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Abstract: In  this  study,  we  explore  the  potentials  of  dipole  operators  and  four-fermion  operators  at  low-energy
lepton colliders such as Belle II and the Super Tau Charm Facility (STCF). We utilize high-dimension operators to
characterize such anomalous interactions, focusing on those that do not interfere with the Standard Model (SM) con-
tributions.  With polarized beams, the four-fermion operators and dipole moment operators can be tested with high
precision.
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I.  INTRODUCTION
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The tau ( ) lepton, as the heaviest and third-genera-
tion lepton  within  the  Standard  Model  (SM),  is   con-
sidered  a  crucial  gateway  to  uncovering  new  physics
(NP).  Various  NP  models  postulate  the  involvement  of
the tau lepton in mechanisms that either alter SM predic-
tions for tau-related processes or introduce novel interac-
tions. Notably, these include the presence of an addition-
al  gauge  boson  ,  which  exhibits  either  flavor-con-
serving  or  flavor-changing  interactions,  additional  scalar
particles that facilitate flavor-changing interactions [1−8],
and  quantum-induced  dipole  interactions  [9,  10].
Moreover, recent  experimental  observations  indicate   de-
viations  from  the  lepton  flavor  universality,  exemplified
by discrepancies in   ( ) and   ( ) ratios [11−13].
These findings not only challenge the completeness of the
SM but also highlight the tau lepton's pivotal role in prob-
ing NP. Furthermore the long standing muon   anom-
aly  [14−16]  stimulates  interests  in  testing  the  tau  lepton
dipole moments [17−20].

e−e+→
τ−τ+

The low-energy lepton colliders, such as Belle-II and
the super  tau  charm factory  (STCF)  with  collision   ener-
gies of 4−7 GeV [21, 22], are considered promising plat-
forms for  these  types  of  measurements,  as  billons  of  tau
leptons  will  be  produced  based  on  the  process 

, contributing  from  quantum  electrodynamics   cur-
rent  interactions.  Additionally,  increasing  interest  has
been directed toward exploring both the direct and indir-
ect  potentials  of  low-energy  lepton  colliders  in  various

A′ Z′

NP searches.  Research  into  NP  manifestations  in  meson
decays [23] or through non-standard interactions [24] has
been thoroughly  pursued.  The  potential  for  directly   de-
tecting additional vector bosons, such as the dark photon
 or  , has been investigated at the STCF [21, 22].

e+e−→ τ+τ−
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In  this  study,  we  explore  the  capabilities  of  low-en-
ergy  lepton  colliders  in  probing  dipole  operators  and
four-fermion  operators,  with  a  particular  emphasis  on
their contribution to process  . Instead of spe-
cific  NP  models,  we  utilize  effective  field  theory  (EFT)
[25],  in  which  high  dimension  operators  are  utilized  to
depict the NP effects, to characterize these types of inter-
actions.  It  provides  a  model  independent  and  flexible
frame, and  it  is  particularly  advantageous  at  lower  ener-
gies [26, 27].  Diverse EFTs,  each pertinent  to its  energy
scale and symmetry, are employed to address various as-
pects  of  NP.  For  example,  the  standard  model  effective
field  theory  (SMEFT)  [28],  which  adheres  to 

  gauge symmetry,  is  applicable  above  the   elec-
troweak scale, whereas Low Energy Effective Field The-
ory  (LEFT),  manifesting    symmetry,  is  relevant
below the electroweak scale. These frameworks are inter-
connected  via  a  rigorous  ''matching''  process,  facilitating
the  translation  of  findings  across  different  energy  scales
[29−32].  Initially,  our  focus  will  be  on  identifying  and
analyzing the implications of specific operators within the
LEFT  that  are  indicative  of  NP.  Subsequently,  we  will
extend our analysis to the SMEFT, employing the estab-
lished  “matching”  results to  correlate  the  Wilson   coeffi-
cients in the LEFT with those in the SMEFT.
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We focus on two types of operators, namely four-fer-
mion and lepton dipole operators in the LEFT. In Table 1,
we enumerate six operators, which can be involved in the
process  and might alter SM predictions. Not-
ably,  the  chirality  of  the  lepton  in  each  operator  is
flipped. In the SM contribution, the leptons have identic-
al chiralities due to the current interactions. It is expected
that the interference between the high dimension operat-
ors and SM is suppressed by the lepton mass, particularly
for massless  electron  limit.  Then,  the  leading  order  con-
tribution  from  those  operators  is  represented  by  the
square  terms  and  is  inversely  proportional  to  the  fourth
power of the cut-off scale, rendering weak constraints on
the operators.  Recent  investigations  have  delved  into  di-
pole operators with the polarization asymmetry of beams
at  the  future  electron-positron  collider,  particularly  at  a
center-of-mass  energy  of    GeV  [33]. A   note-
worthy observation  is  that  the  azimuthal  angle  of  the   fi-
nal  state  particles  with  respect  to  the  beam  polarization
direction exhibits  asymmetric  distribution  for   interfer-
ence terms. This idea has been extended at the forthcom-
ing Electron-Ion Collider (EIC) to study four-fermion op-
erators and dipole operators [34, 35]. In the present study,
the  single  transverse  spin  asymmetry  is  used  to  explore
the potential on operators listed in Table 1 at low-energy
lepton colliders. Specifically, two points should be noted.
First, the tau lepton magnetic  dipole  operators  can  inter-
fere  with  SM  contribution  as  a  massive  lepton,  and  the
total event  numbers,  as  opposed  to  asymmetric   distribu-
tion, are utilized to constrain the operators even with the
polarized beams. Furthermore, for the electric dipole op-
erators  indicating  charge-parity  ( ) violation,  they   ex-
hibit  no  interference  with  the  SM  even  with  polarized
beams. To maintain unity, we utilize the total event num-
bers  instead  of  the  asymmetric  distribution  of  azimuthal
angle  to  constrain  the  operators.  Second,  although it  can
be expected that the constraints for electron dipole oper-
ators  in  the  present  study  would  be  much  weaker  than
those  from  the  electron  electric  dipole  moment  (EDM)
and  magnetic  dipole  moment  (MDM)  measurements
[36−38], these electron dipole operators are also listed in
Table 1 for completeness.

OV

OS

The  contribution  of  the  four-fermion  operators 
and   to the EDM and MDM of the electron at the one-
loop level is well established. Hence, precision measure-
ments  of  the  electron  EDM  and  MDM  offer  indirect

OV 10−5

10−11 OS

10−4 10−10

OV OS

methods  to  constrain  these  operators  [39−41]. For   in-
stance, the real and imaginary parts of the Wilson coeffi-
cient associated with   are constrained to orders of 
and  , respectively, and those for   are of orders of

 and  , respectively. These constraints are typic-
ally  more  stringent  than  those  obtainable  through  direct
searches  at  colliders.  However,  it  is  crucial  to  recognize
that indirect constraints on   and   may be influenced
by correlations between operators or hidden new physics.
For example,  while analyses typically consider contribu-
tions only from the tau lepton, electrons, muons, quarks,
and even new fermions or scalars may enter the loops and
significantly alter  these constraints.  This observation un-
derscores the necessity of directly examining each operat-
or, which is the focus of our research.

The rest of this paper is organized as follows. In Sec.
II,  we  review  the  general  fermion  polarization  formula
and  asymmetric  observables.  In  Sec.  III,  we  show  the
analytical results, and then, in Sec. IV, we present the nu-
merical calculations. Finally, we present our conclusions. 

II.  THEORETICAL SETUP

In this section, we initially discuss the polarizations of
electrons and positrons, especially their transverse polar-
izations.  With  the  aid  of  the  polarizations  of  beams,  the
asymmetric  observable  can  be  defined,  which  behaves
like  the  forward-backward  asymmetry.  Two  asymmetric
observables  are  defined,  and  statistical  uncertainty  is
provided. 

A.    Polarizations of colliding beams

λe(λ̄e)

±1

se(s̄e)

The  polarizations  of  electrons  are  discussed  in
[42−44], where  the  longitudinal  and  transverse  polariza-
tions of the electrons and positrons are explored. The lon-
gitudinal polarization   corresponds to the spin pro-
jection  on  the  beam  momentum  direction,  representing
the  helicity  .  The  beam transverse  polarization  of  the
initial electron (positron) beam is defined by the polariza-
tion vector  : 

se = (0,bT cosϕs,bT sinϕs,0),

s̄e = (0, b̄T cosϕs, b̄T sinϕs,0), (1)

ϕs

bT (b̄T )
where    denotes  the  transverse  polarized  angle,  and

 denotes  the  magnitude  of  the  polarization  for  the
initial electron (position).

With the polarizations in Eq. (1), the density matrices
for a massless electron and positron are as follows: 

ρe =
1
2

(
1+λe see−iϕs

seeiϕs 1−λe

)
, ρ̄e =

1
2

(
1+ λ̄e s̄eeiϕs

s̄ee−iϕs 1− λ̄e

)
. (2)

Furthermore, the spinor summation rules are as follows: 

 

e−e+→ τ−τ+

v (v = 246 GeV)

Table 1.      Operators in LEFT [30] are listed,  which contrib-
ute to the process  . The cut-off scale of the operat-
ors is the electroweak scale  .

OV : (ēLγ
µτL)(τ̄RγµeR)+h.c. OS : (ēLτR)(τ̄LeR)+h.c.

Oτγ : τ̄σµντFµν Oa
τγ : τ̄σµνiγ5τFµν

Oeγ : ēσµνeFµν Oa
eγ : ēσµνiγ5eFµν
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ρeuλe (p)ūλe (p) ≠p
1−λeγ5+γ5 ̸se

2
,

ρ̄evλ̄e (p)v̄λ̄e (p) ≠p
1− λ̄eγ5+γ5 ̸s̄e

2
, (3)

where  p  denotes  the  momentum  of  the  electron  or
positron. Based on the aforementioned equation, it can be
clearly shown that the transverse polarization vectors mix
different helicity  states  and  this  will  render  the   interfer-
ence contribution, which is forbidden in the helicity basis. 

B.    Asymmetric observables
Considering the effects of the polarized initial beams

on the operators, the total differential scattering cross sec-
tion including the SM and NP operator contributions will
depend  on  the  difference  between  the  azimuthal  angle
and transverse polarization angle as follows: 

2πdσ
σdϕ

= 1+ALR cos(ϕ−ϕs)+AUD sin(ϕ−ϕs), (4)

ϕs = 0

1/v2

where  ϕ  denotes  the  azimuthal  angle  of  the  tau  lepton.
Here, the transverse polarization angle of beams is selec-
ted as   without loss of generality.  It  is  emphasized
that  NP  has  no  contribution  to  the  total  cross  section  at
the order of  , while it  will  alter  the azimuthal distri-
bution of  the  final  state.  With  the  asymmetric   distribu-
tion,  we  can  define  the  asymmetric  observables  as  [33,
45] 

ALR =
N(cosϕ > 0)−N(cosϕ < 0)
N(cosϕ > 0)+N(cosϕ < 0)

,

AUD =
N(sinϕ > 0)−N(sinϕ < 0)
N(sinϕ > 0)+N(sinϕ < 0)

, (5)

where N denotes the total event number, and the statistic-
al uncertaintity of the observables can be obtained as 

δALR(UD) =

…
1−ALR(UD)

N
, (6)

1√
N

ALR(UD)

≃ 0

which becomes   if we take the approximation 
 in the SM. 

III.  ANALYTICAL RESULTS

e−e+→ τ−τ+

In  this  section,  we provide  analytical  results,  namely
asymmetric  observables  and  total  event  numbers  for  the
operators in Table 1. Before delving into the interference
contributions between the SM and high dimensional oper-
ators, it is important to note that the Z contribution to the
process    is  negligible  when  compared  with
that from γ at low-energy lepton colliders. Therefore, we

e−e+→ γ∗→ τ−τ+only  consider  the  process    in  the  SM,
which is a pure quantum electrodynamics process.

e−e+→ τ−τ+

Based on electron and positron chiralities, it is clearly
shown  that  the  four-fermion operators  and  electron   di-
pole operators, as listed in Table 1, do not interfere with
the  SM contribution  for  the  process    for un-
polarized beams.  The  characteristic  absence  of   interfer-
ence  is  apparent  from  the  fermion  chirality  structure.  In
the SM, fermion chirality is conserved in electroweak in-
teractions.  Conversely,  the  operators  in  question  cause  a
flip in  the  chirality  of  electrons.  Given  the   correspond-
ence  between  chirality  and  helicity  in  the  massless  limit
of  fermions,  it  leads  to  no  interference  in  the  helicity
basis.  With  polarized  beams,  a  transversely  polarized
electron becomes  a  superposition  state  of  different   heli-
city states, and this will lead to an extra interference con-
tribution to the distribution of final state particles.

e−e+→ τ−τ+

Before  displaying  the  differential  cross  section  with
polarized beams, it is important to note that the four-fer-
mion  operators  listed  in  Table  1  independently  induce

, and their interferences with the SM process
are correlated, as described by the following Fierz identit-
ies: 

(ēLτR)(τ̄LeR) = − 1
8

(ēLσ
µνeR)(τ̄LσµντR)

− 1
2

(ēLeR)(τ̄LτR),

(ēLγµτL)(τ̄Rγ
µeR) = 2(ēLeR)(τ̄RτL). (7)

(ēLσ
µνeR)(τ̄LσµντR)

OV OS 4 : 1
OV

OS

The  operator    in the   aforemen-
tioned equation does not interfere with the SM contribu-
tion even for polarized beams. Therefore, the radio of the
interference  amplitudes  from    and    is  .  In  our
analysis,  we use the first  operator   as  the benchmark,
and the results for   can be obtained via rescaling.

OV

The  differential  cross  section  from  the  interference
between  the  SM and  operator    contribution is  as   fol-
lows: 

dσ
dsinϕ

=
e2mτ(4m2

τ − s)
32v2s

√
s
×Re[LV ](bT λ̄e+ b̄Tλe), (8)

 

dσ
dcosϕ

=
e2mτ(4m2

τ − s)
32v2s

√
s
× Im[LV ](b̄Tλe−bT λ̄e), (9)

LV

OV
√

s

mτ

where   denotes the Wilson coefficient for the operator
, e denotes the electron and tau lepton charge,   de-

notes the collision energy, and v denotes the electroweak
symmetry breaking scale as the cut-off scale of the LEFT.
It can be shown that the interference term is proportional
to   due to the tau lepton chirality flip as the chiralities
of tau leptons are flipped in the operators while they are
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conserved in the QED. With the differential cross section,
the asymmetric observables can be obtained as follows: 

AV
LR =

−3mτs
√

s−4m2
τ ×Re[LV ](b̄Tλe+bT λ̄e)

2e2v2(λeλ̄e+1)(2m2
τ + s)

, (10)

 

AV
UD =

3mτs
√

s−4m2
τ × Im[LV ](b̄Tλe−bT λ̄e)

2e2v2(λeλ̄e+1)(2m2
τ + s)

. (11)

Oeγ

Oa
eγ

Next,  we  explore  the  electron  dipole  operators 
and  ,  whose  interference  with  the  SM  for  polarized
beams can be expressed as 

dσ
dcosϕ

= −e3 sin2θ(s−4m2
τ)

3
2

32πvs2
×Leγ(b̄Tλe+bT λ̄e), (12)

 

dσ
dsinϕ

= −e3 sin2θ(s−4m2
τ)

3
2

32πvs2
×La

eγ(b̄Tλe−bT λ̄e), (13)

Leγ La
eγ Oeγ

Oa
eγ

where θ denotes the polarization angle of the tau lepton,
and   and   denote the Wilson coefficients of   and

,  respectively.  With  the  differential  cross  section,  the
asymmetric observables are obtained as follows: 

Aeγ
LR =

−2
√

s(s−4m2
τ)×Leγ(bT λ̄e+ b̄Tλe)

πev(1+λeλ̄e)(s+2m2
τ)

, (14)

 

Aeγ
UD =

2
√

s(s−4m2
τ)×La

eγ(b̄Tλe−bT λ̄e)
πev(1+λeλ̄e)(s+2m2

τ)
. (15)

It is  important  to  note  that  the  asymmetric   observ-
ables discussed are dependent on both transverse and lon-
gitudinal  polarizations.  This  dependency  arises  because
our  analysis  is  confined  to  the  pure  QED  contributions
within the  SM,  specifically  the  photon  mediation   pro-
cesses,  which  are  parity-conserving.  Conversely,  an
asymmetric  variant  that  depends  uniquely  on  transverse
polarization emerges  when  incorporating  the   contribu-
tion of the Z gauge boson into the SM processes [33].

Oτγ Oa
τγ

e+e−→ τ+τ−

For  the  τ  dipole  operators    and  ,  as  stated
above, total event numbers are used. The production rates
of the process   are as follows: 

σ(Oτγ) =
 

s−4m2
τ

s
×
[
(s+8m2

τ)L
2
τγ +6evmτLτγ

]
6πsv2

× e2
(
1+λeλ̄e

)
,

σ(Oa
τγ) =

 
s−4m2

τ

s
×

(s−4m2
τ)(L

a
τγ)

2

6πsv2
e2
(
1+λeλ̄e

)
, (16)

Lτγ La
τγ Oτγ

Oa
τγ

where   and   denote the Wilson coefficients of 
and  , respectively.  Notably,  the  magnetic  dipole  mo-
ment  operator  interferes  with  the  SM,  while  the  electric
dipole moment operator does not.
 

IV.  NUMERICAL RESULTS

(λe, λ̄e,bT , b̄T ) = √
s

τ−→ π−ντ τ−→ π−π0ντ τ−→ π−π+π−ντ

e−e+→ qq̄

N N = σ(e−e+→ τ−τ+)×
L× ≈ 0.15×σ(e−e+→ τ−τ+)×L

In  this  section,  we  explore  the  sensitivity  of  low-en-
ergy lepton colliders to high dimension operators numer-
ically. We first focus on the LEFT operators shown in Ta-
ble 1,  and then deduce the potential  impact  on operators
within the  SMEFT  framework  via  a  ''matching''   proced-
ure.  The collison setup is  chosen to  be similar  to  that  of
Belle-II and STCF [46, 47]. The integrated luminosity of
3000  fb–1  is  adopted.  The  beam  polarization  parameters
are set as  (0.5, 0.5, 0.8, 0.3) for the polar-
ized case. Furthermore, an   value of 7 GeV is utilized
as the benchmark collision energy. Additionally, we con-
sider  τ  lepton  decay  and  reconstruction.  Among  the  rich
phenomenology of τ lepton decay modes, we focus on the
decay modes  ,  , and  ,
which collectively represent a significant portion of τ de-
cay,  with  a  cumulative  branching  ratio  of  45.8%  [48].
Specifically, these decay channels exhibit advantages for
analysis  due  to  their  minimal  backgrounds  from  the

 process [49]. By exclusively focusing on these
decay modes, we enhance our experimental sensitivity to
potential new physics signals. Accordingly, coupled with
a  high  reconstruction  efficiency  of  the  tau  lepton  pair,
which  is  approximately  85%  [50−53],  we  estimate  the
number of observable events ( ) as 

 45.8%×45.8%×85%×85%  .
 

A.    Discovery and test potential on operators in the

LEFT
ALR(UD)/δALR(UD)

5σ 2σ √
s

OV Oeγ Oa
eγ LV

Leγ La
eγ

5σ e+e−

2σ

τ√
s≫ mτ √

s mτ

√
s≫ mτ

Firstly, we use   to evaluate the poten-
tial  of  the  low-energy  lepton  collider  in  probing  the
Wilson coefficients of operators listed in Table 1. Figure
1 displays the   discovery and   exclusion potentials
as functions of the varying collision energy   for oper-
ators  ,  , and  , whose Wilson coefficients are  ,

,  and  ,  respectively.  The  black  lines  denote  the
discovery potential for the   collider at various col-

lision energies,  while the dashed blue lines represent the
  testing  capacity  for  these  operators.  The  potential  of

the Wilson coefficient increases with the collision energy
near  the    mass  threshold  and  tends  to  stabilize  for

. This  trend  is  attributed  to  the  phase  space  ex-
pansion  with  increasing    near  the  threshold.  This
leads to a higher event count, thereby enhancing the col-
lider  capacity  for  Wilson  coefficients.  For  ,  the
asymmetric observables manifest as follows:
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ALR ∼ AUD ∼ LV
mτ
√

s
v2
, (17)

for four-fermion operators, and 

ALR ∼ AUD ∼ Leγ/La
eγ

√
s

v
, (18)

for dipole  operators.  The  total  event  number  can  be   ex-
pressed as 

N ∼ L
s
. (19)

s

Im[LV ]
Re[LV ] Im[LV ]

Re[LV ]
Leγ La

eγ

e+e−

Re[LV ]
Leγ CP

Im[LV ]
La

eγ CP CP
CP

λeb̄T + λ̄ebT λeb̄T−
λ̄ebT

Given the dependence of asymmetric observables and
total event number on  , the constraint on Wilson coeffi-
cients approach a constant value. Furthermore, Fig. 1 in-
dicates that the constraint on   is looser when com-
pared to that on  , wherein the boundary for 
is  approximately  two  times  that  of  .  A  similar
trend is observed for   and  . This observation is con-
firmed by the results in Table 2 based on the 7 GeV 
collider.  This  discrepancy  is  due  to  the  fact  that 
and   indicate  -even effects in the four-fermion and
electron  dipole  operators,  respectively,  whereas 
and   indicate the  -odd effects. These  -even and

-odd  components  exhibit  different  dependencies  on
beam  polarizations,  specifically    and 

. In our numerical calculations, we set the beam po-

(λe, λ̄e,bT , b̄T ) = (0.5,0.5,0.8,0.3)larizations as  , which elu-
cidates the observed factor of two differences.

5σ √
s

2σ

Oτγ

Oa
τγ

Oτγ
Oa
τγ CP

Oτγ
√

s
Ns/
√

Nb ∝ 1/
√

s

Oa
τγ

√
s

Ns/
√

Nb ∝
√

s Ns

Nb

Figure  2  illustrates  the  constraints  on  the  tau  lepton
magnetic  and  electric  dipole  operators,  with  solid  black
lines indicating the   discovery potential for anomalous
interactions as a function of collision energy  . Dashed
lines  delineate  the    limits  on  the  Wilson  coefficients,
predicated in the absence of  deviations from SM predic-
tions at the collider. Notably, the constraints on the mag-
netic  dipole  moment  operator,  ,  is  significantly  more
stringent than those for the electric dipole moment oper-
ator,  . This distinction is attributed to the interference
of   with  SM  processes,  a  phenomenon  not  observed
with   due to its differing   properties. Moreover, the
figure reveals a variation in constraints with the collision
energy.  For  ,  constraints  weaken  as    increases,  a
relationship  quantitatively  described  by  .
This  trend  indicates  that  the  signal-to-background  ratio
diminishes  with  higher  collision  energies.  Conversely,
constraints on   strengthen with increasing  , follow-
ing  the  relationship  .  Here,    represents
the number of signal events generated by operator contri-
butions,  while    denotes  the  number  of  background
events predicted by the SM.

5σ
2σ

To elucidate  the  constraints  on  the  Wilson   coeffi-
cients more effectively, Table 2 details the   discovery
potential  and    exclusion limits  at  a  benchmark   colli-

 

√
s L = 3000 fb−1

5σ

2σ

Fig. 1.    (color online) Potential on the Wilson coefficients as
a function of the collision energy  , assuming 
and  the  cut-off  scale  is  the  electroweak  scale  v.  The  black
lines  denote  the    discovery  capacity  boundary,  and  the
dashed blue lines represent the   potential boundary.

 

2σ 5σ

e+e−
Table  2.         (left  side)  and  (right  side)  potentials  on
Wilson  coefficients  at  the    collider with  a  collision   en-
ergy of 7 GeV and an integrated luminosity of 3000 fb–1.

|Re[LV ]| < 0.057 |Re[LV ]| > 0.141

|Im[LV ]| < 0.12 |Im[LV ]| > 0.31

|Leγ | < 0.0036 |Leγ | > 0.0091

|La
eγ | < 0.008 |La

eγ | > 0.020

|Lτγ | < 0.0012 |Lτγ | > 0.0031

|La
τγ | < 0.16 |La

τγ | > 0.25

 

√
s L = 3000 fb−1

5σ

2σ

Fig.  2.      (color  online)  Potentials  on  the  Wilson  coefficients
as a function of collision energy  , assuming  ;
the cut-off scale is the electroweak scale v. The black lines de-
note the   discovery capacity boundary, and the dashed blue
lines represent the   potential boundary.
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√
s = 7sion energy of   GeV. 

B.    Results within the SMEFT

1/v2

1/Λ2

OS

In this  subsection,  we  explore  the  derivation  of   con-
straints on dim-6 operators in the SMEFT [28] by utiliz-
ing results obtained in the LEFT [26, 27]. We assume the
cut-off scale (Λ) for operators in the SMEFT to be 1 TeV
in  numerical  calculations.  This  derivation  is  facilitated
through  the  application  of  ''matching''  [29−31].  The
“matching” process should ensure that the coefficients of
corresponding operators in the LEFT and SMEFT are of
the same order  of  magnitude.  Specifically,  as  the  coeffi-
cient in the LEFT is of the order  , we retain results in
the  SMEFT up  to  the  order  of  .  It  should  be  noted
that the operator   cannot be obtained from the SMEFT
dim-6 operators. Then, we utilize the results from the oth-
er  5  operators  of  the  LEFT,  as  listed  in  Table  1,  which
were derived for the 7 GeV lepton collider with an integ-
rated luminosity of 3000 fb–1 to constrain the correspond-
ing operators in the SMEFT.

OVFor  the  four-fermion  operator  , the  matching   res-
ults are 

1
v2
Re[LV ] =

1
Λ2

Re
[
Ceττe

le

]
, (20)

 

1
v2
Im[LV ] =

1
Λ2

Im
[
Ceττe

le

]
, (21)

1/Λ2 Ceττe
le

(l̄eγ
µlτ)(τ̄γµe)+h.c.

le (lτ)
e (τ)

LV

Ceττe
le

up to the order  of  ,  where   denotes  the Wilson
coefficient  of  the  operator    in  the
SMEFT.  Here,    denotes  left  hand  electron  (tau)
lepton,  and    denotes  the  right  hand  electron  (tau)
lepton. Based  on  the  constraints  on  the  real  and   imagin-
ary  parts  of  ,  we  can  obtain  that  the  5σ  discovery  re-
gion for   is as follows: 

|Re
[
Ceττe

le

]
| > 2.33, |Im

[
Ceττe

le

]
| > 5.12. (22)

2σGiven  the  null  result,  the    consistent  region  is  as
follows: 

|Re
[
Ceττe

le

]
| < 0.94, |Im

[
Ceττe

le

]
| < 1.98. (23)

Oτγ Oa
τγ

(l̄τσµντ)τI HW I
µν (l̄τσµντ)HBµν OτW

OτB

Next, we  focus  on  the  tau  lepton  magnetic  and  elec-
tric  dipole  operators    and  .  They  can  be  derived
from   and  , referred to as 
and   in the SMEFT. The correspondence between the
Wilson  coefficients  for  these  operators  in  the  LEFT and
SMEFT are  established via  the  following matching  rela-
tions: 

1
v

Lτγ =
v√
2Λ2

[cWRe [CτB]− sWRe [CτW]] , (24)

 

1
v

La
τγ =

v√
2Λ2

[cWIm [CτB]− sWIm [CτW]] , (25)

sW = sinθW cW = cosθW θW
CτB CτW

OτW OτB
OτW OτB

5σ

2σ

where    and  .  Specifically,    de-
notes the weak mixing angle, and   and   denote the
Wilson coefficients of   and  , respectively. We dis-
play  the  constraints  on   and    in Fig.  3.  The  gray
shaded area represents the parameter space that could be
probed with a   confidence level.  Conversely,  the blue
shaded area indicates the parameter space that aligns with
SM  predictions,  assuming  a  null  result  at  a    confid-
ence level.

Oeγ Oa
eγ

(l̄eσ
µνe)τI HW I

µν (l̄eσ
µνe)HBµν

Finally, we discuss the electron magnetic and electric
dipole operators   and  , respectively, which are de-
rived from the operators   and  ,
respectively.  The  relations  between  Wilson  coefficients
are  similar  to  those  in  the  τ  lepton case  and  can  be   ex-
pressed as 

1
v

Leγ =
v√
2Λ2

[cWRe [CeB]− sWRe [CeW]] , (26)

 

1
v

La
eγ =

v√
2Λ2

[cWIm [CeB]− sWIm [CeW]] , (27)

CeB CeW OeB

OeW

where   and   denote the Wilson coefficients of 
and  , respectively.

OeB OeW

5σ

The constraints on   and   are illustrated in Fig.
4,  where  the  gray  shaded  area  represents  the  parameter
space  that  could  be  probed  with  a    confidence  level.
Conversely, the blue shaded area indicates the parameter

 

CτW CτB√
s L =

3000 fb−1 Λ = 1 TeV
5σ

2σ

Fig. 3.    (color online) Potentials on the real part (a) and im-
age part (b) of Wilson coefficients   and   under SMEFT
with  respect  to  the  collision  energy  ,  assuming 

  and  .  The  gray  diagonal  area  denotes  the
  discovery  capacity  boundary,  and  the  blue  diagonal  area

represents the   potential boundary.
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2σ
space  that  aligns  with  SM  predictions,  assuming  a  null
result at a   confidence level. 

V.  CONCLUSIONS

In this study, we explored four-fermion operators and

e+e−→ τ+τ−

√
s = 7

OV OS

dipole  operators  through  the  process    at  the
STCF and  Belle  II  with  a  benchmark  collison  energy  of

 GeV. Instead of specific NP models, we selected
high dimension operators to characterize the interactions.
We focused on the operators which cannot interfere with
the SM process. They are mainly derived from QED cur-
rent  interactions,  namely  operators  that  include  different
chiralities. To highlight the operators' contributions at the
leading  order,  we  considered  the  collision  of  polarized
initial beams, where the interference between NP and the
SM  begins.  First,  we  investigated  the  potential  on  the
four-fermion operators   and   as well as the magnet-
ic  and  electric  dipole  moments  of  the  tau  and  electron
leptons  in  the  LEFT,  although  the  magnetic  and  electric
dipole  moments  of  the  electron  were  significantly  more
constrained  [39−41] with  EDM  and  MDM   measure-
ments. For  completeness,  we also  included these  operat-
ors in our analysis. We then translated the results for the
operators  in  the  LEFT to  constraints  on  the  operators  in
the  SMEFT  using  the  "matching"  expressions,  which
provide  the  relations  of  the  Wilson  coefficients  in  these
two bases.
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Fig. 4.    (color online) Potentials on the real part (a) and im-
age part (b) of Wilson coefficients   and   under SMEFT
with  respect  to  collision  energy  ,  assuming 
and  . The gray diagonal area denotes the   discov-
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the   potential boundary.

Probing dipole operators and four-fermion operators at low-energy lepton colliders Chin. Phys. C 48, 093104 (2024)

093104-7

https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1007/JHEP11(2021)218
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1103/PhysRevD.95.015022
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.3390/universe8090480
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1016/j.physletb.2023.138144
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP09(2020)187
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP08(2023)026
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP10(2019)089
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1007/JHEP04(2022)110
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1007/JHEP08(2017)055
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.1103/PhysRevLett.131.161802
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.22323/1.398.0428
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1140/epja/i2019-12828-9
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1142/S0217751X19500763
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.1103/PhysRevLett.123.011801
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.22323/1.398.0275
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.100.115016
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.103.015008
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.91.094009
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1103/PhysRevD.104.035043
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1007/JHEP06(2021)138
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1016/j.physrep.2018.11.002
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP06(2017)143
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
https://doi.org/10.26524/jap14
http://dx.doi.org/10.1007/JHEP03(2018)016
http://dx.doi.org/10.1007/JHEP03(2018)016
http://dx.doi.org/10.1007/JHEP03(2018)016
http://dx.doi.org/10.1007/JHEP03(2018)016
http://dx.doi.org/10.1007/JHEP03(2018)016
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevD.102.055012
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevLett.131.241801
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/PhysRevD.107.075028
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1038/s41586-018-0599-8


 J. Aebischer, W Dekens, E. E. Jenkins et al., JHEP 07, 107
(2021)

[39]

 G. Isidori, J. Pagès, and F. Wilsch, JHEP 03, 011 (2022)[40]
 T. Kobayashi, H. Otsuka, M. Tanimoto et al., JHEP 08, 013
(2022)

[41]

 G. Moortgat-Pick et al., Phys. Rept. 460, 131 (2008)[42]
 Howard  E.  Haber.  In 21st  Annual  SLAC  Summer  Institute
on  Particle  Physics:  Spin  Structure  in  High-energy
Processes (School: 26 Jul - 3 Aug, Topical Conference: 4-6
Aug) (SSI 93), pages 231–272, 4, 1994

[43]

 V. Barone, A. Drago, and P. G. Ratcliffe, Phys. Rept. 359, 1
(2002)

[44]

 T. G. Rizzo, JHEP 02, 008 (2003)[45]

 M.  Achasov  et  al.,  Front.  Phys.  (Beijing)  19(1),  14701
(2024)

[46]

 W.  Altmannshofer  et  al.  PTEP  2019(12):  123C01  (2019)
[Erratum: PTEP 2020, 029201 (2020)]

[47]

 M. Tanabashi et al., Phys. Rev. D 98(3), 030001 (2018)[48]
 M.  Fabbrichesi  and  L.  Marzola,  Dipole  momenta  and
compositeness of the τ lepton at Belle II, 1, 2024

[49]

 I. Adachi et al., Phys. Rev. D 108(3), 032006 (2023)[50]
 G. H. Zhou, J.  L. Y. Günther, Z. S. Wang et al., JHEP 04,
057 (2022)

[51]

 S. Dey, C. O. Dib, J. C. Helo et al., JHEP 02, 211 (2021)[52]
 K. Ehatäht, M. Fabbrichesi, L. Marzola et al., Phys. Rev. D
109(3), 032005 (2024)

[53]

Yanyan Hu, Xinheng Guo Chin. Phys. C 48, 093104 (2024)

093104-8

https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP07(2021)107
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP03(2022)011
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1007/JHEP08(2022)013
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/j.physrep.2007.12.003
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1016/S0370-1573(01)00051-5
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1088/1126-6708/2003/02/008
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
https://doi.org/10.1007/s11467-023-1333-z
http://dx.doi.org/10.1093/ptep/ptz106
http://dx.doi.org/10.1093/ptep/ptz106
http://dx.doi.org/10.1093/ptep/ptz106
http://dx.doi.org/10.1093/ptep/ptz106
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1103/PhysRevD.108.032006
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP04(2022)057
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1007/JHEP02(2021)211
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005
https://doi.org/10.1103/PhysRevD.109.032005

	I INTRODUCTION
	II THEORETICAL SETUP
	A Polarizations of colliding beams
	B Asymmetric observables

	III ANALYTICAL RESULTS
	IV NUMERICAL RESULTS
	A Discovery and test potential on operators in the LEFT
	B Results within the SMEFT

	V CONCLUSIONS
	REFERENCES

