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We investigate the isodoublet vector leptoquark V, as a solution to the B anomalies Rg k- and Rp p+, as
well as explaining the muon and electron anomalous magnetic moments and the very recent W-mass

anomaly.
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I. INTRODUCTION

Recent trends in hunting for new physics beyond the
standard model (SM) can divided into (i) high-energy
frontier, (ii) precision frontier, and (iii) cosmology frontier.
While the high-energy frontier has not been finding any-
thing new other than the discovery of the Higgs boson and
the cosmology frontier involves large uncertainties asso-
ciated with observations, the precision frontier, on the other
hand, has shown some surprising results. Namely, there are
a number of anomalies in B meson decays, the muon
anomalous moment, and the very recent W-boson mass
measurement [1].

After accumulating data for a number of years, there
exist persistent discrepancies between the SM predictions
and the experimental results for the flavor-changing neutral
current rare decays of B mesons in b — s£¢. In particular,
the lepton-flavor universality violation in B — K transition
observed by LHCb

R — BR(B — Ku'tyu™) R
K~ BR(B— Ke'e)’ K

_ BR(B— K'u'u)
- BR(B — K*ete)’
(1.1)

with the measurements [2,3]

Ry = 0.8467 092 70013 for 1.1 GeV? < ¢* < 6 GeV?,

(1.2)
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B {0.6639;(;71 +0.03 0.045 GeV? < ¢* < 1.1 GeV?,
106970 £0.05 1.1 GeV? < ¢? < 6.0 GeV2,
(1.3)

which deviate from the SM predictions by as much as 3¢.
The advantage of using ratios is that the ratio can have a lot
of hadronic uncertainties in each branching ratio measure-
ment to be eliminated. Precise measurements of these ratios
with significant deviations from the SM predictions
can hint at new physics. The same short-distance process
b — st is also responsible for BY — £+¢-.

Another set of observables is related to the short-distance
process b — cZv, and the observables are [4]

_ BR(B — Dw)
P BR(B - Dtv)
_ BR(B— D'w)
~ BR(B = D*tv)

= 0.340 £ 0.027 £ 0.013,

Rp: =0.295+0.011 £0.008, (1.4)
and the combined discrepancy to SM prediction is at the
3.10 level.

Another long-standing experimental anomaly is the muon
anomalous moment (also known as g — 2). The most recent
muon ¢ — 2 measurement was performed by the E989
experiment at Fermilab, which reported the new result [5]

Aa, = (25.1 £5.9) x 10719, (1.5)
which deviates at the level of 4.2¢ from the most recent SM
prediction." On the other hand, the g — 2 measurements for

"There was a recent lattice calculation of the leading hadronic
contribution to the muon magnetic moment [6], which brought the
SM prediction within 1o of the experimental result. Yet, one has to
wait further for the lattice community to settle on the calculation.
We will focus on Eq. (3.6) for the deviation of muon g — 2.
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the electron also show a discrepancy with the SM
prediction. The electron g —2 was used to be the most
precise determination of the fine-structure constant a.
Nevertheless, there were two contradicting determinations
of a [7,8] resulting in two theory predictions, which deviate
from the experimental measurement [9] in opposite direc-
tions, given by

AakRB = g — al*B = (4.8 £3.0) x 1071,

Ad® = al® — aP = (-8.8 £3.6) x 10713, (1.6)
In the following analysis, we show the results for both
cases of Aa,. Note that, if we want to explain the Aa,
with new physics, it is very likely subject to constraints
coming from lepton-flavor-violating (LFV) decays, such
as i — ey.

There has been a vast literature in explaining all or part
of the anomalies. Especially, the leptoquark (LQ) provides
viable explanations for the Ry x- and/or R, p- anomalies.
It was illustrated in Ref. [10] that only the isosinglet
vector LQ U, with the SM quantum numbers (3,1,2/3)
can explain both Rg - and R, jr-, while the scalar LQs S,
S5, and R, and the isotriplet vector LQ U;(3,1,2/3) can
explain only one of the anomalies. There have been very
few studies on the isospin-doublet vector LQ, denoted by
V,(3,2,5/6). In this work, we attempt to fill the gap by
showing that the isodoublet vector LQ V, can satisfy the
anomalies Ry g+ and Rp p+, as well as it can satisfy the
Aa, and Aa, subject to LFV constraints.

Very recently, there was a new W-boson mass measure-
ment by the CDF Collaboration [1]:

My, = 80.4335 £ 0.0094 GeV,

which is about 7¢ above the SM prediction of My g\ =
80.361 +0.006 GeV [11]. Additional corrections to the
W-boson mass can come from new physics, which can be
conveniently parametrized in terms of the Peskin-Takeuchi
parameters S, T, and U [12]. The W-boson mass correction is
most sensitive to the 7 parameter. It is well known that an
electroweak doublet with a mass splitting between the upper
and lower components contributes positively to the 7 param-
eter and, thus, gives a positive contribution to the W mass.

We highlight the capabilities of the LQ V), in solving the

anomalies.

(1) The more popular explanation of the R - anomaly
is by decreasing the b — su*u~ using the left-
handed coupling to the muon, such that the combi-
nation of the Wilson coefficients Cy and C is in the
form Cy = —C) in accordance with the best fit [13].
This is the case of the isosinglet vector LQ U;, On
the other hand, the isodoublet vector LQ V, couples
to the right-handed lepton. such that it contributes to
Cy and Cj, in the combination of Cy = C;,. We,

therefore, require V, to couple to the electron and to
increase b — sete”.

(2) V, can enhance substantially the Aa, and change
Aa, in both directions using different combinations
of couplings. Nevertheless, in order to reach with 2¢
of Aa,, one of the couplings has to be very large.
This is due to the constraint from the y — ey.

(3) Rpp+ can be easily satisfied.

(4) The isodoublet LQ V, can couple to the weak gauge
bosons and, thus, modifies the S, 7', and U param-
eters. It can explain the very recent W-mass anomaly
measured by CDFE.

The organization of this work is as follows. In the next
section, we introduce the interactions of the vector LQ. In
Sec. III, we describe the effects of the vector LQ on various
observables that we used in this analysis. In Sec. IV, we give the
results and the valid parameter space. We conclude in Sec. V.

II. VECTOR LEPTOQUARK INTERACTIONS

The weak isodoublet vector LQ is denoted by V, with
the SM quantum numbers (3, 2,5/6). The V, is written as

V+4/3
Vo= (s )
For simplicity, we drop the subscript of V, from now on.
The gauge interaction of the V, is given by

- M
Ly, = =5 Vs V¥ + MYVLVF + g3V -V, G

2

k
iV D VW 4 ig VYV, B, (2.1)
where V;w = Zi:ll DMVL - DUV;‘ and
. A AP
D, :6”—i—lleBM—Q-lngW,fH%EG,u (2:2)

where the SU(2), index k = 1, 2, 3 and the color index
A=1,..., 8.2 In order to extract the electromagnetic
interaction with V,, we transform B, and W,3, into A,
and Z, by the usual transformation:

B, =c,A, — 5,2, W, = s,A, + ¢, Z,,
where c¢,, = cos@y, s, =sinfy, and Oy is the weak

mixing angle. As long as the electromagnetic interaction
is concerned, we simplify the Lagrangian as

*Here, we have taken all x = 1 and & = 0 as in the convention
of Ref. [14] with the assumption of V, coming from spontaneous
breakdown of a gauge symmetry. Note the major difference is that
U, discussed in Ref. [14] always connects down-type quarks and
charged leptons of the same chiralities, while here the V, always
connects them with opposite chiralities.
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1
Ly,em=—5 Vi,V 4+ ieQyViV, F* + ... (2.3)
where D, = 9, + ieQyA, + - - -. Extracting the triple vertex VIVA, we obtain
1 ,
Lywa==5 [ieQy(9,V) — 0, V) (A*VY — A*VH) — ieQy (A, V] — A Vi) (0# VY — Vi) + ieQy ViV, (#AY — FA¥)

= —ieQy(0,Vi — 9,VL)A"V* + ieQyA, Vi (V"

We assign the 4-momenta and polarization vectors for V7,
V, and A as, respectively,

Vi pl X Vi pA Ak e.

Then we obtain the triple vertex as

‘CV';'VA = eQV[gaﬂ(p - pl)y + gﬂ}’(pl - k)

+ Gyalk = p)ﬂ]ﬂ“ﬂ’ﬂey.

a

(2.4)

Therefore, the interaction of V with the photon is the
same as the conventional charged vector boson.

The interactions of V, with SM fermions are
given by3
Lyss = XEebdg VALY + XERe Q51 Vhel + Hec.
— XRL[F Ml/ﬂj V+4/3 _ dc,t ”I/’ V+1/3]
+ XER[uS el Vi — dsiyrel Vit + Hee,
(2.5)

where we assume that the down-type quarks and charged
leptons are in the mass eigenstates while the Cabibbo-
Kobayashi-Maskawa (CKM) matrix is associated with the
up-type quarks. To convert the up-type quarks of the
interaction basis in Eq. (2.5) into the mass eigenstates,

we need to replace uLi in Eq. (2.5) by V;;u ¢ via CKM

matrix Vij.

III. VARIOUS OBSERVABLES

In this section, we summarize various observables that
we are going to include in this analysis, namely, the muon
anomalous magnetic moment (also known as g —2) and
lepton-flavor-violating radiative decays and B anomalies
R k- and R, pp-. The W-boson mass is accounted for by the
mass splitting the isospin components of the V,, which has
negligible effects on the low-energy observables.

In principle, there could be diquark couplings to V,, but they
would lead to dangerous proton decay [15]. Therefore, we do not
include them here.

— *VH) + ieQy V)

V,(0#AY — PA).

I
A. g—2 and fi - fﬂ/
The amplitudes for the lepton anomalous magnetic moment
Aa, and lepton-flavor-violating radiative decays ¢; — ¢y
are related. We can write the transition amplitude for

Zi(p) = ¢i(p—q)r(q),

where the 4-momentum p is coming and ¢ is outgoing, as

. _ . tit; 4t
T = ec"(q)me,u(p — q)io,,q"[A,"'Pr + Ag" ' Prlu(p).
(3.1)

Then, the partial width of I'(#; — ¢7) can be expressed as

xe

(¢ = ¢) = =mm3 (|77 + A7 P),

(3.2)
where the mass of the daughter lepton #; is ignored.

On the other hand, the anomalous magnetic moment
form factor of the lepton ¢ is given by

A
L, =""Y 26, P
my
_elay -
= AH, .
2, Zic,,(q")?. (3.3)

where Aa, is the anomalous magnetic moment of the
lepton and here ¢ is coming into the vertex. Comparing
Egs. (3.1) and (3.3), we have
Aa, = —m2(AY + AY). (3.4)
We adopted the formulas here from Ref. [16] for
4 P 4 ]]/

bt .
A= “lorx 2M2 Z[ Xf? Xf; (Qv + Oye)
LR: LR RL+ yRL e, 5
+\ Xk, Xz, + Xeo X ——Qv——Qbf« ,
my, 6 3
A =AT(L < R), (3.5)
where Q,c = —Q,, denotes the electric charge of the charge

conjugate of the b quark and Qy, = +4/3 refers to the
upper component of V,. We have made use of the fact that
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all down-type quark masses are much smaller than the LQ
mass m; /My < 1 such that the loop functions f, g, h, and
J approach constant values [16].

We can express the contribution of the LQ to the lepton
anomalous moment as

mymy
2
My,

Nc¢
Bar =6 [#Re(XEE X 2 (0, + 0y
m% (5 2
2AXPRE P (Fo30r )| (36)
where we assume that the contribution from the b quark
dominates over the s and d quarks. The partial width for the

radiative decay, such as u — ey, is given by

D(p = ey) == 2my(JALP +1AFP).  (3.7)

B. Ry -

The effective Lagrangian for a generic exclusive decay of
b — s¢~¢T, with £ = e, u, 7, can be written as

4G
Lipsee D —=

2
75 "V Vi 67[22[@0,. + ClO] +He., (3.8)

where
Lb)(@r'e). Oy = (51,Prb)(Z17).
L)@ re). Oy = (51.Prb)(Zr'r0).
)(ff) O = (3P.b)(¢7),
kb)(£756), » = (5PLb)(Cys0).

= (57,
OIO (57,
= (5P
(5P

Since the term responsible for the left-handed down-type
quark V, interaction is —XLRd“ “el V+4/ which involves

only the right-handed charged lepton e%, it will give rise to
the relation Cy = C;, between Cy and C,. Therefore, we
focus on the interactions with the electron instead of the
muon, as the best-fit results preferred Cy = —Cy for the
muon but Cy = +Cy for the electron. The contributions to
the Wilson coefficients from V, focusing on the inter-
actions with the electron are given by

Br(B, » ¢1¢7) = TBstZBSm%‘ (47)

G|V, Vi ?e*

m3 4m?>
1 — 4m2 /m2 BJC_Clz 1-_2¢
mf/me[mi N S| "

2mf
- Cp) + g (CR' + Cio— C)

LRy LR+
471 v? X317 X5

Cbsee — +Cbsee —
9 10 2 2 * ’
M Vtthb
RL yRLx*
C/bsee — _(lbsee _ 47‘7 v* X5EXH
ST Mg ViV,
tsV th
2 2 RL LR*
Cbsee _ _Chsee _ 4n” 20 X X
R T V*V ’
ts ¥V tb
2 2 LR RL*
Cfgbsee — +C/I)bsee — 4n” 20 X X
2 YR * :
M VISth

Strictly speaking, the above Wilson coefficients are calcu-
lated at the electroweak scale by integrating out the heavy
degrees of freedom such as the LQ. One has to evolve them
down to the m, scale. However, given that the evolution
effect is very small because of small mixings between the
operators and O, = (57,(1 —y5)e)(@r"(1 = y5)b)," we
directly employ the above expressions in our analysis,
similarly for the Wilson coefficient Cy, .

C. RD,D*

The effective Lagrangian for a generic exclusive decay of
b — ct™ U, can be written as

‘Cbcfv = _2\/§GFVcb [(1 + CVL ) (qyﬂbL)(?yﬂer )
+Cy, (Crr"br) @'y, ) + Cs, (¢Lbg) (Tvy, )

+ CSL (abL)(%er) + CT(GGWbL)(TG;wV )} (39)

The isospin —1/2 component of the V, contributes to the
process b — ctv, via the operator (¢, bg)(7v,,) and, thus,
modifies the coefficient Cg,:

1 1 2
Cs, =— — 14 —XRLXLR*). 3.10
=573, 7 (Ve XA ). 3.10)

D.B, - ?¢*¢-
Including the new physics contributions, the general

expression of the B, — #7¢~ in terms of Wilson coef-
ficients is [17]

BS

2} (3.11)

“We especially thank Wolfgang Altmannshofer for explaining this point.
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where C3)! = —4.1 stems from the SM contribution and
tp, = 1.52x 1072 s and fp =228.4 MeV are the life-
time and decay constant of the B meson, respectively. The
current measurements are [13]

Br(B, —» ptp~) = (3.09704%) x 10, (3.12)

Br(B;, » ete™) <9.4x 107 at 90% C.L. from PDG,

(3.13)
and consistent with the SM.

E. W-boson mass

The W-boson mass due to new physics expressed in
terms of the AS, AT, and AU is given by

2 2 2 2
acyMy | A5 o ap4 v Sw
2 453,

M}y, = M
14 W.SM+C%V_SW 3

AU,
(3.14)

where cy, and sy, are, respectively, the cosine and the sine
of the Weinberg angle. « is the fine-structure constant, and
My is the Z-boson mass. In the SM, My, ¢ = 80.361 +
0.006 GeV [11], while the most recent measurement by
CDF is My = 80.4335 £0.0094 GeV [1]. Such a large
deviation can be most easily accommodated by a positive
AT. It is well known that an additional weak doublet with a
mass splitting gives a contribution to AT as’

c

AT = ———
M3, 53,

F(my,m,), (3.15)

where C =1 (3) for a color singlet (triplet) and

2m3m> m?
1M 1
m? — m? log m2)’
1 > 3

Note that AT is proportional to the mass splitting Am =
|m, — m,| between the upper and the lower component of
|

F(my,m,) :m%er%—

TABLE 1.  Best-fitted results of the relevant Wilson coefficients
for Rg k- [13] and Rp p+ [19], muon and electron anomalous
magnetic moments Aa, [5] and Aa, [7-9]. Note that there is a
controversy for Aa, due to two different experimental measure-
ments.

bsee _ (bsee +0.24
C9 - CIO _1'28—0,23

Cs, 0.0271992

Aa, (251 £359) x 107!
AqlKB (4.8 +£3.0)x 10718
AdB (-8.8£3.6) x 10713

the doublet and, thus, always positive. With this AT, the
change in M3, is given by

4 M2
AM2, = ZWEZ AT, (3.16)
Ve -y

IV. PARAMETER SCANS AND RESULTS

The best-fitted results on the Wilson coefficients were
updated in early 2021 [13]. We list them in Table I. The LQ
couplings can involve different leptonic flavors in the same
Feynman diagram, and so it will also give rise to the lepton-
flavor-violating processes, notably, the radiative leptonic
decays 7; — ¢;y. While these processes have not been
observed, the upper limits are quite restrictive:

B(t = py) < 4.4 x 1078, 90% C.L.,
B(t — ey) <3.3x 1078, 90% C.L.,
B(u — ey) <4.2x 10713, 90% C.L.

We perform the global chi-square fit to the observables,
including Rg k-, Rpp, By = ¢7¢7, and £; — ¢}y, by
scanning the couplings of LQ V, with the scanning ranges
of various couplings:

Scan: —20 < X5} <20, 0 < X5 < Vnr, -1 <X} <1,
~Var <X <Vaz,  2VAz <X <2v4m, —1<xR <,
-1<xR<1, -2<xM <2, my, =2 TeV. (4.1)

Since the theoretical uncertainties are still ambiguous
among Aa,,, we have not included the observables in
the global fit at this stage but rather treat them as posterior

>This expression is based on the formulas listed in Appendix D
of Pokorski’s book [18].

|
predictions. Because of the facts that all the observables
and Wilson coefficients are originated from products of two
couplings, such that only the relative sign between cou-
plings would be revealed from the chi-square fitting, we
scanned the positive value of X5 and both signs for the

other couplings. Note that the X5® and X;RPR" (X5R and
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X5RE) are related to C3g (C3%4). The X5R combining
with X5. dominantly contributes to C§ , while other
combinations are suppressed due to the off-diagonal ele-
ments of the CKM matrix. Since the flavors of neutrino are
indistinguishable in the process b — cztv,, we sum over the
neutrino flavors. The Aa, (Aa,,) are generated through a pair

of bottom quark and V, running in the loop, since the heavy
b-quark mass enhances flipping the chiralities of external

muons; thereby, they are strongly correlated to Xlgf’RL

(X%E’RL). We adopted the two-dimensional chi-square sta-
tistics; i.e., Ay? <2.30 (6.18) corresponds to lo (20)
regions. The chi-square distributions are shown in Fig. 1,

05
0 <618 0.4 4
R 04 N
¢ AxT<230 T A3
1 . B 3 03 2
fo Ze S [ — -
O 2 G 0 £ 02 ~ -
< oy £
-0.. = . = 2
= o = o3
0 ' P
04 -4
s 3 - 1 0 04 02 0 02 04 b1 o 0102 03 04 05 04 02 0 _ 02 04
cheee chsm XaiH(my,/TeV) X5/(my,/TeV)
0.1 10°
02 0.08 _1
0.1 0.06 . S 10
@
© O 0.02} £ .
= 10°
0.1 0 N zh
-0.02 ~10*
02 -0.04 105
02 0.1 01 02 -0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 10% 107 19‘3 102
cloun Xsil(my,/TeV)

04 04 02 _ 0 02 04 105 107 19° 102 107 100 e
X5(my,Tev) IXE(my,Tev) IX55H/(my,/TeV)
20 - 10! 1
2 .-:‘ ©2), %0
: _oLKB g 5
(02), 20 10| (92 1o 10° (9-2), 20 10°
2 5 % K
o 2 =
= Toipel X 107
g < b
0 102 102
i
A5 (g2 1o %
15 20 -20 10

004 002 0 002 004
X31/(my,/TeV)

3
107 107 107

’ 10
*5(my,/TeV)

o

10" 10™ 1
X3i/(my,/TeV)

(©2), 20

1

25 3 35

52 H o
X55V/(my,TeV) X5g/(my,/TeV)

20

=)

5

B # \

X

z3

T \ LHCb 1o
w2

Q

I

@ 1

90.1 -0.08-0.06-0.04-0.02 0 0.02 0.04
Cgsw

=)

PDG 90% C.L.

BR(B,—ee)x10°
o

n
=]

02 01 0 01 02
Cbsee
'S

FIG. 1. Scan: The chi-square distribution includes Ry g+, Rp p+, By = ¢1¢~, and £ ; = ¢y data. The best-fit point, BP-1, gives
12|RK+RD+BS+LFV = 22.48 with pull 3.8¢ Compared to the SM, /‘(2|RK+RD+BS+LFV = 36.92.
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TABLE II. Benchmark points with my, =2 TeV. The SM gives 7 Re+Rp+B,+LFv = 30.92,
)(2|RK+RD+LFV+a,,+a’;KB =57.58, and Xz‘RK+RD+LFV+BS+a,,+a§ = 61.00.

BP-1 BP-2 BP-3
XiR -0.445 -17.85 -0.0115
XiR 0.0271 6.44 x 1074 0.927
XRE 1.58 x 10~ -2.48 x 1078 -0.0145
X5 -0.0245 ~7.18 x 1073 -0.0606
XK —-2.01 x 1073 6.820 111 x 107
X8 —-8.25 x 1073 -0.183 -1.19 x 1073
XR -0.367 -235x 1073 0.990
XRE 0.217 -1.87 x 107 -0.0252
Cy = Cp 7.77 x 1073 -7.73 x 1073 -1.06 x 10~
Chee = Chsee -1.90 -1.82 -1.68
Cs, 0.0276 -1.55x 107 0.0141
chm = _chm -0.0638 —-4.14 x 1073 —-2.27 x 107
Chsee = —Chsee 0.0222 —-1.40 x 107 -0.053
Aa,? -2.11 x 10713 2.12 x 107° -5.19 x 10713
Aa)? -8.02 x 1071 -1.05 x 10712 4.52 x 10713
Br(z = uy) 3.36 x 1071 7.94 x 10712 2.04 x 1077
Br(z — ey) 1.86 x 1078 1.01 x 107° 3.65 x 107°
Br(u — ey) 1.27 x 10713 6.37 x 10714 8.68 x 10714
by 21.34 22.15 21.63
2lr, 0.001 1.09 0.245
P 0.002 0.567 0.0408
215 ce 0.018 0.000 0.548
2liey 1.12 0.065 0.156
2la, 18.10 0.434 18.11
2P e 2.57 26.12 0.009
Yalr, 5.96 0.232 13.69
R 4Ry 4B+ LFV 22.48 23.88 22.62
X R+ R+ B, +LFV-+a, +alk® 43.15 50.43 40.74
)(2|RK+RD+B‘\.+LFV+a,,+a§ 46.54 24.54 54.42
KPRy 4Ry + B, +LFV + a6 25.05 50.00 22.63
K| R e+ Ry B, +LFV 4B 28.44 24.11 36.31

based on projections of two selected parameters whereas
marginalizing the others.

Among the scanning points using the data Rg k-, Rp p-,
B, = ¢*¢~, and ¢; — ¢y, we further select three bench-
mark points, which yield minima of chi-square with respect
to various groups of observables, and more details are listed
in Table II:

(l) BP-1.—The best fit to RK,K*s RD,D*’ Bs d f+f_,
and LFV data and gives x|z 1z 15 11rv = 2248
with a pull 3.86 comparing to the SM,
)(2|RK+RD+BS+LFV = 36.92.

(i) BP-2—Gives 7 R+ Rp B, +LFVa, b = 24.54 and,
thus, provides a simultaneous solution to (g —2),

and (g —2)B.

(iii) BP-3—Gives 2% g g s1pvioiior = 22.63 and,
thus, provides an explanation for (g — 2)LKE,
Because the isodoublet vector LQ V, couples to the
right-handed lepton and, thus, induces C5°¢¢ = Chs¢¢, the
(Chsee, Cbse¢) panel in Fig. 1, the BP-1 in Table II shows
that the C5*¢ = Ct5¢¢ = —1.90 from V, provides the best
solution for the R x- anomaly, which increases b — se*e”

to reduce the values of Ry g-. It implies the correlation

XER(XER)*  =0.0030
my, (1 TeV)

(4.2)

and is shown in the (—X5R, XLR) panel in Fig. 1.
The (X58, XX&) panel in Fig. 1 indicates mild correlation
between (X3X and X%), that came from the Rp -
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observables and, thus, Wilson coefficient C§R. According to
the preferred value of C§R from Table I, Eq. (3.10) gives

XRE(XER) ., _—0019
my, (1 TeV)*’

(4.3)

where the minus sign is originated from the V., ~ —0.041.
Since CfR = 0 is still compatible with observation within
lo (Ay* < 2.3), the chi-square regions in the (XiR, XRb)
panel connected.

The B, — putu~ observable dictates the chi-square
regions in the (C3™, CH*) panel, and there are two
solutions: C™ — —Ch%™ ~ 0,064 and =~0.00 corre-
spond, respectively, to non-SM and SM solutions, which
also exhibit in the (X5X, X5-) and (Aa,, X5Y) panels. The
non-SM and SM solutions require

XRL(XER) z—S.l x107° and
my, (1TeV)? my,

XX 1073
~(1TeV)?
(4.4)

respectively. On the other hand, the B; — e e~ observable,
which is consistent with the SM, sets limit on
XRL XLR * 10—4
| 31(221) |S 5 (45)
m (1 TeV)
V)

explaining the region in the (X5R, X§[") panel in Fig. 1.

BP-1 fits well to Rg g+, Rp p+, By = £7¢~, and LFV
observables; however, it does not induce sizable Aa, or
Aa,. BP-2 intriguingly provides simultaneous solutions to
Aa, and Aaf, as well as a decent fit to B-physics
observables. The severe restriction from y — ey is the
main difficulty to a generate sizable Aa,. Specifically, the
former is related to the linear combinations of X5R X% and
XIRXRL, while the latter is related to the product XX XRE.
Therefore, suppressing the XEF’RL to avoid the p — ey
constraint may help to unleash a large enough Aa,.
According to Egs. (4.2) and (4.5), apparently, the above
scenario can be achieved by a large enough |X5|, and this
is the main result of BP-2. Unfortunately, the minimum
requirement of |X5R| is significantly above the perturbative
limit, \/47z. For example, it needs X5R < -8 from the
(X5R, Aa,) panel in order to start overlapping with the 26
region of (g—2),, and it is X5 = —17.85 for BP-2.
Finally, BP-3 provides an alternative solution for AaLXP
and B anomalies; meanwhile, it is consistent with LFV and
B-physics limits.

The raising of the W-boson mass due to the mass
splitting of the isodoublet V, is given in Eq. (3.16). The
raise depends only on the absolute of the mass difference
and is shown in Fig. 2. It can be seen that a mass splitting of

80.5

80.451 CDF Il 16

myy, [GeV]

SM 1o

80.35

0 5 10 15 20 25 30 35 40
[ma-my| [GeV]

FIG. 2. The resulting W-boson mass due to the mass splitting

between the upper and lower isospin components of the vector

LQ V, around 2 TeV. Note that the lower band in green is the SM
prediction, while the upper band is the latest CDF measurement.

25-30 GeV provides a viable solution to the W-boson
anomaly. Such a mass splitting corresponds to 1.25%—1.5%
of a2 TeV LQ.

V. CONCLUSIONS

Most works in the literature on solving the Ry k-
anomaly rely on reducing b — su™u~ with the LQ cou-
plings to the left-handed muon. Nevertheless, it remains an
almost equally viable solution of increasing b — sete™.
Here, in this work, we have attempted to use the isodoublet
vector LQ V, that couples to the right-handed electron to
increase b — se' e~ and found parameter space to explain
the R k. Simultaneously, it can also explain the R, - and
is consistent with the B decays.

We have also investigated the possibility of explaining
the muon anomalous magnetic moment. Such a possibility
is severely constrained by the leptonic radiative decay
Z; — jy. We have successfully found some parameter
space points that can explain all Rg g+, Rp p+, By decays,
LFV, and Aa, and AaP (see BP-2), though one of the
couplings is close to or larger than the perturbative limit.

Furthermore, the isodoublet vector leptoquark V, natu-
rally explains the W-boson anomaly with a mass splitting of
the order of 25-30 GeV between the isospin components.

ACKNOWLEDGMENTS

We especially thank Wolfgang Altmannshofer for useful
discussion on renormalization of Wilson coefficients and
Chih-Ting Lu for discussion on W-boson anomaly. K. C.
also thanks Wai-Yee and Gum-see Keung for their great
hospitality. The research was supported in part by the
Ministry of Sciences and Technology with Grants
No. MoST-110-2112-M-007-017-MY3 and No. MoST-
111-2112-M-007-012-MY3.

Note added.—We came across a number of works in the
attempt to explain the W-boson anomaly [20-30].
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