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Abstract: We explain the W-boson mass anomaly by introducing an SU(2);, scalar multiplet with general isospin
and hypercharge {in the case without its vacuum expectation value}. It is shown that the dominant contribution from
the scalar multiplet to the //-boson mass arises at the one-loop level, which can be expressed in terms of the elec-
troweak (EW) oblique parameters 7" and S at leading order. We first rederive the general formulae of 7 and S in-
duced by a scalar multiplet of EW charges, confirming the results in literature. We then study several specific ex-
amples of great phenomenological interest by applying these general expressions. As a result, it is found that the
model with a scalar multiplet in an SU(2), real representation with ¥ =0 cannot generate the required My correc-
tion because it leads to vanishing values of 7" and S. However, the cases with scalars in a complex representation un-
der SU(2);, with a general hypercharge can explain the My excess observed by CDF-II owing to nonzero 7 and S.
We further consider the strong constraints from the perturbativity and EW global fit of the precision data and vary
the isospin representation and hypercharge of the additional scalar multiplet to assess the extent of the model to solve
the W-boson mass anomaly. It turns out that these constraints play important roles in setting limits on the model
parameter space. We also briefly describe the collider signatures of the extra scalar multiplet, especially when it con-

tains long-lived, heavy, highly charged states.
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I. INTRODUCTION

The CDF-II Collaboration recently reported their new
measurement of the W-boson mass [1]:

Muycpp-nn = 80.4335+0.0094 GeV. (1)

However, the most recent prediction of My in the stand-
ard model (SM) is [2]

Mysm = 80.357£0.006 GeV. )

Thus, it is clear that the discrepancy between the latest
CDF-II value and SM calculation of My exceeds the 7o

confidence level (CL.). If this My anomaly is further
confirmed in the future, it would provide us with a novel
hint of new physics (NP) beyond the SM (BSM). In liter-
ature, there have been many BSM attempts [3—129] to ex-
plain the My discrepancy. Among various BSM scenari-
os, the extension of the SM Higgs sector by introducing
an additional S U(2), multiplet [3—43] is a promising dir-
ection. On the one hand, modification of the scalar sector
is intimately related to the true mechanism of elec-
troweak (EW) gauge symmetry breaking and the associ-
ated hierarchy problem, which might be probed by meas-
uring the EW oblique parameters [130—135] and trilinear
Higgs coupling [136—140]. On the other hand, the intro-
duced scalar multiplet may solve many puzzles in the
SM, such as the nature of dark matter (DM) [141-146],
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the generation of matter-anti-matter asymmetry in the
Universe [147—150], and the characteristics of the EW
phase transition and its associated stochastic gravitation-
al wave signals [151-168]. Therefore, unveiling the struc-
ture of the scalar sector may help deepen our understand-
ing of the overall picture of the SM and the physics bey-
ond it.

In light of the potential importance of the scalar mul-
tiplet extension of the SM, we focus on its solution for
the W-boson mass anomaly. Note that previous studies
have only concentrated on several specific models by in-
cluding a scalar singlet [3—6], the second Higgs doublet
[7-25], and a scalar triplet with Y =0 or 1 [26—42]. In
this study, instead of studying a particular model, we vary
the EW SU(2), isospin representation J and the hyper-
charge Y of the additional scalar in the absence of its va-
cuum expectation value (VEV) and observe their effects
on the interpretation of the CDF-II W-boson excess.
When the scalar multiplet does not carry any VEV", the
dominant contributions to the W-mass correction are
provided by those at the one-loop level, which can be rep-
resented as the linear combination of the EW oblique
parameters 7 and S [92, 94]. Thus, we first rederive the
analytic formulae for 7 and S from a general scalar mul-
tiplet, confirming the results on My in literature. We then
apply these simple expressions to several scenarios of
physical interest, such as a real or complex multiplet with
Y =0, cases with J=7Y, and the variation of Y with a
fixed J. In our phenomenological studies, we also con-
sider the constraints from EW global fits and perturbativ-
ity, which directly constrain the present scalar models.

The paper is organized as follows: In Sec. II, we be-
gin by setting the notation of a general SU(2). scalar
multiplet and its relevant terms in the Lagrangian inter-
acting with SM gauge and Higgs doublet bosons. We also
give the general formulae for its one-loop contribution to
the W-boson mass, which can be expressed as linear com-
binations of the oblique parameters 7 and S at leading or-
der. In Sec. III, we study several specific models of great
physical interest in the scalar-multiplet extensions of the
SM and explore their ability to explain the observed My
anomaly by varying the scalar SU(2); representations and
hypercharges, where we also consider the constraints
from the perturbativity and EW global fits. We conclude
in Sec. IV, where we briefly discuss the possible collider
signatures of additional scalars, especially when the di-
mension of the scalar multiplet is high. In addition, we in-
clude several appendices. In Appendix A, we give the rel-
evant part of the Lagrangian and associated Feynman
rules involving the scalar multiplet. In Appendix B, we
show that two particular terms in the scalar potential can
be represented as linear combinations of other existing

terms, resulting in them being ignored in the subsequent
discussion. In Appendix C, we define several functions
relating to the one-loop contributions of the scalar mul-
tiplet to the oblique parameters 7 and S. Finally, in Ap-
pendix D, we give the calculation details from when we
rederive the one-loop expressions of the 7 and S paramet-
ers from a scalar multiplet with general EW charges.

II. GENERAL DISCUSSIONS

A. Model

Generally, we label the scalar multiplet as ®,y, where
J denotes the weak isospin SU(2), representation, and Y
is the hypercharge, so that the dimension of the multiplet
is N=2J+1. We also label the components in the scalar
multiplet @,y as (D,Q:

Dy = ?? , 3)

where I=J,J-1,J-2,.....—J+1,—-J, and the electric
charge Q=1+7Y.

The EW covariant derivative after EW symmetry
breaking can be written as

Dy = O +i€QA, +i-2- (T3 - 0s})) Z, +ig (Wi T, + W, T_),
cw
“4)

where Tj (k=1,2,3) are the three generators of the
SU(Q2);, group, and the ladder operator 7. is given by
T, = (T, +iT>)/ V2. The eigenvalues of T3 can be labeled
using / as in Eq. (3). The actions of 73 and T on @,y are
given by

T30,y =T;3 ¢IQ = I@IQ , %)

T,y =T, ¢ |=| wNo2, |, (6)

1) The models by introducing a scalar multiplet with its VEV have already been studied in e.g., Refs. [39, 41, 92].
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T,(D‘/y =T_ @IQ = N[+1¢1Q+1 > (7)

where N;= (J+D(J-1+1)/2, and we only show the
element with the quantum number of 75 equal to 7 in the
multiplet. Then, D*®,y can be written as

DD,y =0 02 +ieQA, DL +i-5- (1- 0s3)) 2,82
cw

+igWiN DL | +igW Ny Y, . (8)

The gauge interaction terms stemming from the kinetic
term (D,® JY)TD‘U(D sy are shown explicitly in Appendix
A.

In this type of model, the potential constructed by the
Higgs doublet H and scalar multiplet @,y is given by

V(H,®)y) =— 3 H H+ Ay (H H) +113, &5,y
+1 (@,000) 4 22 (05, T, )
+13 (0fy @ ,Y) "H)
+ 44 (@), T4, D) (H'THH)
(

+ s @}YTQ,”T@W@Y) . )

Here, we only list the most general interaction terms for
any scalar multiplet ®;y. Note that the potential in Eq. (9)
respects Z, symmetry. When the dimension of the scalar
multiplet is sufficiently high, there are no other terms at
the renormalizable level; hence, this Z, symmetry be-
comes an accidental one at low energies. If the electric-
ally neutral component is the lightest in the multiplet, it
may provide us with a viable DM candidate that cannot
decay owing to protection by this Z, symmetry. Such a
scenario is known as minimal DM [141]. However, for
certain specific SU(2)., x U(1)y representations with low
dimensions, there can be additional Z,-symmetry break-
ing terms. For example, in the Type-lI seesaw model
[169—174], a weak-isospin triplet with Y =1, ®;;, can
give rise to the Z,-odd interaction as H'®; H+h.c.,
where H =io»H*, with H* denoting the complex conjug-
ate of the Higgs doublet H. Nevertheless, such Z,-odd
terms are not relevant to our study on the one-loop cor-
rections to the W-boson mass; therefore, we ignore them
in the following. In addition, we can also write two other

operators for any scalar multiplet:
+ t |
Og¢+ 07 = Ag (H (D]Y) (q)JyH>+/l7‘H(I)JY} . (10)

However, as shown in Appendix B, they are not inde-
pendent because they can be represented as linear com-
binations of terms proportional to A3 and A4. Thus,
neither of them can induce NP effects, as discussed later
on.

B. Oblique parameters and the W-Boson mass

NP effects in the EW sector are usually imprinted by
three oblique parameters, 7, S, and U [130, 131]. In par-
ticular, the one-loop correction to the #-boson mass can
be expressed as follows [130, 132, 133]:

MW=MWSM<1 i(c %(V_S)W) (S —2cT) + éivf)U ,

(11)

where a =e?/(4n) = g>s%,/(4n) is the fine-structure con-
stant, sy =sinfy, and cy = cosfy, with 0y denoting the
Weinberg angle. Here, the oblique garameters T, S,and U
at the one-loop level are defined as

_4S%VC%V|: ’ C%V_S%V ’ ’ :|
S = Ay O~ T2 0)- AL, 0]
1 [A 0
TE—2 { w ( )—Azz(o)}
amz ciy
_4S%V ’ CW ’
U= | Ay (0= A, (0)-A7, (0)] =S (12)

where the functions A\),(¢%) can be defined in terms of
the vacuum polarization tensors for the EW gauge bo-
sons V) as follows:

Iy (@) = & Avy (¢°) + 44" Ay (4) (13)

where ¢ is the four-momentum of the corresponding vec-
tor bosons. However, as shown in Ref. [92], T and S are
induced by dimension-6 operators, whereas U is induced
by a dimension-8 operator so that it is significantly sup-
pressed. Therefore, the dominant one-loop contribution to
the W-boson mass is expected to be given by 7 and S for
an NP model extended by a scalar multiplet, whereas the
effect from U can be ignored. We explicitly check that
when the added scalar masses are all larger than 300 GeV

1) Throughout this paper, we use the definition of the oblique parameters 7, S and U as in Ref. [92]. However, according to Refs. [41, 134, 175], there are extra con-
tributions to the oblique parameters S and U, which arises due to the nonzero Z-boson mass myz. Note that these extra S and U corrections would be suppressed by

mZ/ m? Q when the added scalar masses 0 are large. For example, when all scalars are heavier than 300 GeV, the differences of S and U caused by these corrections

are very'small and can be safely ignored.
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and their multiplet dimension is confined to be smaller
than 10, the contribution of U to the W mass is always
smaller than the leading ones from 7 and/or S by at least
one order of magnitude, which confirms the above ex-
pectation. We return to this issue in the final section.

In the present model, the scalar multiplet would in-
duce additional contributions to the W-boson mass by
correcting the parameters 7 and S. As mentioned above,
the associated corrections to these oblique parameters can
be obtained by calculating the relevant Feynman dia-
grams shown in Figs. 1 and 2 for various vacuum polariz-
ation tensors of EW gauge bosons. As a result, the contri-
bution of the scalar multiplet @,y to T is given by

To, 47l's2mwlz: +1F (m‘pg’még ) ’ (14)

where the function F(A, B) is defined in Eq. (37) in Ap-
pendix C, while the correction of @,y to S is provided as
follows:

Q
P,

/\/\/\/\/\/ /\/\/\/\/\/
W“ \«/ WV

(pH-l

(b1)
Fig. 1.

J
Y 2
So, = ~an ,_E J”nmd’,"' (15)

In this study, we rederive the above scalar contributions
to 7 and S independently with the details given in Ap-
pendix D, for which we use the Feynman integrals and
functions listed in Appendix C. The final expressions
confirm the results in literature [134, 175, 176].

According to Egs. (14) and (15), mass differences
among components in the additional scalar multiplet ©,y
are necessary to generate nonzero contributions to the ob-
lique parameters 7" and S, which is required to explain the
W-mass anomaly. Note that mass splitting can only be
generated in the scalar potential of Eq. (9) via the follow-
ing term:

04 = A4 (057§ @) (H'THH) | (16)

Consequently, we focus on this term in our discussions
on specific models. Furthermore, note that Oy is also con-
strained by perturbativity via |14] < 47 as a dimensionless
coupling [177]. In the following discussion, we take

- > {

/ \

\ /

\ /
\ /

NNNNANXNANN NS
¥ Zv

(az)

Q
@,

/\/\/\/\/\/\ {\/\/\/\/\/
A A

Q

¢I

(b2)

One-loop Feynman diagrams for the WW and ZZ vacuum polarization tensors, which can give the leading-order contribution

to the 7 parameter. Diagrams (a; ) involve only one internal scalar line, whereas the loops in diagrams (b;,) are enclosed by two scal-

ar lines.

063103-4



W-boson mass anomaly from a general SU(2); scalar multiplet

Chin. Phys. C 47, 063103 (2023)

Q
)
AW
ZIJ. \«Q/ ZV Au \
P

Q Q
% %
o AN )
«Q/ AY VAN «Q/ AY
(DI (pl

Fig.2. One-loop Feynman diagrams for the ZZ, AA, and ZA vacuum polarization tensors that contribute to the S parameter.

|24] < 10 as the perturbative limit.

II1. SPECIFIC EXAMPLES

With the general expression of the one-loop correc-
tion to the WW-boson mass in Eq. (11) and the associated
formulae for the oblique parameters 7 and S in Egs. (14)
and (15), we study several specific models of phenomen-
ological interest, which are classified by the SU(2), rep-
resentations J and hypercharges Y of the introduced scal-
ar (D_]y .

A. Real multiplet with Y =0

First, we consider the scalar multiplet to be in a real
representation under the weak isospin SU(2), group with
Y =0. According to the definition, a real SU(2), mul-
tiplet is related to its complex conjugate as follows:

abc.m
= (Dabc...m s

(17)

€mm’ ---€cc’ €bb’ €ad ((D* )

where the Latin indices with the values of 0 or 1 denote
those under the SU(2), fundamental representation and

We can also write the multiplet in terms of its compon-
ents as

0
1

-1

0 (18)

(19)

Thus, the transformation in Eq. (17) can be expressed
by

(22) =22, (20)

After EW symmetry breaking, the SM Higgs doublet
obtains its VEV and can be written in the unitary gauge
as

0
v+h

V2

H

(21)
Then, we have

04 =24 (0}, T4 ) (H'THH)
=4 (®)y T, sy ) (H' Ty H)

+ 44 (®)y To, sy ) (H'TjH)

+ 44 (®)y T3, gy ) (H' T3 H)

J
:_%(hw)?Zch,Q(@,Q)*
I=—J

J
3-%#21@?(@?)*, (22)
I1=—J

where the term on the right-hand side of the last relation
gives rise to mass splitting among the scalar components
from O4. However, according to Eq. (20), we have

of (of) = 0% (2%, (23)
which leads to the following relations:
_%vz 102 (00)" - 109 (¢9) ] =0, I>0, o
—%vzqu?(@?)*zo, 1=0.

According to Eq. (24), for any integer J, all the mass
terms for 7 # 0 are canceled out while the 7 = 0 mass term
vanishes. Consequently, the O4 term does not contribute
to the mass splittings among scalars in the real multiplet.
In light of Egs. (14) and (15), this model with a real mul-
tiplet cannot account for the W-boson mass anomaly at
the one-loop level owing to the vanishing values of 7 and
S.

Note that the case with a real scalar multiplet without
its VEV is usually regarded as a natural DM candidate
[141, 142] because the neutral component can be the
lightest owing to the one-loop mass corrections. The res-
ult shows that minimal scalar DM cannot provide us with
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a viable solution to the /#-mass anomaly.

B. Complex multiplet with Y =0
For a complex multiplet, Eq. (22) shows that each
component in the scalar multiplet can obtain the follow-
ing mass correction from Oy

J
A o 0 (52)*
-3V > 1ol (af) . (25)
I=—J
Because @,y is complex, we have
(07) # 2%, (26)
s
8 IA4l=10
E
=
200
500 1000 1500 2000 2500 3000
M; [GeV]
J=2,Y=0
450
IA4l=10

400

[ |AM2| [GeV]

2500

1500 2000

M, [GeV]

500 1000

3000

so that 04 will induce an equal mass splitting between the
adjacent components of ®,;y. Consequently, a complex
scalar multiplet will make a contribution to the W-boson
mass.

In light of Eq. (15), the scalar multiplet @,y does not
contribute to S in the case of ¥ =0. Thus, the W-boson
mass is expressed only by 7T as

a(M3)cyy )
My =M 1+ —5=—=<T]. 27
v (10533255 7

Figure 3 illustrates the parameter spaces in the cases
with Y=0 and J= 1/2, 1, 2, 3. The horizontal axis

J=1,Y=0

/ |AM2| [GeV]

100

500 1000 1500 2000 2500 3000

M, [GeV]
J=3, Y=0
450
400 1A4l=10
350
g 300
E 250
=
200
150
100
500 1000 1500 2000 2500 3000
M, [GeV]

Fig. 3. (color online) Parameter spaces in the M- /|AM?2| plane for models with complex scalar multiplets with Y =0 and J = 1/2, 1,
2, 3. The horizontal axis represents the mass of the lightest particle in the multiplet () {in the range from 300 GeV to 3000 GeV},
and the vertical axis represents the mass difference between adjacent components. The yellow part is the parameter space allowed by
electroweak global fit for 7 in the 20 C.L. range when S = U =0, which is obtained from the electroweak global fit in Ref. [41]. The
solid blue area is the parameter space that can explain the W mass measured by CDF-1I in the 20~ C.L. range, and the yellow shadow
area is the parameter space meeting the requirements. The red solid line is the corresponding mass difference with |A4] = 10, and the area

below the red line is consistent with perturbativity.
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labeled as M represents the mass of the lightest particle
in the multiplet in the range from 300 GeV to 3000 GeV,
and the vertical axis denotes the mass difference between
adjacent components. In each plot, the yellow shaded
area shows the parameter space allowed by the EW glob-
al fit for 7"in the 20- C.L. range when S = U =0, which is
obtained from Ref. [41], while the solid blue region cor-
responds to the 20~ range of the W-boson mass measured
by CDF-II. The red line represents the perturbative upper
limit of |44] < 10, which can be directly related to the
mass splittings of the scalar multiplet according to Eq.
(25). As a result, there is always an overlap of the yellow
and blue regions, meaning that most parameters explain-
ing the My anomaly are consistent with the EW preci-
sion tests in models with a scalar multiplet of ¥ =0, no
matter the value of J. However, the required mass differ-
ence inside the mutiplet decreases with the increase in J,
and hence, the perturbative limit becomes looser. In par-
ticular, the perturbativity imposes strong constraints on
the lightest scalar mass, making it smaller than
~ 900 (1800) GeV when the weak isospin is chosen to be
J=1/2(1). We can also plot the parameter spaces in the
M, -J plane, as shown in Fig. 4. With the same mass dif-
ference, the lightest mass M, in the scalar multiplet is
positively correlated with its value of J. Moreover, with

[ |aM?| =125GeV, Y=0

3 @EITE
25 =
2 ED
-
1.5
1
0.5
500 1000 1500 2000 2500 3000
M, [GeV]
| | aM?| =275Gev, Y=0
3 —T TS
2 GEETETTEYIED
.
1.5 -
1 -
0.5F
500 1000 1500 2000 2500 3000 3500 4000
M, [GeV]

Fig. 4.

(color online) Parameter spaces in the M, -J plane for models with scalar multiplets of ¥ =0 and

the increase in the mass splitting VAMZ2, the scalar mass
tends to be larger with a fixed J. In summary, according
to Figs. 3 and 4, there are sufficient parameter spaces for
a model with an extra complex scalar multiplet of ¥ =0
to explain the W-boson mass excess without disturbing
the relevant experimental and theoretical bounds.

C. Complex multiplet with ¥ =J

In this subsection, we pay attention to the models in
which a complex scalar multiplet with Y =J (J > 1/2) is
included in the particle spectrum. In such models, mass
differences among scalars also arise from the operator
Oy, as in Eq. (25). Depending on the sign of A4, the mod-
els can be divided into two types:

Type A: If A4>0, the lightest particle is the most
charged in the multiplet with M, = M-, where M, de-
notes the mass of the lightest scalar in ®,y, and M is the
mass of the most electrically charged particle. By taking
the case with J =Y =2 as an example, the mass ordering
is Mgy > Mg > Mo+ > M+ > Mo+ = Mc, where we de-
note the corresponding components by their electric
charges.

Type B: If 14 <0, the lightest scalar is the electrically
neutral one in the multiplet with M, = M,, where M, de-
notes the mass of the neutral component. In this case, by

[ | aM? | =200GeV, Y=0

500 1000 1500

M, [GeV]

[ |sM?| =350GeV, Y =0

2000 2500 3000

05} «

1000 2000 3000

M, [GeV]

4000 5000 6000

|AM?2| =125, 200, 275, and

350 GeV for 44 =1, 2.6, 5, and 8, respectively. The color codings are the same as in Fig. 3, where all the plots satisfy the pertubative

limit as shown by the values of 4.
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setting J =Y =2, the component masses are ordered as
Mg > Mo > Mg > Mg > Mgo = M.  With  mass
splittings among the scalars in the multiplet, Eq. (11)
shows that the model can potentially explain the W-mass
anomaly with nonzero corrections to the parameters T
and S while fixing U = 0.

Figures 5 and 6 show the parameter spaces in the
My - VAm? plane for the Type-A and Type-B models by
setting Y =J=1/2, 1, 2, and 3. The color codings are the
same as those in Fig. 3, except the 20~ CL constraints on
the oblique parameters T and S in this case are obtained
using the EW global fits illustrated as the red ellipsis in
Fig. 1 of Ref. [92]. It turns out that for all Type-A mod-
els of physical interest, there are always ample available
parameter spaces to solve the CDF-II My anomaly while
being allowed by the EW global fits and perturbativity.
Moreover, for J =Y =1/2 (1), the validity of the perturb-

J=1/2, Y=1/2, M_ = Mg

1A4]=10

[ |AM2| [GeV]

200

1500 2500 3000
M, [GeV]

J=2, Y=2, M, = M¢c

500 1000 2000

450

400 1A41=10

1500
M, [GeV]

500 1000 2000 2500

3000

ative calculations limits the mass of the lightest scalar
component as My <900 (s 1500) GeV, whereas when
J =Y >2, the perturbativity does not provide any useful
constraints owing to the decrease in the required mass
differences. However, as shown in Fig. 6, the situation
changes greatly for Type-B models. In this case, the
CDF-II regions used to explain the My excess are en-
tirely excluded by the global fits of various EW precision
observables for all models with J =Y >2. For the scalar
triplet with J =Y = 1, compared with its Type-A counter-
part, the low-mass region with My <700 GeV and the
high-mass region with M > 1800 GeV are disfavored by
the EW global fits and perturbativity, respectively. Fi-
nally, constrained by the perturbativity upper bound on
A4, the model with an EW doublet of J =Y = 1/2 now ad-
mits the parameter space with M, <900 GeV to account
for the My signal observed by CDF-IL

J=1,Y=1, M, = M

[ |AM2| [GeV]

500 1000 1500 2000 2500 3000

M, [GeV]
J=3, Y=3 M = M¢

450

400 1A4/=10

350

[ |AM2| [GeV]

2000

2500

1000 1500 3000

M, [GeV]

500

Fig. 5. (color online) Parameter spaces in the M, — /|AM?| plane for Type-A models with scalar multiplets of Y =7=1/2, 1, 2, and
3. In this type of model, the lightest scalar is the most charged, that is, M, = Mc. The color codings are the same as in Fig. 3, except that
the yellow area in each plot is obtained via the EW global fits of 7 and S, as illustrated by the red ellipsis in Fig. 1 of Ref. [92].
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J=1/2, Y=1/2, M, = My

1A4]=10

[ |AM2| [GeV]

200

1500 2500 3000
M, [GeV]

J=2,Y=2 M =My

500 1000 2000

450

400 4l=10

350

300

250

/ |AM2| [GeV]

200

150

1500 3000

M, [GeV]

500 1000 2000 2500

Fig. 6.

D. Effects of varying Y

In light of Secs. III B and III C, we find that the value
of Y might have a significant influence on the scalar mul-
tiplet explanation of the CDF-II My anomaly. For the
sake of comprehensiveness, we now investigate the ef-
fects of varying Y on the allowed parameter space. To be
concrete, we consider the model that includes an extra
scalar multiplet with J =2, 44 >0 and Y =+1/2, +1, +2,
and +5. As shown below, with 14 >0, the phenomeno-
logy of models with positive Y is different from that with
negative Y; hence, we show these two cases separately in
Figs. 7 and 8, respectively. The color codings in these
two plots are the same as in Fig. 3.

From Fig. 7, we find that the mass splitting between
two neighboring components required to solve the W-
mass anomaly increases gradually with increasing Y in all
ranges of M. Moreover, in all cases, most parameter
spaces explaining the My excess can be accommodated

J=1,Y=1, M =My

600

500

|A4]=10

400

[ |AM2| [GeV]

300

200

500 1000 1500 2000 2500 3000

M, [GeV]
J=3,Y=3 M. =My

450

400 A4l=10

350

/ |AM2| [GeV]

250

200

150

500 1000 1500 2000 2500 3000

M, [GeV]

(color online) Legend is the same as in Fig. 5 but for Type-B models.

by the EW global fits, except the low-mass regions with
M; <300 (800) GeV for benchmarks with Y =2 (5). Fur-
thermore, the upper limit from the perturbativity of A4
only gives a relevant constraint on parameter regions with
large values of M;. In particular, the perturbative limit
rules out the portion with M > 2900 (2500) GeV for the
multiplet with ¥ =2 (5).

In contrast, as shown in Fig. 8, the parameter spaces
allowed by all experimental data are greatly reduced
when Y becomes more negative, especially for low M
regions. Furthermore, all blue bands in the cases of
Y < -2, which explain the CDF-II measured values of
My, are now entirely excluded by the EW precision data.
From our working experience, the experimental limit of
the oblique parameter S gives the dominant constraint to
models with negative Y. We can understand this result by
inspecting the expression of S in the limit of small mass
splittings from Oy as follows:
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Fig. 7.
5.

Y
§ == 3 (2In Mg, +InMj, ~InMg, ~2InMj )

Y

M3 — A2 M3 — 0?2
2in [ =2 2 )y | 2222 /
b M@,z Mcli.

~/14Y 212 N V2
T3 \M3 oM, )7

(28)

where the subscript / of the scalar ®; denotes the third
isospin value of the component whose electric charge can
be obtained by Q =7+7Y. The last relation is the approx-
imation when |4v?| < Mg, for any I. It is shown from Eq.
(28) that for 14 > 0, a negative value of Y leads to S <0.
According to the EW global fit shown by the red circle in
Fig. 1 in Ref. [92], the current EW precision data togeth-
er with the new CDF-II measurement of My constrained
—0.04 < S <0.36 at the 20 CL. This means that a mul-
tiplet scalar with ¥ <0 would suffer from a significantly
stronger constraint of S than that with ¥ > 0, which ex-

J=2, Y=1

450

400 1A41=10

500 1000 1500 2000 2500 3000
M, [GeV]
J=2,Y=5

450

150

500 1000 1500 2000 2500 3000
M, [GeV]

(color online) Legend is the same as in Fig. 5 but for models with an additional scalar multiplet of /=2 and ¥ =1/2, 1, 2, and

plains the differences shown in Figs. 7 and 8.

Finally, we conclude this section by mentioning that
the EW global fit constraints we apply here from Refs.
[41,92] already included the latest CDF-II #/-mass meas-
urement in their calculations of the allowed 20 fit re-
gions; therefore, the presentations of the CDF-II /-mass
20 CL range in Figs. 3—8 do not, in principle, provide any
independent information. However, we still regard it
valuable to show the CDF-II W-mass-only bands because
they illustrate the degree of difficulty in making this new
W-mass measurement compatible with other EW global
fit variables within the present models with extended
scalar sectors. This is clearly observed, in particular, in
Figs. 6 and 8, in which there are CDF-II preferred re-
gions not allowed by the global fit data. Therefore, we
keep the CDF-II signal region in all plots in this section.

IV. CONCLUSIONS AND DISCUSSIONS

In light of the recent measurement of the W-boson
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Fig. 8.
and -5.

mass by the CDF-II Collaboration, we comprehensively
explain this My anomaly in terms of the one-loop effects
of a general SU(2), scalar multiplet. As shown in literat-
ure, in the case without scalar VEVs, the dominant contri-
bution to My can be expressed at leading order as the lin-
ear combination of the oblique parameters 7 and S, which
is constrained by the global fits of various EW precision
observables. Moreover, the operator O4 gives rise to the
main contribution to the mass splittings among compon-
ents in the multiplet, which is needed to generate nonzero
corrections to 7 and S. Thus, its coefficient 4, would be
limited by the perturbativity. In this study, we rederive
the general formulae for the one-loop contributions to T
and S from a scalar multiplet, confirming the results in lit-
erature. We apply these analytic expressions to several
models to explore the effects of the multiplet isospin rep-
resentations and hypercharges on the viability of explain-
ing the CDF-II My anomaly. As a result, for a scalar un-
der the SU(2), real representation with ¥ =0, the model

J=2, Y=-1

450

400 1A4]=10

[ |AM2| [GeV]

500 1000 1500 2000 2500 3000

M, [GeV]
J=2, Y=-5
450
400 |A41=10
350
S
[0}
a
— 300
—
=
3
L;;zm
200
150
500 1000 1500 2000 2500 3000
M. [GeV]

(color online) Legend is the same as in Fig. 5 but for models with an additional scalar multiplet of /=2 and Y =-1/2, -1, -2,

cannot explain the My excess at the one-loop level be-
cause the mass splitting between adjacent scalar compon-
ents vanishes. In contrast, the mass differences would be
induced by O, for a general complex representation, and
hence, such models would potentially solve the My dis-
crepancy between SM calculations and CDF-II values.
Concretely, for the mutliplets with Y =0, the My excess
can be explained solely by the corrections of 7" due to
S =0. All models with J=1/2, 1, 2, and 3 are shown to
have sufficient parameter spaces to meet the CDF-II res-
ult and EW global fits. For the cases with Y = J, the phe-
nomenology can be divided into two classes depending
on the sign of A4. If A4 >0, the models are labeled as
Type-A, in which the lightest scalar is the most charged.
It turns out that there are always parameter spaces that
can accommodate the CDF-II My, value while still agree-
ing with the EW global fits and perturbativity limit. Con-
versely, for the Type-B models with A4 <0, the lightest
particle is the electrically neutral scalar. The parameter
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region simultaneously allowed by the CDF-II and EW
precision test data shrinks greatly with increasing J =Y.
In particular, when J =Y > 2, all regions with the lightest
scalar mass below 3000 GeV are ruled out by the EW
precision tests. In addition, we investigate the effects of
the hypercharge Y on the scalar multiplet solution to the
My anomaly. We fix J=2 and take 14 >0. When Y is
positive, the parameter spaces always exist for the inter-
pretation of the My excess while allowed by other con-
straints. However, for Y <0, only the cases with
—1 <Y <0 allow parameter spaces for a viable explana-
tion of the W-boson mass anomaly, whereas for ¥ < -2,
all CDF-II favored regions are excluded by the constraint
on the oblique parameter S.

It was argued in Ref. [134] that when the multiplet
scalar masses are light or the multiplet representation J is
high, the oblique parameter U offers a sizable contribu-
tion to the W-boson mass. Concretely, for the high-mul-
tiplet cases with J =2 and J =3, we find that when the
scalar particles are sufficiently light, for example, if the
mass of the lightest particle is only M, =200 GeV, U will
give a W mass correction as large as 10%—15% of that of
T or S. Therefore, even though 7" and S still dominate over
the My correction, the effect of U cannot be ignored.
However, when M, increases to above 500 GeV, the ef-
fect of U on My is significantly suppressed and only con-
tributes to 1% of My corrections compared with the
dominant 7 parameter. This result can be understood
from the EFT perspective. The 7 and S parameters origin-
ate from dimension-6 operators, whereas U is from a di-
mension-8 operator. Only when we take a low cutoff
scale, which can be identified as the lightest scalar mass,
A~Mp~ 200 GeV, the suppression from the energy
cutoff is not significant, and there is an observable effect
from U. Moreover, the effect of U is sensitive to the
isospin representation J. We find that when J takes an ex-
traordinary value of J =8 for M; =300 GeV, the contri-

q y ¢+/¢++/¢+++/¢++++
wt ,
q N0/ /d b
(a)
q

bution of U to My can be comparable to or even larger
than that of 7. Nevertheless, in the present study, the
mass of the multiplet scalar is large and J <3 is relat-
ively small; hence, the contribution of U is always sup-
pressed compared with those of 7"and S.

Finally, we comment on the possible collider signa-
tures for such scalar multiplet extensions of the SM. In
particular, note that for a high-dimensional representa-
tion, the multiplet contains highly electrically charged
states in the spectrum, which would give us spectacular
collider signals at the LHC. We take an example with an
extra scalar multiplet of J =Y =2, in which the electric
charges of scalars can be as high as +4. Moreover, we fo-
cus on the case in which the mass of the lightest scalar is
smaller than 1 TeV, so that it could be produced directly
at the high-luminosity run of the LHC. As studied in Sec.
II.C, the Type-B case, in which the lightest scalar is
neutral, has been ruled out under the scrutiny of the EW
precision tests. Thus, in what follows, we concentrate on
Type-A models, in which the lightest state is the most
charged, whose electric charge is +4. In Fig. 9, we show
that heavy scalars can be produced dominantly through
Drell-Yan processes [178—180] via the mediation of EW
gauge bosons, such as W, Z, and photons. To study the
LHC signatures of the generated multi-charged scalars,
we need to specify their decay products. Note that in the
Lagrangian in Eq. (9), there is accidental Z, symmetry
imposed on the high-dimensional scalar multiplet ®;y,
which causes the lightest particle to be stable against de-
caying. In the Type-A multiplet with J =Y =2, the light-
est scalar should be ®**** If this state were stable, it
would become a charged DM candidate, which is not al-
lowed by current cosmological and astronomical observa-
tions. Therefore, we are required to break this problemat-
ic Z, symmetry. There are two ways to achieve this. First,
7, symmetry can be broken spontaneously by allowing
the neutral component to possess a small VEV vg. Even

q 7 ¢+/d’++/¢+++/d)++++

q OO~ Jp="" Jp—"

. @O

\\ d)()*

Fig. 9. Dominant production channels for new scalar particles in the multiplet in the Type-A models with J =Y =2.
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though ve would also give rise to new contributions to
the WW-boson mass at the tree level, the one-loop effects
due to the modifications of 7 and S would still dominate
over the My corrections as long as vep < 1 GeV, which is
the region of an extra EW scalar VEV allowed by the EW
global fits. As a result, the heavier states in the multiplet
would first decay into the lightest one ®**** via hier-
archical cascades. In plot (a) of Fig. 10, we take, as an
example, the cascade decay chain of the heaviest scalar
®° by emitting multiple W-bosons. With the VEV vg, the
most charged scalar, which is also the lightest, would fur-
ther decay into four W-bosons, as illustrated in plots (b)
and (c¢) of Fig. 10. The other way to violate Z, symmetry
is to add high-dimensional operators, such as the dimen-
sion-5 operator @ ,.q(H*)*(H*)"(H*)*(H*)? or the dimen-
sion-7 operator ®gpeq (L€)° (I:)b(ic)c(i)d, where the
capital letter C denotes the charge conjugation, whereas
the lowercase Latin letters represent the fundamental
SU(2), indices. As illustrated in plots (b) and (c) of Fig.
11, the above two operators would cause the lightest
charged scalar ®**** to decay into the final states with
4W +4¢ or 4W +4h, in which ¢ and % denote the SM
leptons and Higgs scalar, respectively. However, no mat-

ter which mechanism breaks the Z, symmetry, the de-
cays of ®**** would be greatly suppressed by either the
small scalar VEV vg or the high multiplicity of the pro-
duced particles in the final states. Hence, a simple estima-
tion shows that the lifetime of a four-charged scalar of
O(TeV) should be of the order of several seconds. This
means that this particle should be effectively stable at the
LHC and only behave as a highly-charged state leaving
tracks in the detectors [181-183] (also see, for example,
Ref. [184] for a theoretical review as well as references
therein). Because detailed discussions on the LHC signa-
tures of the high-dimensional scalar multiplet are beyond
the scope of this study, we leave them to future studies.

APPENDIX A: LAGRANGIAN AND FEYNMAN
RULES FOR EW GAUGE COUPLINGS

In this appendix, we explicitly write the EW gauge
couplings of a general scalar multiplet in the Lagrangian,
which are useful in our calculation of the EW oblique
parameters 7 and S. First, the weak neutral current part
can be written as

J J
L= Y0, (o) #0031 1052 [0, (o) of -7 (of)
I=-J

I1=—J
.—]_ 02
w+

450 ﬁ) WT»
and the weak-—---"""----- .

where the cor
1S written as

We can deriv
are shown in

w* (Al)
@0 ﬁ w*
¢; \jr\ w*
¢i; ‘ﬁf
%Wt
(A2)
(b)
with photons
wt
wt
(A3)
9 wi
¢i;_: ﬁ int 4
N 011t vertices
M\/\/\ﬁwi

Fig. 10. Decay chains of the scalar particles when the scalar multiplet has a VEV in the Type-A model with /=Y =2.
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(a)

(b)
Fig. 11.

terms given in Eq. (10) can be written as linear combina-
tions of other terms already existing in Eq. (9). We begin
our discussion by expanding the operator Og in terms of
scalar components in one multiplet as in Eq. (19):

O6 =6 (H'®,y) (®)yH) = A6 Z h

-aézc;,m (o

(v+h)?

=Ag
I=—J

J
1685 0 (09) -
J

I=—

where (H*)' = H, =0 and (H")" = Hy = (v+h)/ V2 in the
unitary gauge. Moreover, we use another notation to rep-
resent the components in a multiplet,

1

(¢1)abc.4.m = ¢1Q 5 (Bz)

)" @+ (H) (@],

}:CZS%@mwﬂx¢nwmm:%

/16 (v+h)

wt
w*
pEEEE Jﬁ w*
¢ii:\ w*
¢0\‘ L l *

Decay chains of the scalar particles when the high-dimensional operators are introduced in the Type-A model with /=Y =2.

APPENDIX B: POSSIBLE POTENTIAL TERMS:
O¢ AND 0,

In this appendix, we show that the possible potential

(Ql)abc m] [(457)@0"."1[_1‘1}

m [(QBT)OHO + (@;)1 Hl}b“'"’”

w+h? €301 o (02)’
2 Cg;[ 1 I

S r0f (0f)

(BD)

[
in which the lowercase Latin indices are those for the
fundamental SU(2),, representation,and C} = J!/[1!(J — I)!]
is the combinatorial number. According to Eq. (B1), the
potential term Og can be regarded as a linear combina-
tion of terms proportional to A3 and A4. Therefore, O is
not an independent operator. Similarly, we can prove that
the term O; does not represent a new interaction term
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either.

APPENDIX C: FEYNMAN INTEGRALS AND
FUNCTIONS

When computing the oblique parameters 7 and S from
scalar components, we encounter the below loop integ-

Q
ky .~ (pl
’\/\/\/\/\/\/<\
N
kz ~ Q
S
Q
ky 7 D1
Wy #
f\/\/\/\/\/\/<\
\
kz ~ Q
N d)l
Q
ky .~ CDI
AL #
f\/\/\/\/\/\/<\
N
kz N Q
N qZ)I
Q
ke .~ d)l
AM ~
’\/\/\/\/\/\K\
\
kz N Q
N (pI

rals. Because all these integrals are UV divergent, we ap-
ply dimensional regularization to obtain analytic expres-
sions. For diagrams (a; ) of Fig. 1, in which only one in-
ternal scalar propagator is involved, we must compute the

loop integral [175] as follows:

—igN;y1(ky + kp)¥

—igN; 1 (ky + kp)*

_ig = Qsw?)

(ky + k)"

—ieQ(ky + k)M

Fig. Al. Three-point EW gauge couplings for components in a multiplet.
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N N Q
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Fig. A2.

%k g igh

4-d .

= A(div—1nA), Cl
Qnf k2 -A+ie 1672 (div=In4) €D

in which div represents the UV divergent part given by
div= > —y+1+In (4mp?) (C2)
T 4-d ’

where y is Euler's constant, d is the spacetime dimen-
sions, and u is the sliding mass scale. However, diagrams
(b12) in Fig. 1 can also give rise to contributions to the 7’
parameter, in which the internal momentum integrals can
be regularized as

ag [ d% /‘ 4K
H d X 2
(2m)° Jo [kz—Ax—B(l—x)+1s}
_ig"
" 1672

[A(div—=InA)+B(div-InB)+ F(A,B)], (C3)

where x is the Feynman parameter, 4 and B denote the
squared masses of the scalars in the loop, and the func-
tion F(A,B) is defined by

A+B AB | A
i P
2 A-B B’

A+B,
F(A,B) = (C4)

0, A=B.

Moreover, to obtain the corrections to the oblique
parameter S, we calculate the following integral for the
Feynman diagrams in Fig. 2 [135]:

ig (N + Nfs1) 9y

2921 — Qsy°)?
2 Iuv

Cw

Four-point EW gauge couplings for components in a multiplet.

Voo |4, d% K
dx—=q —p a 12
o 0q|d 2 [k2 - D(q,A, B, x) +ie]

K(A,B) . InA +lnB}
4872 9672 ’

q=0

=i {div* +
(C3)

where

D(q,A,B,x) = ¢°x(x— 1)+ Ax+ B(1 - x), (C6)

with g representing the external four-momentum of gauge
bosons,

K(A,B) =
5 24B A*+B’-3AB(A+B) A
—+ 2+ 3 11’1*, A;tB,
6 (A-B) 2(A-B) B
0, A =B,
(&)}
and
div*z_—l ——y+ln(47r,u2) (C8)
4872 l4-d '

APPENDIX D: CALCULATION DETAILS FOR
THE SCALAR MULTIPLET CONTRIBUTIONS
TO TAND §

In this appendix, we rederive the analytic expressions
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for the one-loop contributions to the oblique parameters 77 where Ayy.(g) is defined in terms of the vacuum polariza-
and S from a general scalar multiplet. As mentioned in

Sec. I1.B, the expression of 7 is given by
tion ilT}.(¢) as in Eq. (13). It turns out that the vacuum

L [Aww(0)
r= O 40l o
amy; Cyy
polarization of the W boson is given by
,u ' 2 (N2 2 4-d d’k g
ity (0) = g -g" (N7 +N, B
1 WW( ) — 8 ( 1 ]+1>/'1 (zn)d kZ_m(sz+i8

J-1 d 1
akk”
+> N / ar / dx Kk
2m)* Jo [kz_mz 2

2
I=—J (plgx—m@g‘(l—x)ﬂs}

J
:ig’“’lz:](];izm (dzv lnmq)g)
+1g/”i: gigle (e (div—Tnm2o ) +mi, (div=Inm, ) +F (mbe,mie )], (D2)

SO we can extract Ay as follows:

Aww (0) = Z IIJZ-ZN%”) Mo (div—lnmzblg) Z 816151 [mfblg (div—lnm(zp?>+m(2pg (dlv lnm(ﬁlgﬂ)

J-1
+F (me.m, )] = %; N ONEF (me.ml, ). (D3)
I=-J

The vacuum polarization of the Z boson is given by

J 2 23\2 d J d 1 v
, 282 (I1-0s%y)” 4y [ d% g" g (1- Qs d'k 4tk
i, 0)=) - W/ 4 + E W / dx
72(0) E : 3 H o en? Jo [kz

= iy Qn)? k2 - m +1s = _mlng +i£]2

J 2 212 J 2 22
" 2 (1_ st) 2 . 2 -y 2 (I_QSW) 2 . 2
—lgﬂ ;}-Wm(plg (dlv—lnmqsfz) +1gﬂ I_ijm(p? (dlv-lnmdS?) .

= = (D4)

so we have
J ) 212 J 2 22
2¢° (1 - 2¢° (I -
Az @)=Y —‘wmglg (div=Tnm2,)+ > gl(&rch%iW)méfz (div—Tnn, ) =0. (D5)
I=—J

Therefore, the contribution of the scalar multiplet @,y to T is only provided by the Ay part in Eq. (D1),

J-1 J-1

1
WIZNI+1F(m¢Q,m(ZpQ ) = M;N,HF(m(bg,még ) . (D6)

2
Ty, =

In contrast, the expression for S is given by
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2

2 2 2
4swcw

{A/Zz - szwfijw Az, (0) =A%, 0, (D7)

S =

where A, is defined in Eq. (13) as the expansion of IF}), in terms of the external momentum ¢ at the second order.
First, we calculate the ZZ part:

) ! I QSW) Yo )4 sa [ d% K
Az2(0) = Z /qu a" /(2”)d[ ~D(q,mg.m éM)+ig]2

= -
J 2 02 J 2 2
1 K(mso,m Inm? 2(1-0s2 Inm
_y £ U-2s) QSW i K)o | S U@ (e, M) oy
4872 4872 iy 4872
I—J 1=—J
where
K (nny) =0. o)
based on Eq. (C7). Then, we calculate the Zy part:
J 2 d 2
, . egQ (I-0s 0 )4 4 d’k k
=iy SR ol st [ —
= w q (27) [ -D (q mq)Q, élg,x) +18] 0
7 2 0 J 2
_y el =0w) U=05) | 4y B () I -y 82U Csw) ) (D10)
cw 4872 487r2 cw 4872 |-
1=-J 1=-J
Finally, we calculate the yy part:
k2

. 4 P d'k
MOE 1Z_:eQ/ dq M (Zn)d[ D(q, M g0, fpe,x>+i‘9]2 4=0

K(m2 mpr) lnm(pQ

J Inm2,
_ 242 | i o ] @2
_sze Q| div' + —— o+ e Ze 0? (dzv T ) (D11)

Therefore, the contribution of a scalar multiplet @,y to S is given by

2 2
ciy CiySw 482

5o = ZJ: 45%,¢3, {g2 [1-a+v)s3] eqayy 8D (& —s%) [[-U+Y)s5y] } (div* . 1nm(2p;_,>
a

I=—J

Inm?,
=—167rYZI<dzv + 48;; > . (D12)

I1=—J

Because the sum over the third isospin components / vanishes identically, that is,

Y>> 1=0, (D13)
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the UV divergences in Eq. (D12) are canceled. Thus, the contribution of a scalar multiplet ®;y to S can be written as

;?. (D14)

Note that the expressions for S¢, and To, are consistent with those given in Ref. [134].

References

T. Aaltonen et al. (CDF Collaboration),
376(6589), 170-176 (2022)

R. L. Workman et al. (Particle Data Group), PTEP
8(2022), 083C01 (2022)

K. Sakurai, F. Takahashi, and W. Yin, Phys. Lett. B 833,
137324 (2022), arXiv:2204.04770[hep-ph]

Z. Péli and Z. Trocsanyi, arXiv: 2204.07100[hep-ph]

R. Dcruz and A. Thapa, arXiv: 2205.02217[hep-ph]

K. Asai, C. Miyao, S. Okawa et al., Phys. Rev. D 106(3),
035017 (2022), arXiv:2205.08998[hep-ph]

Y. Z. Fan, T. P. Tang, Y. L. S. Tsai et al., Phys. Rev. Lett.
129(9), 9 (2022), arXiv:2204.03693[hep-ph]

C. T. Lu, L. Wu, Y. Wu et al., Phys. Rev. D 106(3),
035034 (2022), arXiv:2204.03796[hep-ph]

H. Song, W. Su, and M. Zhang, arXiv:2204.05085

H. Bahl, J. Braathen, and G. Weiglein, Phys. Lett. B 833,
137295 (2022), arXiv:2204.05269[hep-ph]

K. S. Babu, S. Jana and V. P. K., arXiv: 2204.05303[hep-
ph]

Y. Heo, D. W. Jung, and J. S. Lee, Phys. Lett. B 833,
137274 (2022), arXiv:2204.05728[hep-ph]

Y. H. Ahn, S. K. Kang and R. Ramos,
2204.06485[hep-ph]

X. F. Han, F. Wang, L. Wang et al., Chin. Phys. C 46,
103105 (2022), arXiv:2204.06505[hep-ph]

K. Ghorbani and P. Ghorbani, arXiv: 2204.09001[hep-ph]
S. Lee, K. Cheung, J. Kim et al., arXiv: 2204.10338[hep-
ph]

H. Abouabid, A. Arhrib, R. Benbrik et al., arXiv:
2204.12018[hep-ph]

R. Benbrik, M. Boukidi
2204.11755[hep-ph]

F. J. Botella, F. Cornet-Gomez, C. Mird et al., arXiv:
2205.01115[hep-ph]

J. Kim, S. Lee, P. Sanyal et al., Phys. Rev. D 106(3),
035002 (2022), arXiv:2205.01701[hep-ph]

J. Kim, Phys. Lett. B 832, 137220
arXiv:2205.01437[hep-ph]

T. Appelquist, J. Ingoldby, and M. Piai, Nucl. Phys. B 983,
115930 (2022), arXiv:2205.03320[hep-ph]

N. Benincasa, L. Delle Rose, K. Kannike et al., arXiv:
2205.06669[hep-ph]

Science

arXiv:

and B. Manaut, arXiv:

(2022),

A. Arhrib, R. Benbrik, M. Krab et al., arXiv:
2205.14274[hep-ph]
W. Abdallah, R. Gandhi and S. Roy, arXiv:

2208.02264[hep-ph]

N. D. Barrie, C. Han, and H. Murayama, JHEP 05, 160
(2022), arXiv:2204.08202[hep-ph]

Y. Cheng, X. G. He, Z. L. Huang ef al., Phys. Lett. B 831,
137218 (2022), arXiv:2204.05031[hep-ph]

[28]
[29]
[30]
[31]

[32]

063103-19

X. K. Du, Z. Li, F. Wang et al., arXiv: 2204.05760[hep-
ph]

P. Fileviez Perez, H. H. Patel, and A. D. Plascencia, Phys.
Lett. B 833, 137371 (2022), arXiv:2204.07144[hep-ph]

S. Kanemura and K. Yagyu, Phys. Lett. B 831, 137217
(2022), arXiv:2204.07511[hep-ph]

P. Mondal, Phys. Lett. B 833,
arXiv:2204.07844[hep-ph]

D. Borah, S. Mahapatra, D. Nanda et al., Phys. Lett. B
833, 137297 (2022), arXiv:2204.08266[hep-ph]

A. Addazi, A. Marciano, A. P. Morais et al, arXiv:
2204.10315[hep-ph]

J. Heeck, Phys. Rev. D
arXiv:2204.10274[hep-ph]

T. K. Chen, C. W. Chiang, and K. Yagyu, arXiv:
2204.12898[hep-ph]

J. L. Evans, T. T. Yanagida, and N. Yokozaki, Phys. Lett.
B 833, 137306 (2022), arXiv:2205.03877[hep-ph]

R. Ghosh, B. Mukhopadhyaya, and U. Sarkar, arXiv:
2205.05041[hep-ph]

137357 (2022),

106(1), 015004 (2022),

E. Ma, Phys. Lett. B 833, 137327 (2022),
arXiv:2205.09794[hep-ph]
H. Bahl, W. H. Chiu, C. Gao et al, arXiv:

2207.04059[hep-ph]

J. T. Penedo, Y. Reyimuaji, and X. Zhang, arXiv:
2208.03329[hep-ph]

Y. Cheng, X. G. He,
2208.06760[hep-ph]

J. Butterworth, J. Heeck, S. H. Jeon et al., arXiv:
2210.13496[hep-ph]

H. Song, X. Wan, and J. H. Yu, arXiv: 2211.01543[hep-
ph]

M. Blennow, P. Coloma, E. Fernandez-Martinez et al.,
arXiv: 2204.04559[hep-ph]

H. M. Lee and K. Yamashita, Eur. Phys. J. C 82(8), 661
(2022), arXiv:2204.05024[hep-ph]

K. Cheung, W. Y. Keung, and P. Y. Tseng, Phys. Rev. D
106(1), 015029 (2022), arXiv:2204.05942[hep-ph]

A. Crivellin, M. Kirk, T. Kitahara et al., Phys. Rev. D
106(3), L031704 (2022), arXiv:2204.05962[hep-ph]
A. Ghoshal, N. Okada, S. Okada et al.,
2204.07138[hep-ph]

J. Kawamura, S. Okawa and Y. Omura, Phys. Rev. D
106(1), 015005 (2022), arXiv:2204.07022[hep-ph]

O. Popov and R. Srivastava, arXiv: 2204.08568[hep-ph].

J. Cao, L. Meng, L. Shang et al., arXiv: 2204.09477[hep-
ph]

R. Dermisek, J. Kawamura, E. Lunghi er al., arXiv:
2204.13272[hep-ph]

X. Q. Li, Z. J. Xie, Y. D. Yang et al, arXiv:
2205.02205[hep-ph]

F. Huang et al, arXiv:

arXiv:


https://doi.org/10.1126/science.abk1781
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://arxiv.org/abs/2204.04770
http://arxiv.org/abs/2204.07100[hep-ph]
http://arxiv.org/abs/2205.02217[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://arxiv.org/abs/2205.08998
https://doi.org/10.1103/PhysRevLett.129.091802
https://doi.org/10.1103/PhysRevLett.129.091802
https://arxiv.org/abs/2204.03693
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://arxiv.org/abs/2204.03796
https://arxiv.org/2204.05085
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://arxiv.org/abs/2204.05269
http://arxiv.org/abs/2204.05303[hep-ph]
http://arxiv.org/abs/2204.05303[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://arxiv.org/abs/2204.05728
http://arxiv.org/abs/2204.06485[hep-ph]
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://arxiv.org/abs/2204.06505
http://arxiv.org/abs/2204.09001[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.12018[hep-ph]
http://arxiv.org/abs/2204.11755[hep-ph]
http://arxiv.org/abs/2205.01115[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://arxiv.org/abs/2205.01701
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://arxiv.org/abs/2205.01437
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://arxiv.org/abs/2205.03320
http://arxiv.org/abs/2205.06669[hep-ph]
http://arxiv.org/abs/2205.14274[hep-ph]
http://arxiv.org/abs/2208.02264[hep-ph]
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://arxiv.org/abs/2204.08202
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://arxiv.org/abs/2204.05031
http://arxiv.org/abs/2204.05760[hep-ph]
http://arxiv.org/abs/2204.05760[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://arxiv.org/abs/2204.07144
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://arxiv.org/abs/2204.07511
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://arxiv.org/abs/2204.07844
https://doi.org/10.1016/j.physletb.2022.137297
https://doi.org/10.1016/j.physletb.2022.137297
https://arxiv.org/abs/2204.08266
http://arxiv.org/abs/2204.10315[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://arxiv.org/abs/2204.10274
http://arxiv.org/abs/2204.12898[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://arxiv.org/abs/2205.03877
http://arxiv.org/abs/2205.05041[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://arxiv.org/abs/2205.09794
http://arxiv.org/abs/2207.04059[hep-ph]
http://arxiv.org/abs/2208.03329[hep-ph]
http://arxiv.org/abs/2208.06760[hep-ph]
http://arxiv.org/abs/2210.13496[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2204.04559[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://arxiv.org/abs/2204.05024
https://doi.org/10.1103/PhysRevD.106.015029
https://doi.org/10.1103/PhysRevD.106.015029
https://arxiv.org/abs/2204.05942
https://doi.org/10.1103/PhysRevD.106.L031704
https://doi.org/10.1103/PhysRevD.106.L031704
https://arxiv.org/abs/2204.05962
http://arxiv.org/abs/2204.07138[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015005
https://doi.org/10.1103/PhysRevD.106.015005
https://arxiv.org/abs/2204.07022
http://arxiv.org/abs/2204.08568[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.13272[hep-ph]
http://arxiv.org/abs/2205.02205[hep-ph]
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://arxiv.org/abs/2204.04770
http://arxiv.org/abs/2204.07100[hep-ph]
http://arxiv.org/abs/2205.02217[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://arxiv.org/abs/2205.08998
https://doi.org/10.1103/PhysRevLett.129.091802
https://doi.org/10.1103/PhysRevLett.129.091802
https://arxiv.org/abs/2204.03693
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://arxiv.org/abs/2204.03796
https://arxiv.org/2204.05085
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://arxiv.org/abs/2204.05269
http://arxiv.org/abs/2204.05303[hep-ph]
http://arxiv.org/abs/2204.05303[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://arxiv.org/abs/2204.05728
http://arxiv.org/abs/2204.06485[hep-ph]
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://arxiv.org/abs/2204.06505
http://arxiv.org/abs/2204.09001[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.12018[hep-ph]
http://arxiv.org/abs/2204.11755[hep-ph]
http://arxiv.org/abs/2205.01115[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://arxiv.org/abs/2205.01701
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://arxiv.org/abs/2205.01437
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://arxiv.org/abs/2205.03320
http://arxiv.org/abs/2205.06669[hep-ph]
http://arxiv.org/abs/2205.14274[hep-ph]
http://arxiv.org/abs/2208.02264[hep-ph]
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://arxiv.org/abs/2204.08202
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://arxiv.org/abs/2204.05031
http://arxiv.org/abs/2204.05760[hep-ph]
http://arxiv.org/abs/2204.05760[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://arxiv.org/abs/2204.07144
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://arxiv.org/abs/2204.07511
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://arxiv.org/abs/2204.07844
https://doi.org/10.1016/j.physletb.2022.137297
https://doi.org/10.1016/j.physletb.2022.137297
https://arxiv.org/abs/2204.08266
http://arxiv.org/abs/2204.10315[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://arxiv.org/abs/2204.10274
http://arxiv.org/abs/2204.12898[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://arxiv.org/abs/2205.03877
http://arxiv.org/abs/2205.05041[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://arxiv.org/abs/2205.09794
http://arxiv.org/abs/2207.04059[hep-ph]
http://arxiv.org/abs/2208.03329[hep-ph]
http://arxiv.org/abs/2208.06760[hep-ph]
http://arxiv.org/abs/2210.13496[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2204.04559[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://arxiv.org/abs/2204.05024
https://doi.org/10.1103/PhysRevD.106.015029
https://doi.org/10.1103/PhysRevD.106.015029
https://arxiv.org/abs/2204.05942
https://doi.org/10.1103/PhysRevD.106.L031704
https://doi.org/10.1103/PhysRevD.106.L031704
https://arxiv.org/abs/2204.05962
http://arxiv.org/abs/2204.07138[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015005
https://doi.org/10.1103/PhysRevD.106.015005
https://arxiv.org/abs/2204.07022
http://arxiv.org/abs/2204.08568[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.13272[hep-ph]
http://arxiv.org/abs/2205.02205[hep-ph]
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://arxiv.org/abs/2204.04770
http://arxiv.org/abs/2204.07100[hep-ph]
http://arxiv.org/abs/2205.02217[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://arxiv.org/abs/2205.08998
https://doi.org/10.1103/PhysRevLett.129.091802
https://doi.org/10.1103/PhysRevLett.129.091802
https://arxiv.org/abs/2204.03693
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://arxiv.org/abs/2204.03796
https://arxiv.org/2204.05085
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://arxiv.org/abs/2204.05269
http://arxiv.org/abs/2204.05303[hep-ph]
http://arxiv.org/abs/2204.05303[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://arxiv.org/abs/2204.05728
http://arxiv.org/abs/2204.06485[hep-ph]
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://arxiv.org/abs/2204.06505
http://arxiv.org/abs/2204.09001[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.12018[hep-ph]
http://arxiv.org/abs/2204.11755[hep-ph]
http://arxiv.org/abs/2205.01115[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://arxiv.org/abs/2205.01701
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://arxiv.org/abs/2205.01437
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://arxiv.org/abs/2205.03320
http://arxiv.org/abs/2205.06669[hep-ph]
http://arxiv.org/abs/2205.14274[hep-ph]
http://arxiv.org/abs/2208.02264[hep-ph]
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://arxiv.org/abs/2204.08202
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://arxiv.org/abs/2204.05031
http://arxiv.org/abs/2204.05760[hep-ph]
http://arxiv.org/abs/2204.05760[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://arxiv.org/abs/2204.07144
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://arxiv.org/abs/2204.07511
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://arxiv.org/abs/2204.07844
https://doi.org/10.1016/j.physletb.2022.137297
https://doi.org/10.1016/j.physletb.2022.137297
https://arxiv.org/abs/2204.08266
http://arxiv.org/abs/2204.10315[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://arxiv.org/abs/2204.10274
http://arxiv.org/abs/2204.12898[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://arxiv.org/abs/2205.03877
http://arxiv.org/abs/2205.05041[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://arxiv.org/abs/2205.09794
http://arxiv.org/abs/2207.04059[hep-ph]
http://arxiv.org/abs/2208.03329[hep-ph]
http://arxiv.org/abs/2208.06760[hep-ph]
http://arxiv.org/abs/2210.13496[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2204.04559[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://arxiv.org/abs/2204.05024
https://doi.org/10.1103/PhysRevD.106.015029
https://doi.org/10.1103/PhysRevD.106.015029
https://arxiv.org/abs/2204.05942
https://doi.org/10.1103/PhysRevD.106.L031704
https://doi.org/10.1103/PhysRevD.106.L031704
https://arxiv.org/abs/2204.05962
http://arxiv.org/abs/2204.07138[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015005
https://doi.org/10.1103/PhysRevD.106.015005
https://arxiv.org/abs/2204.07022
http://arxiv.org/abs/2204.08568[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.13272[hep-ph]
http://arxiv.org/abs/2205.02205[hep-ph]
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://doi.org/10.1016/j.physletb.2022.137324
https://arxiv.org/abs/2204.04770
http://arxiv.org/abs/2204.07100[hep-ph]
http://arxiv.org/abs/2205.02217[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://doi.org/10.1103/PhysRevD.106.035017
https://arxiv.org/abs/2205.08998
https://doi.org/10.1103/PhysRevLett.129.091802
https://doi.org/10.1103/PhysRevLett.129.091802
https://arxiv.org/abs/2204.03693
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://doi.org/10.1103/PhysRevD.106.035034
https://arxiv.org/abs/2204.03796
https://arxiv.org/2204.05085
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://doi.org/10.1016/j.physletb.2022.137295
https://arxiv.org/abs/2204.05269
http://arxiv.org/abs/2204.05303[hep-ph]
http://arxiv.org/abs/2204.05303[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://doi.org/10.1016/j.physletb.2022.137274
https://arxiv.org/abs/2204.05728
http://arxiv.org/abs/2204.06485[hep-ph]
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://doi.org/10.1088/1674-1137/ac7c63
https://arxiv.org/abs/2204.06505
http://arxiv.org/abs/2204.09001[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.10338[hep-ph]
http://arxiv.org/abs/2204.12018[hep-ph]
http://arxiv.org/abs/2204.11755[hep-ph]
http://arxiv.org/abs/2205.01115[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://doi.org/10.1103/PhysRevD.106.035002
https://arxiv.org/abs/2205.01701
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://doi.org/10.1016/j.physletb.2022.137220
https://arxiv.org/abs/2205.01437
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://doi.org/10.1016/j.nuclphysb.2022.115930
https://arxiv.org/abs/2205.03320
http://arxiv.org/abs/2205.06669[hep-ph]
http://arxiv.org/abs/2205.14274[hep-ph]
http://arxiv.org/abs/2208.02264[hep-ph]
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://doi.org/10.1007/JHEP05(2022)160
https://arxiv.org/abs/2204.08202
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://doi.org/10.1016/j.physletb.2022.137218
https://arxiv.org/abs/2204.05031
http://arxiv.org/abs/2204.05760[hep-ph]
http://arxiv.org/abs/2204.05760[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://doi.org/10.1016/j.physletb.2022.137371
https://arxiv.org/abs/2204.07144
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://doi.org/10.1016/j.physletb.2022.137217
https://arxiv.org/abs/2204.07511
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://doi.org/10.1016/j.physletb.2022.137357
https://arxiv.org/abs/2204.07844
https://doi.org/10.1016/j.physletb.2022.137297
https://doi.org/10.1016/j.physletb.2022.137297
https://arxiv.org/abs/2204.08266
http://arxiv.org/abs/2204.10315[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://doi.org/10.1103/PhysRevD.106.015004
https://arxiv.org/abs/2204.10274
http://arxiv.org/abs/2204.12898[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://doi.org/10.1016/j.physletb.2022.137306
https://arxiv.org/abs/2205.03877
http://arxiv.org/abs/2205.05041[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://doi.org/10.1016/j.physletb.2022.137327
https://arxiv.org/abs/2205.09794
http://arxiv.org/abs/2207.04059[hep-ph]
http://arxiv.org/abs/2208.03329[hep-ph]
http://arxiv.org/abs/2208.06760[hep-ph]
http://arxiv.org/abs/2210.13496[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2211.01543[hep-ph]
http://arxiv.org/abs/2204.04559[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://arxiv.org/abs/2204.05024
https://doi.org/10.1103/PhysRevD.106.015029
https://doi.org/10.1103/PhysRevD.106.015029
https://arxiv.org/abs/2204.05942
https://doi.org/10.1103/PhysRevD.106.L031704
https://doi.org/10.1103/PhysRevD.106.L031704
https://arxiv.org/abs/2204.05962
http://arxiv.org/abs/2204.07138[hep-ph]
https://doi.org/10.1103/PhysRevD.106.015005
https://doi.org/10.1103/PhysRevD.106.015005
https://arxiv.org/abs/2204.07022
http://arxiv.org/abs/2204.08568[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.09477[hep-ph]
http://arxiv.org/abs/2204.13272[hep-ph]
http://arxiv.org/abs/2205.02205[hep-ph]

Jiajun Wu, Da Huang, Chao-Qiang Geng

Chin. Phys. C 47, 063103 (2023)

S. P. He, arXiv: 2205.02088[hep-ph]

T. A. Chowdhury and S. Saad, arXiv: 2205.03917[hep-ph]
Y. P. Zeng, arXiv: 2203.09462[hep-ph]

K. Y. Zhang and W. Z. Feng, arXiv: 2204.08067[hep-ph]
Y. P. Zeng, C. Cai, Y. H. Su et al, arXiv:
2204.09487[hep-ph]

M. Du, Z. Liu, and P. Nath, arXiv: 2204.09024[hep-ph]

S. Baek, arXiv: 2204.09585[hep-ph]

Y. Cheng, X. G. He, F. Huang et al., Phys. Rev. D 106(5),
055011 (2022), arXiv:2204.10156[hep-ph]

A. E. Faraggi and M. Guzzi, Eur. Phys. J. C 82(7), 590
(2022), arXiv:2204.11974[hep-ph]

C. Cai, D. Qiu, Y. L. Tang et al., arXiv: 2204.11570[hep-
ph]

A. W. Thomas and X. G. Wang, arXiv: 2205.01911[hep-
ph]

G. N. Wojcik, arXiv: 2205.11545[hep-ph]

S. S. Afonin, arXiv: 2205.12237[hep-ph]

B. Allanach and J. Davighi, Eur. Phys. J. C 82(8), 745
(2022), arXiv:2205.12252[hep-ph]

K. I. Nagao, T. Nomura, and H. Okada,
2206.15256[hep-ph]

D. Van Loi and P. Van Dong, arXiv: 2206.10100[hep-ph]
J. de Blas, M. Pierini, L. Reina et al., arXiv:
2204.04204[hep-ph]

J. Fan, L. Li, T. Liu et al., arXiv: 2204.04805[hep-ph]

E. Bagnaschi, J. Ellis, M. Madigan et al., JHEP 08, 308
(2022), arXiv:2204.05260[hep-ph]

A. Paul and M. Valli, Phys. Rev. D 106(1), 013008 (2022),
arXiv:2204.05267[hep-ph]

R. Balkin, E. Madge, T. Menzo et al., JHEP 05, 133
(2022), arXiv:2204.05992[hep-ph]

V. Cirigliano, W. Dekens, J. de Vries et al., arXiv:
2204.08440[hep-ph].

E. d. Almeida, A. Alves, O. J. P. Eboli et al., arXiv:
2204.10130[hep-ph]

R. S. Gupta, arXiv: 2204.13690[hep-ph]

G. Guedes and P. Olgoso, arXiv: 2205.04480[hep-ph]

Y. Liu, Y. Wang, C. Zhang et al., arXiv: 2205.05655[hep-
ph]

J. M. Yang and Y. Zhang, Sci. Bull. 67(14), 1430-1436d
(2022), arXiv:2204.04202[hep-ph]

X. K. Du, Z. Li, F. Wang et al., arXiv: 2204.04286[hep-
ph]

T. P. Tang, M. Abdughani, L. Feng et al., arXiv:
2204.04356[hep-ph]

P. Athron, M. Bach, D. H. J. Jacob et al., arXiv:
2204.05285[hep-ph]

K. S. Sun, W. H. Zhang, J. B. Chen et al, arXiv:
2204.06234[hep-ph]

M. D. Zheng, F. Z. Chen, and H. H. Zhang, arXiv:
2204.06541[hep-ph]

G. Lazarides, R. Maji, R. Roshan et al., Phys. Rev. D
106(5), 5 (2022), arXiv:2205.04824hep-ph]

G. W. Yuan, L. Zu, L. Feng et al., arXiv: 2204.04183[hep-
ph]

R. Coy and M. Frigerio, Phys. Rev. D 105(11), 115041
(2022), arXiv:2110.09126[hep-ph]

A. D'Alise, G. De Nardo, M. G. Di Luca et al., JHEP 08,
125 (2022), arXiv:2204.03686[hep-ph]

A. Strumia, JHEP 08, 248 (2022), arXiv:2204.04191[hep-
ph]

F. Arias-Aragén, E. Fernandez-Martinez, M. Gonzalez-

arXiv:

[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]

[121]

[122]
[123]
[124]

[125]
126]

—

[127]

063103-20

Lopez et al., arXiv: 2204.04672[hep-ph]
P. Asadi, C. Cesarotti, K. Fraser
2204.05283[hep-ph]

L. Di Luzio, R. Grober, and P. Paradisi, Phys. Lett. B 832,
137250 (2022), arXiv:2204.05284[hep-ph]

J. Gu, Z. Liu, T. Ma et al., arXiv: 2204.05296[ hep-ph]

T. Biekétter, S. Heinemeyer, and G. Weiglein, arXiv:
2204.05975[hep-ph]

L. Di Luzio, M. Nardecchia, and C. Toni, Phys. Rev. D
105(11), 115042 (2022), arXiv:2204.05945[hep-ph]

M. Endo and S. Mishima, arXiv: 2204.05965[hep-ph]

K. I. Nagao, T. Nomura, and H. Okada, arXiv:
2204.07411[hep-ph]

G. Arcadi and A. Djouadi, arXiv: 2204.08406[hep-ph]

T. A. Chowdhury, J. Heeck, S. Saad et al., Phys. Rev. D
106(3), 035004 (2022), arXiv:2204.08390[hep-ph]

A. Bhaskar, A. A. Madathil, T. Mandal et al., arXiv:
2204.09031[hep-ph]

D. Borah, S. Mahapatra, and N. Sahu, Phys. Lett. B 831,
137196 (2022), arXiv:2204.0967 1 [hep-ph]

A. Batra, S. K.A., S. Mandal, and R. Srivastava, arXiv:
2204.09376[hep-ph]

A. Batra, S. K. A, S. Mandal, H. Prajapati ef al., arXiv:
2204.11945[hep-ph]

J. W. Wang, X. J. Bi, P. F. Yin et al., Phys. Rev. D 106(5),
055001 (2022), arXiv:2205.00783[hep-ph]

T. Li, J. Pei, X. Yin et al., arXiv: 2205.08215[hep-ph]

J. Kawamura and S. Raby, Phys. Rev. D 106(3), 035009
(2022), arXiv:2205.10480[hep-ph]

Q. Zhou and X. F. Han, arXiv: 2204.13027[hep-ph]

T. G. Rizzo, Phys. Rev. D 106(3), 035024 (2022),
arXiv:2206.09814[hep-ph]

K. Benakli, M. Goodsell,
2208.05867[hep-ph]

V. Barger, C. Hauptmann, P. Huang et al., arXiv:
2208.06422[hep-ph]

S. S. Kim, H. M. Lee, A. G. Menkara et al., arXiv:
2208.12430[hep-ph]

F. Domingo, U. Ellwanger, and C. Hugonie, Eur. Phys. J.
C 82(11), 1074 (2022), arXiv:2209.03863[hep-ph]
M. C. Rodriguez, arXiv: 2209.04653[hep-ph]

G. L. Liu, arXiv: 2209.11421[hep-ph]

H. Diaz, V. Pleitez, and O. P. Ravinez,
2209.12121[hep-ph]

W. Lin, T. T. Yanagida, and N. Yokozaki, arXiv:
2209.12281[hep-ph]

Y. Chung, arXiv: 2210.13402[hep-ph]

R. N. C. Pfeifer, arXiv: 2212.01255[physics.gen-ph]
R. Primulando, J. Julio, and P. Uttayarat,
2211.16021[hep-ph]

S.  Amoroso (Tevatron/LHC W-mass
Working  Group), PoS ICHEP, 901
arXiv:2211.12365[hep-ex]
A. de Giorgi, L. Merlo,
2211.03797[hep-ph]

G. Senjanovi¢ and M. Zantedeschi, Phys. Lett. B 837,
137653 (2023), arXiv:2205.05022[hep-ph]

T. Bandyopadhyay, A. Budhraja, S. Mukherjee et al.,
arXiv: 2212.02534[hep-ph]

G. Kumar, arXiv: 2212.07233[hep-ph]
J. J. Heckman, Phys. Lett. B 833,
arXiv:2204.05302[hep-ph]

M. T. Frandsen and M. Rosenlyst, arXiv: 2207.01465[hep-

et al., arXiv:

W. Ke et al, arXiv:

arXiv:

arXiv:

combination
(2022),

and S. Pokorski, arXiv:

137387 (2022),


http://arxiv.org/abs/2205.02088[hep-ph]
http://arxiv.org/abs/2205.03917[hep-ph]
http://arxiv.org/abs/2203.09462[hep-ph]
http://arxiv.org/abs/2204.08067[hep-ph]
http://arxiv.org/abs/2204.09487[hep-ph]
http://arxiv.org/abs/2204.09024[hep-ph]
http://arxiv.org/abs/2204.09585[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://arxiv.org/abs/2204.10156
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://arxiv.org/abs/2204.11974
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.11545[hep-ph]
http://arxiv.org/abs/2205.12237[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://arxiv.org/abs/2205.12252
http://arxiv.org/abs/2206.15256[hep-ph]
http://arxiv.org/abs/2206.10100[hep-ph]
http://arxiv.org/abs/2204.04204[hep-ph]
http://arxiv.org/abs/2204.04805[hep-ph]
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://arxiv.org/abs/2204.05260
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://arxiv.org/abs/2204.05267
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://arxiv.org/abs/2204.05992
http://arxiv.org/abs/2204.08440[hep-ph]
http://arxiv.org/abs/2204.10130[hep-ph]
http://arxiv.org/abs/2204.13690[hep-ph]
http://arxiv.org/abs/2205.04480[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://arxiv.org/abs/2204.04202
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04356[hep-ph]
http://arxiv.org/abs/2204.05285[hep-ph]
http://arxiv.org/abs/2204.06234[hep-ph]
http://arxiv.org/abs/2204.06541[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055009
https://doi.org/10.1103/PhysRevD.106.055009
https://arxiv.org/abs/2205.04824
http://arxiv.org/abs/2204.04183[hep-ph]
http://arxiv.org/abs/2204.04183[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://arxiv.org/abs/2110.09126
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://arxiv.org/abs/2204.03686
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://arxiv.org/abs/2204.04191
https://arxiv.org/abs/2204.04191
http://arxiv.org/abs/2204.04672[hep-ph]
http://arxiv.org/abs/2204.05283[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://arxiv.org/abs/2204.05284
http://arxiv.org/abs/2204.05296[hep-ph]
http://arxiv.org/abs/2204.05975[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115042
https://doi.org/10.1103/PhysRevD.105.115042
https://arxiv.org/abs/2204.05945
http://arxiv.org/abs/2204.05965[hep-ph]
http://arxiv.org/abs/2204.07411[hep-ph]
http://arxiv.org/abs/2204.08406[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035004
https://doi.org/10.1103/PhysRevD.106.035004
https://arxiv.org/abs/2204.08390
http://arxiv.org/abs/2204.09031[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://arxiv.org/abs/2204.09671
http://arxiv.org/abs/2204.09376[hep-ph]
http://arxiv.org/abs/2204.11945[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://arxiv.org/abs/2205.00783
http://arxiv.org/abs/2205.08215[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://arxiv.org/abs/2205.10480
http://arxiv.org/abs/2204.13027[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://arxiv.org/abs/2206.09814
http://arxiv.org/abs/2208.05867[hep-ph]
http://arxiv.org/abs/2208.06422[hep-ph]
http://arxiv.org/abs/2208.12430[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://arxiv.org/abs/2209.03863
http://arxiv.org/abs/2209.04653[hep-ph]
http://arxiv.org/abs/2209.11421[hep-ph]
http://arxiv.org/abs/2209.12121[hep-ph]
http://arxiv.org/abs/2209.12281[hep-ph]
http://arxiv.org/abs/2210.13402[hep-ph]
http://arxiv.org/abs/2212.01255[physics.gen-ph]
http://arxiv.org/abs/2211.16021[hep-ph]
https://doi.org/10.22323/1.414.0901
https://arxiv.org/abs/2211.12365
http://arxiv.org/abs/2211.03797[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://arxiv.org/abs/2205.05022
http://arxiv.org/abs/2212.02534[hep-ph]
http://arxiv.org/abs/2212.07233[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://arxiv.org/abs/2204.05302
http://arxiv.org/abs/2207.01465[hep-ph]
http://arxiv.org/abs/2205.02088[hep-ph]
http://arxiv.org/abs/2205.03917[hep-ph]
http://arxiv.org/abs/2203.09462[hep-ph]
http://arxiv.org/abs/2204.08067[hep-ph]
http://arxiv.org/abs/2204.09487[hep-ph]
http://arxiv.org/abs/2204.09024[hep-ph]
http://arxiv.org/abs/2204.09585[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://arxiv.org/abs/2204.10156
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://arxiv.org/abs/2204.11974
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.11545[hep-ph]
http://arxiv.org/abs/2205.12237[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://arxiv.org/abs/2205.12252
http://arxiv.org/abs/2206.15256[hep-ph]
http://arxiv.org/abs/2206.10100[hep-ph]
http://arxiv.org/abs/2204.04204[hep-ph]
http://arxiv.org/abs/2204.04805[hep-ph]
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://arxiv.org/abs/2204.05260
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://arxiv.org/abs/2204.05267
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://arxiv.org/abs/2204.05992
http://arxiv.org/abs/2204.08440[hep-ph]
http://arxiv.org/abs/2204.10130[hep-ph]
http://arxiv.org/abs/2204.13690[hep-ph]
http://arxiv.org/abs/2205.04480[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://arxiv.org/abs/2204.04202
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04356[hep-ph]
http://arxiv.org/abs/2204.05285[hep-ph]
http://arxiv.org/abs/2204.06234[hep-ph]
http://arxiv.org/abs/2204.06541[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055009
https://doi.org/10.1103/PhysRevD.106.055009
https://arxiv.org/abs/2205.04824
http://arxiv.org/abs/2204.04183[hep-ph]
http://arxiv.org/abs/2204.04183[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://arxiv.org/abs/2110.09126
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://arxiv.org/abs/2204.03686
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://arxiv.org/abs/2204.04191
https://arxiv.org/abs/2204.04191
http://arxiv.org/abs/2204.04672[hep-ph]
http://arxiv.org/abs/2204.05283[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://arxiv.org/abs/2204.05284
http://arxiv.org/abs/2204.05296[hep-ph]
http://arxiv.org/abs/2204.05975[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115042
https://doi.org/10.1103/PhysRevD.105.115042
https://arxiv.org/abs/2204.05945
http://arxiv.org/abs/2204.05965[hep-ph]
http://arxiv.org/abs/2204.07411[hep-ph]
http://arxiv.org/abs/2204.08406[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035004
https://doi.org/10.1103/PhysRevD.106.035004
https://arxiv.org/abs/2204.08390
http://arxiv.org/abs/2204.09031[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://arxiv.org/abs/2204.09671
http://arxiv.org/abs/2204.09376[hep-ph]
http://arxiv.org/abs/2204.11945[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://arxiv.org/abs/2205.00783
http://arxiv.org/abs/2205.08215[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://arxiv.org/abs/2205.10480
http://arxiv.org/abs/2204.13027[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://arxiv.org/abs/2206.09814
http://arxiv.org/abs/2208.05867[hep-ph]
http://arxiv.org/abs/2208.06422[hep-ph]
http://arxiv.org/abs/2208.12430[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://arxiv.org/abs/2209.03863
http://arxiv.org/abs/2209.04653[hep-ph]
http://arxiv.org/abs/2209.11421[hep-ph]
http://arxiv.org/abs/2209.12121[hep-ph]
http://arxiv.org/abs/2209.12281[hep-ph]
http://arxiv.org/abs/2210.13402[hep-ph]
http://arxiv.org/abs/2212.01255[physics.gen-ph]
http://arxiv.org/abs/2211.16021[hep-ph]
https://doi.org/10.22323/1.414.0901
https://arxiv.org/abs/2211.12365
http://arxiv.org/abs/2211.03797[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://arxiv.org/abs/2205.05022
http://arxiv.org/abs/2212.02534[hep-ph]
http://arxiv.org/abs/2212.07233[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://arxiv.org/abs/2204.05302
http://arxiv.org/abs/2207.01465[hep-ph]
http://arxiv.org/abs/2205.02088[hep-ph]
http://arxiv.org/abs/2205.03917[hep-ph]
http://arxiv.org/abs/2203.09462[hep-ph]
http://arxiv.org/abs/2204.08067[hep-ph]
http://arxiv.org/abs/2204.09487[hep-ph]
http://arxiv.org/abs/2204.09024[hep-ph]
http://arxiv.org/abs/2204.09585[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://arxiv.org/abs/2204.10156
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://arxiv.org/abs/2204.11974
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.11545[hep-ph]
http://arxiv.org/abs/2205.12237[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://arxiv.org/abs/2205.12252
http://arxiv.org/abs/2206.15256[hep-ph]
http://arxiv.org/abs/2206.10100[hep-ph]
http://arxiv.org/abs/2204.04204[hep-ph]
http://arxiv.org/abs/2204.04805[hep-ph]
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://arxiv.org/abs/2204.05260
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://arxiv.org/abs/2204.05267
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://arxiv.org/abs/2204.05992
http://arxiv.org/abs/2204.08440[hep-ph]
http://arxiv.org/abs/2204.10130[hep-ph]
http://arxiv.org/abs/2204.13690[hep-ph]
http://arxiv.org/abs/2205.04480[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://arxiv.org/abs/2204.04202
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04356[hep-ph]
http://arxiv.org/abs/2204.05285[hep-ph]
http://arxiv.org/abs/2204.06234[hep-ph]
http://arxiv.org/abs/2204.06541[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055009
https://doi.org/10.1103/PhysRevD.106.055009
https://arxiv.org/abs/2205.04824
http://arxiv.org/abs/2204.04183[hep-ph]
http://arxiv.org/abs/2204.04183[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://arxiv.org/abs/2110.09126
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://arxiv.org/abs/2204.03686
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://arxiv.org/abs/2204.04191
https://arxiv.org/abs/2204.04191
http://arxiv.org/abs/2204.04672[hep-ph]
http://arxiv.org/abs/2204.05283[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://arxiv.org/abs/2204.05284
http://arxiv.org/abs/2204.05296[hep-ph]
http://arxiv.org/abs/2204.05975[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115042
https://doi.org/10.1103/PhysRevD.105.115042
https://arxiv.org/abs/2204.05945
http://arxiv.org/abs/2204.05965[hep-ph]
http://arxiv.org/abs/2204.07411[hep-ph]
http://arxiv.org/abs/2204.08406[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035004
https://doi.org/10.1103/PhysRevD.106.035004
https://arxiv.org/abs/2204.08390
http://arxiv.org/abs/2204.09031[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://arxiv.org/abs/2204.09671
http://arxiv.org/abs/2204.09376[hep-ph]
http://arxiv.org/abs/2204.11945[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://arxiv.org/abs/2205.00783
http://arxiv.org/abs/2205.08215[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://arxiv.org/abs/2205.10480
http://arxiv.org/abs/2204.13027[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://arxiv.org/abs/2206.09814
http://arxiv.org/abs/2208.05867[hep-ph]
http://arxiv.org/abs/2208.06422[hep-ph]
http://arxiv.org/abs/2208.12430[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://arxiv.org/abs/2209.03863
http://arxiv.org/abs/2209.04653[hep-ph]
http://arxiv.org/abs/2209.11421[hep-ph]
http://arxiv.org/abs/2209.12121[hep-ph]
http://arxiv.org/abs/2209.12281[hep-ph]
http://arxiv.org/abs/2210.13402[hep-ph]
http://arxiv.org/abs/2212.01255[physics.gen-ph]
http://arxiv.org/abs/2211.16021[hep-ph]
https://doi.org/10.22323/1.414.0901
https://arxiv.org/abs/2211.12365
http://arxiv.org/abs/2211.03797[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://arxiv.org/abs/2205.05022
http://arxiv.org/abs/2212.02534[hep-ph]
http://arxiv.org/abs/2212.07233[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://arxiv.org/abs/2204.05302
http://arxiv.org/abs/2207.01465[hep-ph]
http://arxiv.org/abs/2205.02088[hep-ph]
http://arxiv.org/abs/2205.03917[hep-ph]
http://arxiv.org/abs/2203.09462[hep-ph]
http://arxiv.org/abs/2204.08067[hep-ph]
http://arxiv.org/abs/2204.09487[hep-ph]
http://arxiv.org/abs/2204.09024[hep-ph]
http://arxiv.org/abs/2204.09585[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://doi.org/10.1103/PhysRevD.106.055011
https://arxiv.org/abs/2204.10156
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://doi.org/10.1140/epjc/s10052-022-10539-y
https://arxiv.org/abs/2204.11974
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2204.11570[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.01911[hep-ph]
http://arxiv.org/abs/2205.11545[hep-ph]
http://arxiv.org/abs/2205.12237[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://doi.org/10.1140/epjc/s10052-022-10693-3
https://arxiv.org/abs/2205.12252
http://arxiv.org/abs/2206.15256[hep-ph]
http://arxiv.org/abs/2206.10100[hep-ph]
http://arxiv.org/abs/2204.04204[hep-ph]
http://arxiv.org/abs/2204.04805[hep-ph]
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://doi.org/10.1007/JHEP08(2022)308
https://arxiv.org/abs/2204.05260
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://doi.org/10.1103/PhysRevD.106.013008
https://arxiv.org/abs/2204.05267
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://doi.org/10.1007/JHEP05(2022)133
https://arxiv.org/abs/2204.05992
http://arxiv.org/abs/2204.08440[hep-ph]
http://arxiv.org/abs/2204.10130[hep-ph]
http://arxiv.org/abs/2204.13690[hep-ph]
http://arxiv.org/abs/2205.04480[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
http://arxiv.org/abs/2205.05655[hep-ph]
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://doi.org/10.1016/j.scib.2022.06.007
https://arxiv.org/abs/2204.04202
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04286[hep-ph]
http://arxiv.org/abs/2204.04356[hep-ph]
http://arxiv.org/abs/2204.05285[hep-ph]
http://arxiv.org/abs/2204.06234[hep-ph]
http://arxiv.org/abs/2204.06541[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055009
https://doi.org/10.1103/PhysRevD.106.055009
https://arxiv.org/abs/2205.04824
http://arxiv.org/abs/2204.04183[hep-ph]
http://arxiv.org/abs/2204.04183[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://doi.org/10.1103/PhysRevD.105.115041
https://arxiv.org/abs/2110.09126
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://doi.org/10.1007/JHEP08(2022)125
https://arxiv.org/abs/2204.03686
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://doi.org/10.1007/JHEP08(2022)248
https://arxiv.org/abs/2204.04191
https://arxiv.org/abs/2204.04191
http://arxiv.org/abs/2204.04672[hep-ph]
http://arxiv.org/abs/2204.05283[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://doi.org/10.1016/j.physletb.2022.137250
https://arxiv.org/abs/2204.05284
http://arxiv.org/abs/2204.05296[hep-ph]
http://arxiv.org/abs/2204.05975[hep-ph]
https://doi.org/10.1103/PhysRevD.105.115042
https://doi.org/10.1103/PhysRevD.105.115042
https://arxiv.org/abs/2204.05945
http://arxiv.org/abs/2204.05965[hep-ph]
http://arxiv.org/abs/2204.07411[hep-ph]
http://arxiv.org/abs/2204.08406[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035004
https://doi.org/10.1103/PhysRevD.106.035004
https://arxiv.org/abs/2204.08390
http://arxiv.org/abs/2204.09031[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://doi.org/10.1016/j.physletb.2022.137196
https://arxiv.org/abs/2204.09671
http://arxiv.org/abs/2204.09376[hep-ph]
http://arxiv.org/abs/2204.11945[hep-ph]
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://doi.org/10.1103/PhysRevD.106.055001
https://arxiv.org/abs/2205.00783
http://arxiv.org/abs/2205.08215[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://doi.org/10.1103/PhysRevD.106.035009
https://arxiv.org/abs/2205.10480
http://arxiv.org/abs/2204.13027[hep-ph]
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://doi.org/10.1103/PhysRevD.106.035024
https://arxiv.org/abs/2206.09814
http://arxiv.org/abs/2208.05867[hep-ph]
http://arxiv.org/abs/2208.06422[hep-ph]
http://arxiv.org/abs/2208.12430[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://doi.org/10.1140/epjc/s10052-022-11059-5
https://arxiv.org/abs/2209.03863
http://arxiv.org/abs/2209.04653[hep-ph]
http://arxiv.org/abs/2209.11421[hep-ph]
http://arxiv.org/abs/2209.12121[hep-ph]
http://arxiv.org/abs/2209.12281[hep-ph]
http://arxiv.org/abs/2210.13402[hep-ph]
http://arxiv.org/abs/2212.01255[physics.gen-ph]
http://arxiv.org/abs/2211.16021[hep-ph]
https://doi.org/10.22323/1.414.0901
https://arxiv.org/abs/2211.12365
http://arxiv.org/abs/2211.03797[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://doi.org/10.1016/j.physletb.2022.137653
https://arxiv.org/abs/2205.05022
http://arxiv.org/abs/2212.02534[hep-ph]
http://arxiv.org/abs/2212.07233[hep-ph]
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://doi.org/10.1016/j.physletb.2022.137387
https://arxiv.org/abs/2204.05302
http://arxiv.org/abs/2207.01465[hep-ph]

W-boson mass anomaly from a general SU(2); scalar multiplet

Chin. Phys. C 47, 063103 (2023)

[128]
[129]
[130]
[131]
[132]
[133]
[134]
[135]
[136]

[137]

[138]
[139]

[140]

[141]
[142]
[143]
[144]
[145]
[146]
[147]
[148]
[149]
[150]
[151]
[152]
[153]

[154]

ph]

V. Basiouris and G. K. Leontaris, Eur. Phys. J. C 82(11),
1041 (2022), arXiv:2205.00758[hep-ph]

S. S. Kim, H. M. Lee, A. G. Menkara et al., Phys. Rev. D
106(1), 015008 (2022), arXiv:2205.04016[hep-ph]

M. E. Peskin and T. Takeuchi, Phys. Rev. D 46, 381-409
(1992)

M. E. Peskin and T. Takeuchi, Phys. Rev. Lett. 65, 964-
967 (1990)

1. Maksymyk, C. P. Burgess, and D. London, Phys. Rev. D
50, 529-535 (1994), arXiv:hep-ph/9306267[hep-ph]

C. P. Burgess, S. Godfrey, H. Konig et al., Phys. Lett. B
326, 276-281 (1994), arXiv:hep-ph/9307337[hep-ph]

L. Lavoura and L. F. Li, Phys. Rev. D 49, 1409-1416
(1994), arXiv:hep-ph/9309262[hep-ph]

F. Albergaria and L. Lavoura, J. Phys. G 49(8), 085005
(2022), arXiv:2111.02339[hep-ph]

G. Degrassi, B. Di Micco, P. P. Giardino et al., Phys. Lett.
B 817, 136307 (2021), arXiv:2102.07651[hep-ph]

M. McCullough, Phys. Rev. D 90, 015001 (2014),
[Erratum: Phys. Rev. D 92, 039903 (2015)], arXiv:
1312.3322

Q. H. Cao, Y. Liu, and B. Yan, Phys. Rev. D 95(7),
073006 (2017), arXiv:1511.03311[hep-ph]

W. Bizon, M. Gorbahn, U. Haisch et al., JHEP 07, 083
(2017), arXiv:1610.05771[hep-ph]

J. de Blas, M. Ciuchini, E. Franco, S. Mishima, M. Pierini,
L. Reina and L. Silvestrini, JHEP 12, 135 (2016),
arXiv:1608.01509[hep-ph]

M. Cirelli, N. Fornengo, and A. Strumia, Nucl. Phys. B
753, 178-194 (2006), arXiv:hep-ph/0512090[hep-ph]

M. Cirelli and A. Strumia, New J. Phys. 11, 105005
(2009), arXiv:0903.3381[hep-ph]

W. L. Guo and Y. L. Wu, JHEP 10, 083 (2010),
arXiv:1006.2518[hep-ph]

R. Barbieri, L. J. Hall, and V. S. Rychkov, Phys. Rev. D
74, 015007 (2006), arXiv:hep-ph/0603188[hep-ph]

L. Lopez Honorez and C. E. Yaguna, JHEP 09, 046
(2010), arXiv:1003.3125[hep-ph]

M. Gonderinger, H. Lim, and M. J. Ramsey-Musolf, Phys.
Rev. D 86, 043511 (2012), arXiv:1202.1316[hep-ph]

J. M. Cline and K. Kainulainen, JCAP 01, 012 (2013),
arXiv:1210.4196[hep-ph]

B. Grzadkowski and D. Huang, JHEP 08, 135 (2018),
arXiv:1807.06987[hep-ph]

J. M. Cline, A. Friedlander, D. M. He et al., Phys. Rev. D
103(12), 123529 (2021), arXiv:2102.12490[hep-ph]

D. E. Morrissey and M. J. Ramsey-Musolf, New J. Phys.
14, 125003 (2012), arXiv:1206.2942[hep-ph]

T. A. Chowdhury, M. Nemevsek, G. Senjanovic et al.,
JCAP 02, 029 (2012), arXiv:1110.5334[hep-ph]

K. Hashino, M. Kakizaki, S. Kanemura et al., JHEP 06,
088 (2018), arXiv:1802.02947[hep-ph]

C. W. Chiang, M. J. Ramsey-Musolf, and E. Senaha, Phys.
Rev. D 97(1), 015005 (2018), arXiv:1707.09960[hep-ph]
K. Kannike and M. Raidal, Phys. Rev. D 99(11), 115010

063103-21

(2019), arXiv:1901.03333[hep-ph]

C. W. Chiang, D. Huang, and B. Q. Lu, JCAP 01, 035
(2021), arXiv:2009.08635[hep-ph]

C. W. Chiang and B. Q. Lu, JHEP 07, 082 (2020),
arXiv:1912.12634[hep-ph]

R. G. Cai, M. Sasaki, and S. J. Wang, JCAP 08, 004
(2017), arXiv:1707.03001[astro-ph.CO]

W. Chao, H. K. Guo, and J. Shu, JCAP 09, 009 (2017),
arXiv:1702.02698[hep-ph]

J. Ellis, M. Lewicki, and J. M. No, JCAP 04, 003 (2019),
arXiv:1809.08242[hep-ph]

A. Alves, T. Ghosh, H. K. Guo et al., JHEP 04, 052
(2019), arXiv:1812.09333[hep-ph]

R. Zhou, W. Cheng, X. Deng et al., JHEP 01, 216 (2019),
arXiv:1812.06217[hep-ph]

K. Hashino, R. Jinno, M. Kakizaki et al., Phys. Rev. D
99(7), 075011 (2019), arXiv:1809.04994[hep-ph]

L. Bian, Y. Wu, and K. P. Xie, JHEP 12, 028 (2019),
arXiv:1909.02014[hep-ph]

T. Ghosh, H. K. Guo, T. Han et al., JHEP 07, 045 (2021),
arXiv:2012.09758[hep-ph]

R. Zhou and L. Bian, Phys. Lett. B 829, 137105 (2022),
arXiv:2001.01237[hep-ph]

B. Q. Lu, C. W. Chiang, and D. Huang, Phys. Lett. B 833,
137308 (2022), arXiv:2205.08380[hep-ph]

R. G. Cai, K. Hashino, S. J. Wang et al., arXiv:
2202.08295[hep-ph]

R. Zhou, L. Bian, and Y. Du, JHEP 08, 205 (2022),
arXiv:2203.01561[hep-ph]

W. Konetschny and W. Kummer, Phys. Lett. B 70, 433-
435 (1977)

T. P. Cheng and L. F. Li, Phys. Rev. D 22, 2860 (1980)

M. Magg and C. Wetterich, Phys. Lett. B 94, 61-64 (1980)
J. Schechter and J. W. F. Valle, Phys. Rev. D 22, 2227
(1980)

G. Lazarides, Q. Shafi, and C. Wetterich, Nucl. Phys. B
181, 287-300 (1981)

R. N. Mohapatra and G. Senjanovic, Phys. Rev. D 23, 165
(1981)

W. Grimus, L. Lavoura, O. M. Ogreid ef al., J. Phys. G 35,
075001 (2008), arXiv:0711.4022[hep-ph]

W. Grimus, L. Lavoura, O. M. Ogreid et al., Nucl. Phys. B
801, 81-96 (2008), arXiv:0802.4353[hep-ph]

M. Nebot, J. F. Oliver, D. Palao et al., Phys. Rev. D 77,
093013 (2008), arXiv:0711.0483[hep-ph]

S. D. Drell, D. J. Levy, and T. M. Yan, Phys. Rev. 187,
2159-2171 (1969)

S. D. Drell and T. M. Yan, Phys. Rev. D 25, 316 (1970),
[Erratum: Phys. Rev. D 25 902 (1970)]

S. D. Drell and T. M. Yan, Annals Phys. 66, 578 (1971)
ATLAS Collaboration, arXiv: 2304.01532

V. Khachatryan et al. (CMS Collaboration), Phys. Rev. D
94(11), 112004 (2016), arXiv:1609.08382[hep-ex]

CMS Collaboration, CMS-PAS-EX0O-11-090.

M. Fairbairn, A. C. Kraan, D. A. Milstead et al., Phys.
Rept. 438, 1-63 (2007), arXiv:hep-ph/0611040[hep-ph]


http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040
http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040
http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040
http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040
http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040
http://arxiv.org/abs/2207.01465[hep-ph]
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://doi.org/10.1140/epjc/s10052-022-11005-5
https://arxiv.org/abs/2205.00758
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1103/PhysRevD.106.015008
https://arxiv.org/abs/2205.04016
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevD.46.381
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevLett.65.964
https://doi.org/10.1103/PhysRevD.50.529
https://doi.org/10.1103/PhysRevD.50.529
https://arxiv.org/abs/9306267
https://doi.org/10.1016/0370-2693(94)91322-6
https://doi.org/10.1016/0370-2693(94)91322-6
https://arxiv.org/abs/9307337
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://doi.org/10.1103/PhysRevD.49.1409
https://arxiv.org/abs/9309262
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://doi.org/10.1088/1361-6471/ac7a56
https://arxiv.org/abs/2111.02339
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://doi.org/10.1016/j.physletb.2021.136307
https://arxiv.org/abs/2102.07651
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.90.015001
https://doi.org/10.1103/PhysRevD.92.039903
https://arxiv.org/1312.3322
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://doi.org/10.1103/PhysRevD.95.073006
https://arxiv.org/abs/1511.03311
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://doi.org/10.1007/JHEP07(2017)083
https://arxiv.org/abs/1610.05771
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://doi.org/10.1007/JHEP12(2016)135
https://arxiv.org/abs/1608.01509
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://doi.org/10.1016/j.nuclphysb.2006.07.012
https://arxiv.org/abs/0512090
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://doi.org/10.1088/1367-2630/11/10/105005
https://arxiv.org/abs/0903.3381
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://doi.org/10.1007/JHEP10(2010)083
https://arxiv.org/abs/1006.2518
https://doi.org/10.1103/PhysRevD.74.015007
https://doi.org/10.1103/PhysRevD.74.015007
https://arxiv.org/abs/0603188
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://doi.org/10.1007/JHEP09(2010)046
https://arxiv.org/abs/1003.3125
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://doi.org/10.1103/PhysRevD.86.043511
https://arxiv.org/abs/1202.1316
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://doi.org/10.1088/1475-7516/2013/01/012
https://arxiv.org/abs/1210.4196
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://doi.org/10.1007/JHEP08(2018)135
https://arxiv.org/abs/1807.06987
https://doi.org/10.1103/PhysRevD.103.123529
https://doi.org/10.1103/PhysRevD.103.123529
https://arxiv.org/abs/2102.12490
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://arxiv.org/abs/1206.2942
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://doi.org/10.1088/1475-7516/2012/02/029
https://arxiv.org/abs/1110.5334
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://doi.org/10.1007/JHEP06(2018)088
https://arxiv.org/abs/1802.02947
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://doi.org/10.1103/PhysRevD.97.015005
https://arxiv.org/abs/1707.09960
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://doi.org/10.1103/PhysRevD.99.115010
https://arxiv.org/abs/1901.03333
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://doi.org/10.1088/1475-7516/2021/01/035
https://arxiv.org/abs/2009.08635
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://doi.org/10.1007/JHEP07(2020)082
https://arxiv.org/abs/1912.12634
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://doi.org/10.1088/1475-7516/2017/08/004
https://arxiv.org/abs/1707.03001[astro-ph.CO]
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://doi.org/10.1088/1475-7516/2017/09/009
https://arxiv.org/abs/1702.02698
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://doi.org/10.1088/1475-7516/2019/04/003
https://arxiv.org/abs/1809.08242
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://doi.org/10.1007/JHEP04(2019)052
https://arxiv.org/abs/1812.09333
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://doi.org/10.1007/JHEP01(2019)216
https://arxiv.org/abs/1812.06217
https://doi.org/10.1103/PhysRevD.99.075011
https://doi.org/10.1103/PhysRevD.99.075011
https://arxiv.org/abs/1809.04994
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://doi.org/10.1007/JHEP12(2019)028
https://arxiv.org/abs/1909.02014
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://doi.org/10.1007/JHEP07(2021)045
https://arxiv.org/abs/2012.09758
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://doi.org/10.1016/j.physletb.2022.137105
https://arxiv.org/abs/2001.01237
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://doi.org/10.1016/j.physletb.2022.137308
https://arxiv.org/abs/2205.08380
http://arxiv.org/abs/2202.08295[hep-ph]
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://doi.org/10.1007/JHEP08(2022)205
https://arxiv.org/abs/2203.01561
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1016/0370-2693(77)90407-5
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1103/PhysRevD.22.2860
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1016/0370-2693(80)90825-4
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1103/PhysRevD.22.2227
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1016/0550-3213(81)90354-0
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1103/PhysRevD.23.165
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://doi.org/10.1088/0954-3899/35/7/075001
https://arxiv.org/abs/0711.4022
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://doi.org/10.1016/j.nuclphysb.2008.04.019
https://arxiv.org/abs/0802.4353
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://doi.org/10.1103/PhysRevD.77.093013
https://arxiv.org/abs/0711.0483
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRev.187.2159
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.316
https://doi.org/10.1103/PhysRevLett.25.902.2
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://doi.org/10.1016/0003-4916(71)90071-6
https://arxiv.org/2304.01532
https://doi.org/10.1103/PhysRevD.94.112004
https://doi.org/10.1103/PhysRevD.94.112004
https://arxiv.org/abs/1609.08382
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://doi.org/10.1016/j.physrep.2006.10.002
https://arxiv.org/abs/0611040

	I INTRODUCTION
	II GENERAL DISCUSSIONS
	A Model
	B Oblique parameters and the W-Boson mass

	III SPECIFIC EXAMPLES
	A Real multiplet with $ Y=0 $
	B Complex multiplet with $ Y=0 $
	C Complex multiplet with $ Y=J $
	D Effects of varying Y

	IV CONCLUSIONS AND DISCUSSIONS
	APPENDIX A: LAGRANGIAN AND FEYNMAN RULES FOR EW GAUGE COUPLINGS
	APPENDIX B: POSSIBLE POTENTIAL TERMS: $ O_6 $ AND $ O_7 $
	APPENDIX C: FEYNMAN INTEGRALS AND FUNCTIONS
	APPENDIX D: CALCULATION DETAILS FOR THE SCALAR MULTIPLET CONTRIBUTIONSTO T AND S
	References

