. High Energy Phys.
06 (2015) 072.

[67] S.M. Boucenna,
arXiv:1503.07099.

[68] J. Charles, A. Hocker, H. Lacker, S. Laplace, F. R. Diberder,
J. Malclés, J. Ocariz, M. Pivk, and L. Roos (CKMfitter
Group), Eur. Phys. J. C 41, 1 (2005).

JJW.F. Valle, and A. Vicente,

054013-7


http://dx.doi.org/10.1007/JHEP01(2014)069
http://dx.doi.org/10.1007/JHEP01(2014)069
http://dx.doi.org/10.1007/JHEP02(2014)112
http://dx.doi.org/10.1007/JHEP02(2014)112
http://dx.doi.org/10.1103/PhysRevD.89.095033
http://dx.doi.org/10.1103/PhysRevD.89.095033
http://dx.doi.org/10.1103/PhysRevLett.114.151801
http://dx.doi.org/10.1103/PhysRevLett.114.151801
http://dx.doi.org/10.1103/PhysRevD.91.075006
http://dx.doi.org/10.1103/PhysRevD.91.075006
http://dx.doi.org/10.1016/j.physletb.2015.05.063
http://dx.doi.org/10.1016/j.physletb.2015.05.063
http://dx.doi.org/10.1103/PhysRevD.92.015001
http://dx.doi.org/10.1103/PhysRevD.92.015001
http://dx.doi.org/10.1103/PhysRevLett.114.091801
http://dx.doi.org/10.1103/PhysRevLett.114.091801
http://dx.doi.org/10.1016/S0550-3213(98)00161-8
http://dx.doi.org/10.1016/S0550-3213(98)00161-8
http://dx.doi.org/10.1016/S0550-3213(00)00437-5
http://dx.doi.org/10.1016/S0550-3213(00)00437-5
http://arXiv.org/abs/1311.3876
http://dx.doi.org/10.1007/JHEP02(2015)184
http://dx.doi.org/10.1103/PhysRevD.87.112005
http://dx.doi.org/10.1103/PhysRevD.87.112005
http://dx.doi.org/10.1103/PhysRevD.87.111103
http://dx.doi.org/10.1103/PhysRevD.87.111103
http://arXiv.org/abs/1412.7515
http://dx.doi.org/10.1016/j.ppnp.2013.11.002
http://dx.doi.org/10.1103/PhysRevLett.112.031801
http://dx.doi.org/10.1103/PhysRevLett.112.031801
http://dx.doi.org/10.1016/0370-2693(96)00255-9
http://dx.doi.org/10.1016/0370-2693(96)00255-9
http://dx.doi.org/10.1016/S0370-2693(97)01116-7
http://dx.doi.org/10.1016/S0370-2693(97)01116-7
http://dx.doi.org/10.1016/S0370-2693(00)00347-6
http://dx.doi.org/10.1016/S0370-2693(00)00347-6
http://dx.doi.org/10.1140/epjc/s2004-01953-7
http://dx.doi.org/10.1140/epjc/s2004-01953-7
http://dx.doi.org/10.1016/S0370-2693(96)01163-X
http://dx.doi.org/10.1016/S0370-2693(96)01163-X
http://dx.doi.org/10.1103/RevModPhys.81.1199
http://dx.doi.org/10.1007/JHEP04(2014)167
http://dx.doi.org/10.1007/JHEP04(2014)167
http://dx.doi.org/10.1103/PhysRevLett.104.021802
http://dx.doi.org/10.1103/PhysRevLett.104.021802
http://dx.doi.org/10.1103/PhysRevD.81.111101
http://dx.doi.org/10.1103/PhysRevD.81.111101
http://dx.doi.org/10.1103/PhysRevD.79.055006
http://dx.doi.org/10.1103/PhysRevD.79.055006
http://dx.doi.org/10.1103/PhysRevD.88.054509
http://dx.doi.org/10.1103/PhysRevD.88.054509
http://dx.doi.org/10.1103/PhysRevD.89.094501
http://dx.doi.org/10.1103/PhysRevD.89.094501
http://dx.doi.org/10.1103/PhysRevD.64.071301
http://dx.doi.org/10.1103/PhysRevD.64.071301
http://dx.doi.org/10.1103/PhysRevLett.113.091801
http://dx.doi.org/10.1103/PhysRevLett.113.091801
http://utfit.org
http://utfit.org
http://dx.doi.org/10.1103/PhysRevLett.97.151803
http://dx.doi.org/10.1103/PhysRevLett.97.151803
http://dx.doi.org/10.1088/1126-6708/2008/03/049
http://dx.doi.org/10.1088/1126-6708/2008/03/049
http://arXiv.org/abs/1506.08777
http://dx.doi.org/10.1007/JHEP06(2015)072
http://dx.doi.org/10.1007/JHEP06(2015)072
http://arXiv.org/abs/1503.07099
http://dx.doi.org/10.1140/epjc/s2005-02169-1

