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Scalar leptoquark and vector-like quark extended models as the explanation
of the muon g-2 anomaly: bottom partner chiral enhancement case”
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Abstract: Leptoquark (LQ) models are well motivated solutions to the (g—2), anomaly. In the minimal LQ mod-
els, only specific representations can lead to chiral enhancements. For the scalar LQs, R, and S can lead to the top
quark chiral enhancement. For the vector LQs, V, and U; can lead to the bottom quark chiral enhancement. When

we consider the LQ and vector-like quark (VLQ) simultaneously, there can be more scenarios. In our previous study,

we considered the scalar LQ and VLQ extended models with up-type quark chiral enhancement. Here, we study the

scalar LQ and VLQ extended models with down-type quark chiral enhancement. We find two new models with B

quark chiral enhancements, which originate from the bottom and bottom partner mixing. Then, we propose new LQ

and VLQ search channels under the constraints of (g —2),.
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I. INTRODUCTION

The (g-2), anomaly is a longstanding puzzle in the
standard model (SM) of elementary particle physics. It
was first announced by the BNL E821 experiment [1].
Last year, the FNAL muon g-2 experiment revealed in-
creased deviation from the SM prediction [2]. When com-
bining the BNL and FNAL data, the averaged result is
a;® = 116592061(41)x 10~!!. Compared to the SM pre-
diction 4™ =116591810(43)x 107" [3-23], the devi-
ation is Aa,= ay® —-aiM = (251+59)x 107!, which
shows a 4.20- discrepancy. Many new physics models
were proposed to explain the anomaly [24—29].

For the mediators with mass above the TeV level, the
chiral enhancements are required, which can appear when
left-handed and right-handed muons couple to a heavy
fermion simultaneously. In the new lepton extended mod-
els [30—33], the chiral enhancements originate from the
large lepton mass. The LQ models are an alternative
choice [34—40], in which the chiral enhancements origin-
ate from the large quark mass. For the minimal LQ mod-
els, there are scalar LQs R,/S with top quark chiral en-
hancement and vector LQs V,/U; with bottom quark
chiral enhancement. The LQ can connect the lepton sec-

tor and quark sector. On the other hand, the VLQ natur-
ally occurs in many new physics models and is free of
quantum anomaly. It can mix with SM quarks and
provide new source of CP violation. Hence, the LQ and
VLQ extended models can lead to interesting flavour
physics in both the lepton sector and quark sector. In our
previous study [41], we investigated the scalar LQ and
VLQ” extended models with top and top partner chiral
enhancements. In this study, we investigate the scalar LQ
and VLQ extended models, which can produce the bot-
tom partner chiral enhancements. This paper is comple-
mentary to our previous paper [41]. Moreover, the top
partner and bottom partner lead to different collider sig-
natures.

In Sec. II, we introduce the models and show the re-
lated interactions. Then, we derive the new physics con-
tributions to (g—2), and perform the numerical analysis
in Sec. III. In Sec. IV, we discuss the possible collider
phenomenology. Finally, we present a summary and con-
clusions in Sec. V.

II. MODEL SETUP
Typically, there are six types of scalar LQs [35],
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which carry a conserved quantum number F =3B+
L. Here, B and L are the baryon and lepton numbers. As
for the VLQs, there are seven typical representations
[42]. In Table 1, we list their representations and labels.
For the six types of scalar LQs and seven types of
VLQs, there can be a total of 42 combinations, which are
named "LQ+ VLQ" for convenience. Only 17 of them
can lead to the chiral enhancements. In Table 2, we list
these models that feature the chiral enhancements. The
contributons in the four models R, + By g/(B,Y).z and
S1+BLr/(B,Y)Lg are almost the same as those in the
minimal R, and S; models. There are nine models
Ry+Trr/X,T)Lr/(T,B)Lr/(T,B,Y)Lg and S;+Trgr/
(X, T)L’R/(T, B)L,R/(X, T, B)L,R/(Ty B, Y)L,Ry which produce
the top and top partner chiral enhancements. For the two
models R,/S3+ (X, T, B).r, there are top, top partner, bot-
tom, and bottom partner chiral enhancements at the same
time. The models including 7" quarks were investigated in
our previous work [41]. Here, we will study the pure bot-
tom partner chirally enhanced models R,/S 1+ (B,Y) x.

A. VLQ Yukawa interactions with Higgs
Let us start with the (B,Y), z related Higgs Yukawa

Table 1. Scalar LQ (left) and VLQ (right) representations.
SUB)ecxSUQR)LxU(l)y label F SUB)cxSUR)LxU(l)y abel
representation representation
(3.3,1/3) S3 -2 (3,1,2/3) TLr
(3,2,7/6) R, 0O (3,1,-1/3) Brr
(3,2,1/6) Ez 0 (3,2,7/6) X, T)Lr
- ~ (3,2,1/6) (T,B)Lr
(3,1,4/3) S; 2
(3,2,-5/6) (B,Y)Lr
(3,1,1/3) S1 =2 (3,3,2/3) (X,T,B)Lr
(3,1,-2/3) S =2 (3,3,-1/3) (T,B,Y)Lr
Table 2.  Chiral enhancements in the minimal LQ and
LQ+VLQ models.
Model Chiral enhancement
Ry my/my,
A my/my,
Ry +Brr/(B,Y)LR my [y,
S1+BLr/(B,Y)LRr my/my,

Ro+TLr/(X,T)Lr/(T,B)Lr/(T,B,Y)LR
S1+TLr/(X.T)LR/(T,B)Lr/(X,T,B)Lr/(T,B,Y)LR
Ry +(X,T,B)Lr

my [my,mr [my,

my[my,mr [my
my[my, my [my, my [my,, mp[my,
S3+(X,T,B)Lr my /My, my [my,my, [my,,mg[my

R, +(B,Y)Lr
Si+®B.Y)Lr

ml)/m;hmB/m;z

mp /My, mp/my,

interactions. In the gauge eigenstates, there are two inter-
actions Q; dj¢ and (BL,Y.)dh$ and the mass term
—~Mp(BB+YY). Here, we define the SM Higgs doublet
é =io?¢* with o%(a = 1,2,3) to be the Pauli matrices. The
Q) and di (i=1,2,3) represent the SM quark fields. We
can parametrize ¢ as [0,(v+h)/ V2]” in the unitary gauge.
After the electroweak symmetry breaking (EWSB), there
are mixings between d' and B. For simplicity, we only
consider mixing between the third generation and B
quark. Thus, we can perform the following transforma-
tions to rotate b and B quarks into mass eigenstates:

b b b b
L N CLh Si L ,
BL -8, BL
b choosh b
ol ® R o (1)
BR —Sz C% BR
Here, s, and ¢}, are abbreviations of sin6?, and
cos@) ., respectively. In fact, 6 can be correlated with 6%
through the relation tan@’ = mytan6s/mp [42]. Here, my,

and mp represent the physical b and B quark masses, re-
spectively. Additionally, the mass of the Y quark is

my = Mp = \/m%(c§)2 +m}(s%)?. Then, we can choose mp
and @% as the new input parameters. After the transforma-
tions in Eq. (1), we obtain the following mass eigenstate
Higgs Yukawa interactions:

Ly s T by nph - 2 (52 hBB
1% 1%

- %S%Cﬁh(l_ﬂLBR + BRbL) - ?Sﬁcﬁh(BLbR + l_?RBL).

2

Note that the Y quark does not interact with Higgs at the
tree level.

B. VLAQ gauge interactions

Now, let us label the SU(2), and Uy(1) gauge fields
as Wy and By,. Then, the electroweak covariant derivat-
ive D, is defined as 9, —igWy0¢/2—ig’'Y,B, for a doublet
and 0, —ig'Y,B, for a singlet, in which Y, is the Uy(1)
charge of the quark field acted by D,. Thus, the related
gauge interactions can be written as EiiDﬂy/‘ O +
dg'iDy*diy + (B.Y)iD,y*(B.Y)T . After the EWSB, the W
gauge interactions can be written as

-

L
° V2

W (b + By"Y) +hc.. 3)

The Z gauge interactions can be written as
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8 1 1 — 1, —
LD J |:<_5+§S%V) bL)/‘ubL+§S%;VbR’)/‘ubR

11, 14,
+(3+350) e (5435 7]z, @

After the rotations in Eq. (1), we have the mass eigen-
state J¥ gauge interactions:

L3y D 7 A [ch 7y b+ sSSiy" B + U By Yy,
— Py YL + B Bry* Yr — shbry* Yrl +hec..  (5)

We also have the mass eigenstate Z gauge interactions:

(5 —(sh)?

7 (BLy"B—bry"by)

: 8
sty
cw

b
(¢ R) bry"br

—sheh(bry" B +Bry'br) +

(CR)2 S?? CR M
2 Bry"Br — 2 (bry"Br + Bry"br)

W(by"b+By”B)+ <—% + 432 ) Yy"Y} (6)

C. VLQ Yukawa interactions with LQ

Let us denote the SM lepton fields as L} and ek. The
R, can be parametrized as [Rz/ 3 Rzl/ 317, where the super-
script labels the electric charge. Then, the R, and S can
induce the following F =0 and F =2 type gauge eigen-
state LQ Yukawa interactions:

— B;
Ly gy, 2 xieh(Ry)T ( v

) + yijEE(Rz)*a% +h.c.,
L

(7

and

c
- — (B \ .
Lgﬁ(g,y)”Dx,-jeje(dlje)c(Sl)*+yiL’L€< v ) (S)*+hec..
L
(3

After the EWSB, they can be parametrized as

b _
Li sy, 2V o BERPY + YR w0, bR

— Rty wib(Ry'P) +hc.,

©

+yIZ’”B_ w_ Y(R_I/S)

and

Ls vy, 20" R0 bCS )+ v PR w, BOS 1)
—yil"’Bﬁw+Yc(S~1)*+h.c.. (10)

In the above, we define the chiral operators w. as
(1+9°)/2. After the rotations in Eq. (1), we have the
mass eigenstate interactions:

Rz B R,ub 2/3\*
Lz sy, 2B o +yt chw bR

_ R b
+,u(yL“ ch +y1}§” hw+)B(R2/3)

+ V0w YR,y

RS (chb+ sEBYR;PY +he., (1)
and

L5 1By, 2 B0 o - Yy b w )b )"

\ub \uB & %
+AOS sha_ +y5 P b w )BE(S )

— Yo B w0, YC(§1)" +hec.. (12)

III. CONTRIBUTIONS TO (g-2),

A. Analytical results of contributions

For the LQug interaction, there are quark-photon and
LQ-photon vertex mediated contributions to (g—2),,
which can be described by the functions f9(x) and f5(x).
Then, we use the functions fZ’LS (x) and ff,’f (x) to label the
parts without and with chiral enhancements. Starting
from the f/; 5 (x) and fLR (x) given in our previous paper
[41], let us define the following integrals:

RﬂY(x) 4fq () — fLL(x) 3+2x=Tx2+2x3 +2x(4— x)logx

41— x)*
: [5—dx— 2+ (2 +4x)log x]
pr(x) fLL(x)+2fLL(x)—x X ;c(l_x)4 X ng’
5—dx—x*+(2+4x)1
R/,lb(x) = F () 250 = — X Z(l_(x)3 X) ng,

S (x) == 2, (0) +4£5,(x)
2—Tx+2x>+3x° +2x(1 —4x)logx
4(1-x)* ’

1+4x—5x2—(2-8x)1
S (2) == Fu (0 + A f ) = 2 jc(l_(xp 2 "j;

For the R, +(B,Y).x model, there are b, B, and Y quark
contributions to the (g—2),. The complete expression is
calculated as
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Rz.UB 2 2
A aRz+BY W1 Ry ( my
8”2 2 LL 2

mR,./; mR 1/3
RouB 2 2 Roub 2 2 2
Iy P(sD)? + g™ P (k) Rzpb( m, )
LL
m%m ml%/f
) ) 2
2mb SLCRR RouB ( Roub\*7 cRoub [ 11
. m2 ey YR LR\ 2
" R /3 Ri/,%
R.uB2 2 Roub2 b\2 2
Iy 7 (CL) +lyg" 17 (sR) Rzyb< mp )
LL
m,% . m,%;
b ) ) ) 2
2mpg CLSRR RouB ( Rub\*\ Roub( Mp
+— " YL YR LR\ 2 :
l,[ RZ/'& RZ/}
(14)
At the tree level, we have mpgs = mg1s = mp . Compared

with the bottom partner chirallv enhanced contribution
|

S, +BY _
Aa

H 812 { m% LL
1

1B \ub
|yRﬂ |2(CL)2+|)’L” |2(SR)2 ~,/1b(m

2 LL
mS.

Similarly, it can be approximated as

§,+By _ Mg sb uB, 8 b~ sy oS ub
Aa,u' ~ am2 sgRe yRI (yL] )’ ]le
S,

2
n ) (17)

The input parameters are chosen as m, = 105.66 MeV,
my = 4.2 GeV, m, = 172.5 GeV, Gp = 1.1664 x 1075 GeV~2,
my = 80.377 GeV, mz=91.1876 GeV, and my,, =125.25
GeV [43]. The v, g, 6y are defined by G =1/(V21?),
g =2mw/v, cosOy =cw =mwy/mz. There are also new
parameters mp, mpQ, HR, and the LQ Yukawa couplings

B. Numerical analysis

yLQ" 7. The VLQ mass can be constrained from the direct
search, which is required to be above 1.5 TeV [44—47].
The mixing angle is mainly bounded by the electro-weak
precision observables (EWPOs). The VLQ contributions
to T parameter are suppressed by the factor (s2)* or
m3(s%)? /m% [48, 49], which leads to a less constrained 65.
The weak isospin third component of By is positive; thus,
the mixing with the bottom quark enhances the right-
handed Zbb coupling. As a result, the A%, deviation [50,
51] can be compensated, which leads to looser con-
straints on 6%. Conservatively, we can choose the mixing
angle s% to be smaller than 0.1 [42]. The LQ mass can
also be constrained from the direct search, which is re-
quired to be above 1.7 TeV assuming Br(LQ — bu) =1

S\ uB S.ub
g P92 + 1y, PR 5

2 2
m 2my, sbcb m

b ) M SR p o [ Rl,uB(yLl,ub) 155 .pb( b )
m m

m>=

2

®e
hanced parts are suppressed by the factor
my,/(mpsy) ~ 1/(10*s%) and the bottom quark chirally en-
hanced part is suppressed by the factor (mps?)/(mpsh)
~(m2/m%). For the interesting values of s% at
0(0.01 ~0.1), Aa52+BY is dominated by the bottom part-
ner chirally enhanced contribution. Then, the above ex-
pression can be approximated as

2
(ie., the fR#® ( B ) related term), the non-chirally en-
m

2

m,mp RouB, Roub~sq oRopb [ T
A57+BY 4!; 2 bR[yll .U)] ll< 2B> (15)

mR2

For the S| +(B,Y).z model, there are b and B quark
contributions to (g—2),. The complete expression is cal-
culated as

2 2 2
S, H S S!
2mpg b sb m3
D LR Relyp 0 ]fL'“b( £ } (16)
s ms
[52, 53].

We can choose benchmark points of mB,mLQ,s§ to
constrain the LQ Yukawa couplings. Here, we consider
two scenarios: mpq > mp and mpq < mp. For the scenario
of mLq > mp, we adopt mass parameters of mg = 1.5 TeV
and myg =2 TeV. For the scenario of myqg <mp, we ad-
opt mass parameters of mp = 2.5 TeV and mq =2 TeV.
In Table 3, we give the approximate numerical expres-
sions of Aa, in the R,/Si+(B,Y).x models. We also
show the allowed ranges for s%=0.1 and s%=0.05. Of
course, these behaviours can be understood from Eqgs.
(15) and (17). In the R, +(B,Y) .z model, Rz”b (x) van-
ishes when mp = mj; , which causes the |Re[y; R”B R“h) 1l
to be under the stress of perturbative unitarity. If there is
a large hierarchy between mp and my , the allowed
Re[ RZ”B(yRZ“b) I can be smaller. Additionally,
Re[sz”B (sz”b )] should be positive (negative) when
mg <mp (mp>mg). Inthe §+ (B, Y)rx model, fiy ‘”b(x)
is always negative, which requires Re[yR‘“ B(yL‘” b) 1<0.

We can also choose benchmark points of 5% and LQ
Yukawa couplings to constrain the mp and myq. Fig. 1
presents the (¢—2), allowed regions in the plane of
mp—miq. As shown, mp <mp and mp > my are favored
in the left and middle plots, respectively. This can be un-
derstood from the asymptotic behaviours f;z Z"b(x)
~log(x)/2>0 for x—0 and fX*(x)~-1/(4x)<0 for
x—oo. To produce a positlve Aay,, mp<mp and
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Table 3.

In the third column, we show the leading order numerical expressions of the Aa,. In the fifth and sixth columns, we show
the ranges allowed by (¢-2), at 1o and 20 confidence levels (CLs).

R RouB . Ropth R S1uB . S1uby«
Model (mp.mLQ)/TeV Ay X107 o ebn” Og” V1 or Relyp 077 )]
lo 20
0.1 (0.55,0.88) (0.38,1.05)
(15,2) 0.35 58 Re[yR2HB (yR2mby)
B 0.05 (1.1,1.77) (0.76,2.11)
Ry +(B.Y)Lr
FouB Foutb 0.1 (—1.38,-0.86) (-1.65,-0.59)
(25.2) —0.224shRe[y; " ()]
0.05 (=2.76,-1.71) (=3.29,-1.19)
, 0.1 (—0.045,-0.028) (—0.054,-0.019)
(15,2) —6.88sRe[y5 #E(y5 140)"]
B 0.05 (—0.09,-0.056) (=0.11,-0.039)
S1+(B.Y)Lr
0.1 (~0.049, -0.03) (~0.058,-0.021)
(25,2) —6.37sbRe[y5 B (35 140)7]
0.05 (—0.097,-0.06) (=0.12,-0.042)
14 5.0k (9-2), at 20 C} Ro+(B,Y).r ] 4.0 (9-2), at 20 CL
-(972),,3110 L [ (g-2), at 1o CL
12 4.5¢ s3=0.1 35 sp=0.1 .
JRekB__ Rai_g g Y S8 g o SiBYr
S 10 S 40 1s
(0] (&) (0]
= £ a5t {e 30
S S &
3.0 ]
6 25
2.5¢
4 (g-2), at 20 CL 2.0
2k : . .-(Q’zl)uElWGCL. 2'0'. m . . . . . . . . . . .
15 20 25 30 35 4.0 0 5 10 15 20 25 30 2 3 4 5 6 7 8
mg (TeV) mg (TeV) mg (TeV)
Fig. 1. (color online) (g-2), allowed regions at lo (green) and 20 (yellow) CLs with st =0.1. The parameters are chosen as

yRoub — Raib 08 in the R+ (B,Y) model (left), waB

§1+(B,Y) model (right).

mg>mp are favored for Re[sz“B(sz“b)*] >0 and
Re [yRZ”B(yRZ"b)*] <0, respectlvely The fp 1”b(x) has
asymptotlc behaviours f;y ‘”b(x) log(x)/2<0 for x>0
and f;z S0 () ~=5/(4x)< 0 for x — oo. To produce a posit-
ive Aa,, Re[yy**(y} *")*] < 0 is favored. Furthermore, the
allowed reglons in the plane of mp—myg are sensitive to
the choice of yL ¥4 Generally, a larger |yL U4 corres-
ponds to a larger mp and myq.

IV. LQ AND VLQ PHENOMENOLOGY AT
HADRON COLLIDERS

In Table 4, we list the main LQ and VLQ decay chan-
nels”. The decay formulae of LQ and VLQ are given in
Appendices A and B, respectively. For the scenario of
mLq > mp, there are new LQ decay channels. When
searching for the LQ Rg/ 3, we propose the pjpZ and pjyh
signatures. When searching for the LQ R; 13 we propose
the uj, W signatures. When searching for the LQ S, we

1) The R;'* — v, B and B — v, ;'

Rz"h =0.8 in the R, +(B,Y) model (middle), and ys”‘h yS“‘B

0.2 in the

propose the wj,Z, wjpyh, By j,W signatures. For the scen-
ario of mpq <mg, there are new VLQ decay channels.
When searching for the VLQ B, we propose the u*u™jj,
signatures. When searching for the VLQ Y, we propose
the u By j, signatures. It seems that such decay channels
have not been searched for by the experimental collabora-
tions.

To estimate the effects of new decay channels, we
will compare the ratios of new partial decay widths with
the traditional ones. Because of gauge symmetry, the dif-
ferent partial decay widths can be correlated. Then, we
choose the following four ratios:

TR > B) P TS1—>u*B) P
TR - by pReep’ TS —pth)  pSubp’
TB-u B VOPP TS0y i P
I'(B — bh) my(sh)?’ I'(B — bh) ma(sh)?
(18)

decay channels are suppressed by the factor (sﬁ’e)z. The B — tW™ decay channel is suppressed by the factor mi / m%.
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In Fig. 2, we show the contour plots of above four ratios
under the consideration of (¢—2), constraints. In these
plots, we include the full contributions. We find that the
new LQ decay channels can become important for larger
B in the R, +(B,Y)Lg model and |yy*?| in the
S1+(B,Y)Lz model. As for the VLQ decay, the import-
ance of new decay channels depends significantly on s%.

For sﬁ =0.1 and mp = 2.5 TeV, the new VLQ decay chan-

nels are less significant. For smaller s%, the new VLQ de-
cay channels can play an important role.

For

the LQ and VLQ production at hadron colliders,

there are pair and single production channels, which are
very sensitive to the LQ and VLQ masses. We can adopt
the FeynRules [54] to generate the model files and com-
pute the cross sections with MadGraph5_aMC@NLO
[55]. For the 2 TeV scale LQ pair production [56—58], the

Table 4. In the third column, we show the main LQ decay channels. In the fourth column, we show the main VLQ decay channels. In

the fifth column, we show the new LQ or VLQ signatures.

Model Scenario LQ decay VLQ decay new signatures
o> ms R = utbu*B B — bZ,bh R = wjnZopjvh
Rt (B.Y) R;1/3—>y+)’,va Y - bW~ R;1/3—>yij
2+ (D, V)LR - -
R%B —>u*b B— bZ, bh,p’Rg/3 B— utu jp
mLQ <mp B 5
R;l/s—wLb Y—>I7W‘,;1‘R;1/3 Y — uHr ji,
) o B — bZ,bh i
mLQ > mp St—= Wby ByLY . St = ujvZ, wjvh, Br jsW
S1+B.Y)Lr ~
< S +5 B — bZ.bh.u*(S1)" B— 'ty jp
mLQ <mp 1 =M o
Y > bW, v (S1)* Y — pHrjp
1.5F oF J ’ ' '
1.0p Bo+(B.Y) R 1 i ‘ Ro+(B.Y)Lr ]
F(RZ By r(Bow
L 1 (L (e
0.5 / OQWOr(,}fabu.) ‘ Log1o T (B>bh)
g E b R
e 00 ) g Obyfe i er e
RowB Ry
v YR eR m:, =2TeV
—0.5} 4 B Ry -1.0
= Mg =2TeV 1 L me=25Tev | '
-1.0f mg=1.5TeV ] -2 s4=0.1 ‘ e
s5=0.1 ‘
_15k ] |
5505 00 05 T TS -2k : : : 5
~ =10-0500 0.5 1.0 1. -2 -1 0 1 2
yfz e yf\’z uB
0.4} 0.4}
S1+B.Y)r S1+(B.Y)r
[ ] r(5oBur [ ] ST
0.2 > Logm—(%) 0.2 ‘ Logmjﬁ_“(ﬂ)
- I'(S1—»bu‘) | T (B-bh)
= T =
5., 0.0f 1 5. 0.0f
% 1 (23] -1.5
Su8  Siub SiuB Sy I
YRyl eR ~ 0 YRyl eR y } -2.0
-0.2 mg =2TeV ] 1 =021 m, =21ev ] -25
mp=1.5TeV _2 mp=2.5TeV -3.0
-0.4} $2=0.1 -0.4} 52=0.1
-04 -02 00 02 04 -04 -02 00 02 04
Sy uB Sy B
yR1 H yR1 Hi
. . TR —u*B §.—u™B By R .
Fig. 2.  (color online) Contour plots of log;, % (upper left), log;, % (lower left), log;, % (upper right), and
2 TH

LBt S DY)

logio ~Tegspm— (lower right), where the colored regions are allowed by the (¢-2), at 200 CL. For the LQ decay, we choose
mp =1.5TeV and m g =2 TeV. For the VLQ decay, we choose mp =2.5 TeV and m g =2 TeV.
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cross section can be ~ 0.01 fb at the 13 TeV LHC. For the
1.5 TeV and 2.5 TeV scale VLQ pair production [59—61],
the cross section can be ~2fb and ~0.01 fb at the 13
TeV LHC. For the single LQ and VLQ production chan-
nels, they depend on the electroweak couplings [42, 62,
63]. In the parameter space of large LQ Yukawa coup-
lings, the single LQ production can be important, which
may give some constraints at HL-LHC. To generate
enough events, higher energy hadron colliders, for ex-
ample, 27 and 100 TeV, can be necessary. In addition to
the collider direct search, there can be indirect footprints,
for example, B physics related decay modes
T — ptu~,vvy. If we consider a more complex flavour
structure (e.g., turn on the LQus interaction), this can af-
fect the B— Ku*u~ channel. Here, we will not study this
detailed phenomenology.

V. SUMMARY AND CONCLUSIONS

In this study, we investigate the scalar LQ and VLQ
extended models to explain the (¢—2), anomaly. Then,
we find two new models R,/S | + (B, Y), g, which can lead
to the B quark chiral enhancements because of the bot-
tom and bottom partner mixing. In the numerical analys-
is, we consider two scenarios: myq > mp and mpq < mgp.
After considering the experimental constraints, we choose
relative light masses, which are adopted to be
(mp,mLg) =(1.5TeV,2 TeV) for the first scenario and
(mp,mLq) = (2.5 TeV,2 TeV) for the second scenario. In
the R, +(B,Y); x model, the IRe[yR #B R”b) ]| is bounded

to be O(1), because fL
Meanwhile,

Ru%Z Ruh)]

’(x) vanishes accidentally as
mp = we can expect smaller
[Re[y, | for largely splitted mp and mp. In the
S1+(B,Y).g model, the Re[yR'”B(yL'“b) ] is bounded to
the range (~0.06,-0.02) at a 20 CL if 5% = 0.1.

Under the constraints from (g—2),, we propose new
LQ and VLQ search channels. In the scenario of
myq > mpg, there are new LQ decay channels: Rg/ 3~—> u B,
R > uty, and §; - pu*B,v, Y. For larger yp*® and
y;.w, it is important to take into account these decay
channels. In the scenario of myg <mp, there are new
VLQ decay channels: B— u R’ u*(S))* and
Y—>,u‘1~€;1/3, vi(§1)*. For s2=0.1, these channels are
negligible compared with the traditional B — bZ, bh and
Y — bW~ channels. For smaller s%, these new VLQ de-
cay channels can also become important.

Note added: In a prevoius study [64], the authors ex-
amined the model with R,, S5, and (B,Y) z. In this work,
they did not consider the bottom and B quark mixing, and
the chiral enhancements were produced through the R,
and S3 mixing. In [65], the authors explained the (g-2),
and B physics anomalies in the S + (B, Y), g model.

APPENDIX A: LQ DECAY WIDTH FORMULAE

When the Rz masses are degenerate, there are no
gauge boson decay channels such as 3> — R,'*W*. For
the Ré/ 3 to pb and p*B decay channels, the widths are
calculated as

mz m2+m2\?%  4m2m2
PRy = by =1 = (1— )
mg, m,
2
my, +m , b 4mymy , by«
x{<1_ )n RUBR(s)? 4 VR P ()] + L SICRR Re[yfnB(yRmby ]},
m <
R, mz,
- 5 m2+mi\2  dmim?
167 mf? mR
2 mj RouB2, b2 | | Roub2, b2 u"MB b RouB  Ropibys
X{(l— )[| *(c}) +yg P(sp)*1- R[yL g )]}~ (A1)
RZ R,
For the R;l/ 3 to u*Y,vib,vi B decay channels, the widths are calculated as
P m2+m2\>  Am2m? m +m?
F(R 1/3—>,u+Y)— ) 1— o : Y _ ;14 Y 1— . Y |RHB|2’
16 s, m mg
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PR, = vib) = T ( 2”) P (k)

PR = vp) = TR ( ) D" Plsi)” (A2)

Rz

Considering m,,,m; < mp and 6> » < 1, we have the following approximations:

) | RzﬂB|2
b

TR = by ~ TRy = vib) ~ | Ruib2, (A3)

TR - "By~ TR, - ' y) ~ %(
Rz

For the S to u*b,u*B,v, Y decay channels, the widths are calculated as

m2+m2\>  dm2m?
IS —u'h) = 167r <1_ l:nz b) - mlj‘ :
S, S,

S,

m/21+m2 B by2 1 Swbi2 b2y T b b SuB, 8 b s
X 1- ) [I¥z |(L) + |(R)]+ LCRRe[yR o) s

m2
g,

2 + ma 2 Am2m2
IS, - u*B) = (1— L B) - 25
1671' ms mg

B, b2 Swb2, py2q  AMump g, S\uB, S ub
S | (c1) +|yL‘“ [“(sp)"1— ) CLSRRC[)’RW (yLlﬂ Y1,
s. S,

2 2
IS, -vb)= 6ﬂ(1—m )|R"“-°‘|2 (A4)

1

Considering m,,m; < mg and H’L r < 1, we have the following approximations:

2N\ 2
(1_ mB) | 1,UB|2
16 m IR

TS| >u"B)~T(S| > vi¥)~ z
5,

IS —u'b)~ | VS HbR (AS)

APPENDIX B: VLQ DECAY WIDTH FORMULAE

If mp ~ TeV and 65 < 0.1, we have mp —my ~ mp(s%)?*/2 < 5 GeV, which leads to the kinematic prohibition of some
decay channels. For the ¥ — bW~ decay channel, the width is calculated as

(Y - bW™) =

2 2 2\ 2 2.2 2 212 2 (2 2 4
g ( mb+mw> 4mymyy, { b2 boay My —mp)” +my(my +my) — 2my, b b}
1- - . + -12 .
64rmy \/ m%, m‘f/ [(s2)7+ (5] m%v My HbSLSR
(BD)

For the B — bZ, bh, tW~ decay channels, the widths are calculated as
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2 2\ 2 2.2 2 2 2 2 2

mp my, +my, > 4mymy, K my, —m, ) my, +my ’"b} b\2, b2
I'(B— bh) =—— (1— - 1+ +4— ,
( ) 327 m3, mh ms, V2 V2 (sp)"(cR)

2 2 2N\ 2 2.2
+ 4

[(B — bZ) =g72 (l—mb ;ﬂz) B mb:”Z

32rcyymp mp my

b b2 (2 22 2 2 (2 o 2 4
b b2 (SRCR)”| (mp —my)” +mz(mg+my) —2my bbbb
{{(s )+ 2 i —6mpmypS] SRCICR (
7z

2
g2 (sh)? \/(1_m12+m%v> _4mt2m%4,(m%—m )? +m3, (m% +m?) — 2mW

I'B—->tW7)= B2
8- ) 64n m3, m mi,mg 52)
Considering my,, m;, mz, my < mp and GZZ,R < 1, we have the following approximations:
['(B— bZ) ~T(B — bh) ~ 1r(Y S bW )~ i (s2)?
- T2 T 3am2 R
2
— . MB - b2

(B W)~ 12 S ()" (B3)

In the R, + (B, Y). g model, the VLQ can also decay into the R, final state. For the ¥ — ,u‘Rgl/ 3 decay channel, the
width is calculated as

2 2

2+mi N2 4mim3 m2 —m3
Cs1/3, My m+my Mg, Mg, Ro B

52/3

For the B — u™R;'", VLR;” 3 decay channels, the widths are calculated as

2 272
~ 4mﬂmR2
4

mp

2

2 2
m? +mRz>
mpg

(B — Ry =2L (1—
(B—u ) on

2

m —m2
X{(”T)”Y&”B' (7 + AP+ T ¢ hRely ).
B B

mp m2 ? b2
F(B—>vLR21/3)—3T(l—m—) RHbR(sh)2. (B5)
B

Considering m,, << mp and 62 r < 1, we have the following approximations:
- 2\ 2
T(B - R ~T(Y - i R ~ —B(l ——R) yRHEP, (B6)
In the §1 +(B,Y).x model, the VLQ can also decay into the S| final state. For the ¥ — v;(S)* decay channel, the

width is calculated as

2

2

m

I = (S = §<1 mi) b P, (B7)
Y

For the B — u*(S1)* decay channel, the width is calculated as
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2 2 (2 2172

N mg mg +my ) 4mgms

[(B—u (S = (1— o :
( #G) 32n m3, m

m2

2
Mg\ s 5 4m S B, §
S S S b S, S\ uby
x {(1 - )nyR PP P s+ e skReDR 0L ") ]}.
B

(B8)

Considering m, < mg and 67 , < 1, we have the following approximations:

T(B— u*(S))~T(Y = v (§1)") ~

2
73(1 - E)
2r m%

2 ~
xR, (B9)
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