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Even though the LHC searches did not unveil the new physics particles so far, LHCb
hints towards deviations from lepton flavor universality in exclusive decays based on the
transition b — sf¢. In this proceeding, we present a new leptoquark model that can explain
both R;xp < RIS(M and R‘;'(x*p < R%,’I via loop effects, consistent with observations made by
LHCb. We discuss the main predictions of this scenarios that can be tested experimentally,
which include the bounds on lepton flavor violating decays %(Z — ut) < 0(1077) and
A(B— Kut) < 0(1079).

The European Physical Society Conference on High Energy Physics
5-12 July, 2017
Venice

*Speaker.

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/


mailto:olcyr.sumensari@pd.infn.it

Lepton flavor (universality) violation in B-meson decays Olcyr Sumensari

1. Introduction

One of the most intriguing results obtained so far at the Large Hadron Collider (LHC)
is the indication of the lepton flavor universality violation (LFUV) in semileptonic B meson
decays. First, from the measured partial branching fractions of B — K¢/, in the window
of ¢*> € [1,6] GeV?, the LHCb Collaboration in Ref. [1] reported

BB — KTuu)
PB(Bt — Ktee)
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which lies 2.606 below the the clean SM prediction RR™ = 1.00(1) [2]. This observation of
LFUV was recently corroborated by the most recent LHCb results in two g*-bins [3],
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thus again ~ (2.2 —2.4)c below the Standard Model (SM) predictions [2]. When combined
in the same fit, these results amount to a discrepancy with respect to the SM at the 4o
level [4]. Since the hadronic uncertainties largely cancel out in Ry, if confirmed, these
would be an unambiguous manifestation of NP.

Several models have been proposed to accommodate R;‘(ﬂ)) < Ril}f) through the Wilson
coefficients Cg(‘]t 0)
the existence of low energy leptoquark (LQ) states are of particular interest as we will

, see Ref. [5] and references therein. Among those, the models postulating

discuss in the following.

2. Tree-level leptoquark models for b — i/

LQs are colored states mediating interactions between quarks and leptons, which can be
a scalar or a vector field and which may come as a SU(2);-singlet, -doublet or -triplet [6,7].
Among these scenarios, the ones invoking vector LQs are not renormalizable and become
problematic when computing the loop-induced processes, such as T — uy and the By — By
mixing amplitude. ! For this reason, we will focus on scatar LQ scenarios and assume that
the SM is extended by only one LQ state.

In Table 1, we classify by their SM representation the scalar LQ states that can modify
Ry through tree-level contributions to b — sup [9,10]. From this table, we see that
only the scenario with a scalar triplet (3,3); /3 can accommodate both R;(Xp < RM and
RYP < RIS<1YI through the effective coefficients Cg H— —Cﬁfl . Nonetheless, this model violates
baryon number via the dangerous diquark couplings, which can induce the proton decay

IIn other words, the predictivity of these scenarios is compromised unless a renormalizable and gauge
invariant ultraviolet completion is explicitly specified. See Ref. [8] for a first proposal of UV completion
with light vector LQs.
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at tree-level [7]. In this case, an additional symmetry is needed to forbid these couplings
from destabilizing the proton (see Ref. [11] for an example in the framework of grand
unification). Notice also that scenarios invoking the (3,2);/6 state, originally proposed to
explain RY¥ < R , became disfavored after the recent observation of RgY < %}4 by LHCDb,
which disagrees Wlth its predictions [12].

(SU(3)e,SU(2)L)u(1)y | BNC Interaction Eff. Coefficients Rg/RPM  Rg- /R
(3,3)1/3 X  OCintT-AL Co=—Cyo <1 <1
(3,1)4/3 X dSALg (Co) = (Co)’ ~1 ~1
(3,2)7/6 v OA/lg Co =Cip > 1 > 1
(3,2)1/6 v CTRZTL (Co)' = —(Cio)’ <l >1

Table 1: List of LQ states classified by their SM quantum numbers which can modify the transition
b — sup at tree-level. The conservation of baryon number (BNC), the interaction term and the
corresponding Wilson coefficients are also listed along with the prediction for Rg. Couplings to
electrons are set to zero.

In the following we will argue that the model (3,2);/s can also be used to explain both
RYP < RM and RYY < RM provided the tree-level contributions to b — stf (£ = e, ) are
absent [5]. In our implementation, the relevant Wilson coefficients are only induced at
loop-level and satisfy Cg g —Cﬁ)“ < 0, making both Rg and Rg+ smaller than in the SM.

3. (3,2)7/6 or Ry leptoquark model

The so-called R, model involves a doublet of scalar leptoquarks with hypercharge ¥ =
7/6. The general Yukawa Lagrangian for this model reads

_ ~(1/6)1
Lyose = (8r)ij QA" g+ (g1)ijipA ™ L +h.c., (3.1)

where g7 g are the matrices of Yukawa couplings, that we take to be

00 0 00 0 00 Vipgs®
gr=0g" g7 [, gr=[000 [,  Vgr=[00Vagy |, (32)
0 g/ &f 00 gk 00 Vipght
which is the main peculiarity of our model. The conjugate SU(2); doublet is defined by
~(7/6 -
A( /9 = iGzA<7/6) and we use Q; = [(V'ur); d;]" and L; = [(Uvy); £1;]" to denote the quark

and lepton doublets, in which V and U are the Cabibbo-Kobayashi-Maskawa (CKM) and
the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrices, respectively.

The above choice of Yukawa couplings, and in particular g;” = gZ“ =0, means that the
contributions of the leptoquark to the transition b — sy can only appear at loop-level.
The only diagrams contributing are box diagrams which give rise to the following Wilson
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coefficients [5]

lily _ L1l
C9 - _CIO -
uu'e{uc,t}

VoV *
ub u*sgzh (gzﬁ2> y(xmxu,)’ (3'3)
thst

where x; = ml-2 /m%v, and the loop function reads,

o~ /XXy Xy (xy —4)logx, Xu(xy, —4) logx,
F Xy, X)) = +
327 0tem | (X — 1) Oy —x0) (i —xa) (2 — 1) (20 — x) (X — xa)

xa(xa —4)logxa
_(XA— 1) (xa —xu) (xa —x0) | (3.4)

This closes our discussion of the R, model with our particular setup specified by the struc-
ture of the g; g matrices, as given in Eq. (3.2). We shall now discuss the phenomenological
implications of this scenario.

4. Flavor constraints and predictions

To assess the viability of this model, we performed a scan of parameters by varying the
couplings in Eq. (3.1) within the perturbativity limit, | g'L’R| < V4w, and the LQ mass my in
ther interval my € (0.65,4) TeV. The allowed parameters are then confronted with several
phenomenological constraints of which the most relevant ones are: (i) the branching ratios
for Z(Bs — pp) and B(B — KU )pigh 2, (ii) the branching ratios #(Z — /), with £ = u, 7,
(iii) limits on (B — KvV), (iv) the experimentally established (g—2),, and (v) the bounds
on #A(t — uy), cf. Ref. [5] for details. We also impose the available LHC limits for pair
produced LQs decaying into A?/3) — tv and A5/3) — ¢7 [13], which are reinterpreted the
pattern for Yukawa couplings we consider, cf. Eq. (3.1).

After applying the constraints described above, we find that this scenario can predict
Rk and Rk~ in good agreement with the findings of LHCDb, as illustrated in Fig. 1. Interest-
ingly, the 1.50 compatibability with Ry, in the central ¢*-bins imposes the upper bound
ma < 1.2 TeV, which can be directly probed at the LHC [5]. Furthermore, we found that
the branching ratios for the lepton flavor violating (LFV) decays Z — ut and B— KUt can
be as large as ¢(1077) and €(107?), respectively, offering an opportunity for current and
future experiments. 2

5. Conclusions

In this proceeding we discussed a peculiar form of the R, model, which postulates the
existence of a weak doublet of scalar LQs with hypercharge Y =7/6. We showed that this
model can explain both R’ < R%M and RyP < R%YI reported by the LHCb collaboration
through loop effects of my = (1 TeV) LQ states. This model has the great advantage of

2Note that similiar limits can be derived for the other b — spt exclusive modes by using the relations
AB(Bs — Ut) ~0.9x B(B— Kur) and Z(B— K*ut) ~ 1.8 x B(B — Kut) derived in Ref. [14].
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Figure 1: Results of our scan of parameters consistent with all constraints discussed in the pre-
vious section in which the leptoquark mass my is varied too. We see that the 1.56 consistency
requirement with the values of LHCb for Rk and Rg+ in the central ¢*-bin (shaded area) results in
mp < 1.2 TeV. [5]

not disturbing the proton stability, and it offers several predictions which can be tested in
the near future, such as the bounds %(Z — ut) < 0(1077) and B(B — Kut) < 0(107°)
for LF'V processes.
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