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Abstract: Symmetry studies represent one of the most promising frontiers in particle physics research. This invest-

igation focuses on exploring P and CP symmetries in the charm system through the measurement of asymmetry de-

cay parameters in the three-body decay of =/ . Incorporating electron and positron beam polarization effects and util-

izing the helicity formalism, we characterize the decay of =/ and its secondary hyperons through asymmetry decay

parameters. The complete angular distribution formula for these decays has been systematically derived. Our study

=+

evaluates the sensitivity of the asymmetry parameters for the = — E-n*z" decay channel under various data

sample sizes and beam polarization scenarios. These findings establish a robust theoretical framework for future ex-

perimental studies at the STCF, providing valuable insights for symmetry investigations in the charm sector.
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I. INTRODUCTION

Charge parity (CP) violation is one of the three fun-
damental conditions required to explain the matter-anti-
matter asymmetry observed in the universe [1]. In the
Standard Model of particle physics, the quark dynamics
are descried by the Cabibbo-Kobayashi-Maskawa (CKM)
mechanism [2, 3]. While the CP violation observed in the
decays of K, B, and D mesons is well described by the
CKM mechanism [4—10], it remains_insufficient to ac-
count for the observed matter-antimatter asymmetry in
the universe [11]. Given that the observable universe is
predominantly composed of baryons, studying CP viola-
tion in baryon decays is crucial for understanding this
asymmetry. Recent experimental advancements have
provided compelling evidence for CP violation in A, ba-
ryons. For instance, the evidence of CP violation in
Ay > AK*K~ [12] decay and the first observation of CP
violation in the four-body decay of A, —» pK n*n~ [13]
have been reported at the LHCb experiment. However,
current research on CP violation primarily focuses on A,
decays, making it challenging to directly compare theor-
etical predictions involving baryon decays without b-
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quarks. This highlights the need to explore CP violation
in other baryonic systems. The two-body decay pro-
cesses of baryons can be parameterized using decay para-
meters a and @. Parity violation in baryons and anti-bary-
ons is indicated by non-zero values of « and @ [14]. Ex-
perimentally, CP symmetry is tested by comparing the
decay parameters of baryons and anti-baryons through the
CP-odd observable Acp = (@+a@)/(a—a) [15—19]. Here,
o and & represent the decay parameters of the baryon and
anti-baryon, respectively. A non-zero measurements of «
and Acp signify parity (P) and CP violations [20—24].
While two-body decays of baryons have been extens-
ively studied, identifying new sources of CP violation in
baryon decays without b-quarks is essential to unravel
this mystery and represents a critical frontier in CP viola-
tion research.

The Cabibbo-favored three-body decay of the
charmed baryon, E' — E 7*z", involves both external
and internal W-emission modes, with decay amplitudes
comprising factorizable and non-factorizable contribu-
tions. The total branching fractions of E' — E n*n* and
its isospin channel =% — Z°2%* are approximately 10%,
making them the most probable decay modes [25]. Con-
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sequently, these channels are expected to yield abundant
experimental data, facilitating the investigation of P and
CP violations at future facilities such as the Super Tau-
Charm Facility (STCF) [26].

The parameters for three-body decays cannot be dir-
ectly described by the Lee-Yang formalism [27]. There-
fore, it is necessary to define analogous decay paramet-
ers through decay amplitudes to study P and CP viola-
tions. In electron—positron collisions, the threshold en-
ergy for the process e*e” — E=. is above 4.94 GeV.
Both the upgraded BESIII experiment and the future
STCF are expected to produce Z' and = pairs. Preci-
sion measurements of the decay parameters for
Ef > Ex'nt and its isospin process EF — E2%7* will
provide critical insights to validate or exclude existing
theoretical models and test isospin symmetry through
comparative decay parameters.

The amplitude for decay E!(1;) » E~()n*n* would
indicate all information about spin and helicity of the
particles. In helicity formalism, the amplitude is model-
independent and expressed by B{l(/lz,O, 0) which has the
sum of resonances in Eq. (2). Here J = % is the spin of
mother particle, u is its eigenvalue in the body-fixed z-ax-
is that can be § or —1, and A, = +3 is the he11c1ty of &~

Then there are four degrees of freedom B} (2,0 0)

BZ (270 O)B (=5,0,0), and B2 = 5.0,0), which are de-
noted by B, for s1mp11ﬁcat10n

Similarly, the production of ! ‘and decay of =~ are
also written in helicity formalism, and the corresponding
amplitudes are listed in Table 1.If the parity is con-
served [28], the four amplitudes should satisfy the rela-
tions B] = —B+1 and By =B, _- However, the weak de-
cay process Ef = atr allows for parity violation. To
characterize parrty violation in this process, three asym-
metry parameters can be defined by following formula:

IBi [P~ 1B,
gt =———,
27 |B+%|2+|B_+%|2
|B;I* =B,
Bzt -2 72
- IBTI2+|B‘1I2’
|B+ |2+|B+ |2
SIS — - 1
Y BB @

They are an extended definitions from two-body decay,
based on asymmetry parameters in terms of partial wave
amplitudes from Lee-Yang [27] but in helicity formalism.
The parameter y=+ represents the relative magnitude of
the two types of degenerate amplitudes.

The decay E; — E-n*n* may include intermediate
resonance processes from three two-body decays:
EF - E(1530)°7" - Entnt, B - E(1620)°7 - Eatnt,

Table 1. Helicity angles and amplitudes in relative decays.
decay helicity angle helicity amplitude
¥ = EFADES (Ao) 61,91) A
Bl () = E ()t (¢2.62.42) B,
E7 () = A3)n™ (63,93) Fa,
A(43) = p(Ag)n~ (04,04) Hy,
and E - £(1690)°n* —» Z-nr*n*. Among these, the first

process is suppressed due to the spin of Z(1530)° being 2.
The intermediate states: Z(1620)° and Z(1690)° are al-
lowed and can also be described by our method. The
amplitudes are model-independent and are relative to in-
termediate states by the integration:

|B/,{2|2 :/dq)3|gl,{2(m3’7r+amE’n’ﬂmﬂ*n’*)lza (2)

where mz-+ and mz-,+ are the invariant mass of =~ with
two pions respectively, also are treated as Dalitz plots
variables [29] and the space d®; consists of Euler angles
given in Table 1. The m,:,+ is invariant mass of two pi-
ons. The integration can be estimated by using Monte-
Carlo method but is out of this study, so we keep the
amplitudes arbitrary for generality, and clarify the mag-
nitude and phase angle of an amplitude by denoting
By, =b)e % | then the four magnitudes can be rewritten in
terms of the asymmetry parameters as

b)) =1,
1—az
b+1 2 _ e ,
( ‘i) 1+az:
by = — P
z yar(l+az)’
1—pB=;
(b, = — L= )

752(1"'0'5:).

Analogous to Eq. (1), the asymmetry parameters ax-,
=, and yz. for decay of the antibaryon =] — E*a 7~
have similar expressions. With those parity parameters,

the CP violation can be characterized by

Ccp =ﬁ7_r > “4)

which have an advantage that the systematic uncertain-
ties of production and detection asymmetries are largely
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cancelled [30]. The parameters can be written in other ex-
pressions after inserting partial amplitudes. For example,
the leading-power expansion of the first parameter is re-
duced to [15, 31]

Acp x —tanAdtanAg, %)

where the relative strong phase A§ depends on final
states, and the weak phase A¢ stems from interference
between amplitudes with different partial wave configur-
ations in the same decay [32]. The amplitudes partially
derive from tree and penguin diagrams like the examples
shown in Fig. 1, where the interfered CKM matrix ele-
ments ViV,,xV:5V,ViV,, and their conjugations give
rise to the nonzero phase A¢.

The tree diagram is Cabibbo-favored, while the pen-
guin diagram is suppressed from off-diagonal elements
Vi V. Following the measured values of CKM matrix
[25], the magnitude of the weak phase shift is about
Im[-(V},V,VV.)] and  expected at order of
O(107#~107). Due to the possible suppression of the
strong phase, the magnitude of CP violation is expected
to be smaller than the expected value, and the interfer-
ence effect between the two figures in Fig. 1 also tends to
suppress the observation of the violation. If an enhance-
ment of CP violation is observed, it arises from a com-
bination of direct CP violation and potential new physics
contributions. To determine these effects, further meas-
urements need to be performed at STCF in the future.

II. HELICITY SYSTEM

In this analysis, we adopt a helicity frame to describe
the decay chain [28]. The helicity angles and amplitudes
of the E/=. production and decay are listed in Table 1,
and the corresponding angles are also shown in Fig. 2.
The momentum p; are obtained by boosting particle i to
the rest frame of its mother particle.

The angle between the E! production and the colli-
sion plane is defined as ¢;. For the three-body decay of
Ef@ - En*n*, the Euler angles (¢,,6,,y,) are used. The
system is rotated from %, to Z; following the ZYZ con-
vention. In =~ decays, a rotation from Z; to 2, is needed.
Due to the rotational invariance of helicity, this rotation
operation does not introduce any additional modifica-
tions. In fact, the angle ¢, will not contribute to integ-
rated cross sections we are interested in, and the selec-
tion of pion does not alter amplitudes since the meson's
spin is zero.

III. ANGULAR DISTRIBUTIONS

The spin and polarization information of particles can
be encoded in spin density matrix (SDM) [33, 34]. The

s
u
o
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/ > AN
s

Tree and penguin diagrams as examples for

Fig. 1.

=+ m= gt et
=Y - E"ntnt decay.
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Fig. 2.
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(color online) Definition of helicity frame at e*e”

=
c

SDM of spin-1 particles like
matrix:

is expressed by a 2x?2

=+ _PO 1 + PZ PX - iP}
2 \pvip, 1-p. )

where P, carry the unpolarized information. Polarization
P, is longitudinal part, while the information of trans-
verse polarization is taken by #, and #,. To obtain their
explicit expressions, transfer functions starting from ini-
tial collision will be solved in the following sections.
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A.

The SDM of Zf from polarized virtual photon can be
written as

E! production on ¢*e” collider

pi;,ﬂ] “Zpﬁ,x D/lljk/ll—/lo(‘pl,gl,o)

A,

XDL,J; _AO(¢1,91,0)A1,,10A31 o 6)

where Dﬁj,,lk is the Wigner-D function. For polarized
symmetric e*e” beams, if the transverse polarization in-
formation is considered, the SDM of photon is given by
[35]

| | 1 0 p:
Py =3 0 0 0, ™
Pt

where the range of transverse polarization pr satisfies
0 < pr < 1. Carrying out Eq. (6) under parity conversa-
tion, we get the unpolarized cross section which depends
on the polarization of virtual photon, that is

®)

Py =1+a.cos’6, +p§ @, sin® 6, cos 2¢; .

1 2 2 - . .
The constant ;|41 _1I"+|A1 1]" is suppressed, since it does
not contribute to the final normalized cross sections. The
angular distribution parameter «@. for efe” —» EIE] is

defined by

|As 1P =2|A1 1
_ 272 2°2

=22 272 9
|[41,_1J2 +42P41 l|2 ( )
2732 2:2

@

The transverse and longitudinal polarizations of E} are

_ —pr /1 —a?sinA;siné, sin2¢,

" 1+ a.cos20; + p2 a.sin 6, cos2¢p;
_ /1 -a2sinA;sing; cosby(1 - p7.cos2¢,)

P =
! 1 +a,cos? 6, + p2a,sin” 0 cos 2¢,
P, =0, (10)
where A; represents phase angle difference

Ay=0 =4y In symmetric electron-positron collision
experiments, the transverse polarization of the positron
and electron beams directly influences the transverse po-
larization of EF as well as Z. Though the measured val-
ues of the parity parameter of this process is lack, in the
following sections we use a.=0.7 and A; =x/6 which
are close to the measurements of strange baryons [36].

B. (1) > E (L)rirt
The information of parity violation of this three-body

decay is carried by the SDM of =Z-, which is given by
transfer equation:

2 =he 1
Pl & Z 'D/l;,/l’l D), 1(¢2,62,42)

AL

XDZ:‘”(QSZ,OZJ/’Z)B}/;ZB/;Z’ (11)

where x4 is the z-component of angular momentum of =}
whose quantization axis itself rotates under the rotation of
the system. After summing all combinations and imple-
menting simplifications, the polarization operators of =~
reduce to

Py =T0 (f5 4 5 Pysinds)

%o

2
Ps P =P, {cos A (1+P,ysind,) bib*,
2 2

Py P ( g5 +8° Pyysin 92) ,

+cosA” (1-P,,sinb,) bib:l} ,
2 2
PEPE =P, {sinN (1+P,ysin6,) bib,

y

+sinA” (I—vasinHZ) b‘lb:l}, (12)
- 2 2

where the functions = and g% carry the dynamical in-
formation of the decay via Eq. (3) and are defined by

[

fE =0+, £ [0+ (7))

e O I S [Cr S Gl PR 6!
Especially, there are g5 =0 when parity is conserved.
The transverse information from E; is involved via the
definition P,, = P,cos¢, + P, sing,. The transverse polar-
izations of =~ depend on phase differences which are
defined by A. =&, —¢7y and A" =¢% ~ {7 that lead to a
relation A, —A_+A"A* =0. There are also other defini-
tions of parity parameters for three-body system adopted
in A} - pK n* decay [37], and are relative to our para-

meters by

G =k_sinA_+k,sinA,,

G> =k_COSA_ + kK, COSA,, (14)

where
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/U xaz) T £B=)ys:

= 1+’)/EL+_

(15)

When parity is conserved, the values of parameters G,
and G, cannot be determined directly due to their un-
determined phases in Eq. (14), while az+ =gz =0 that
provides more freedoms for cross testing of parity viola-
tions.

C. Cascade decays and joint angular distributions

The dominate processes for E- decay are 2~ — An~
and A — pn~. Their helicity angles and amplitudes are
defined in Sec. II, and the asymmetry parameter of the
spin- baryons for the decay 2~ — Az~ can be defined as

|Fil*=|F_1?
— 2 2

=2 2 16
|FiP+IF_y P (16)

a=-

The parameter @, for A — pr~ has a similar expression.
The latest measurements of the two parameters are
az- =—-0.3677000° and  a, =0.746+0.008 from the
Particle Data Group (PDG) [38]. Carrying out an equa-
tion analog to Eq. (11), the unpolarized and longitudinal

parts of A can be obtained, they are

2P
P = n 6337 1 +az- cos ;P
+az sinfs (cos 3P +sing;P5 ) } , (17)
205 i
PAPA = 2P {a'g + cos P>
© 1+ = N
+sinf; (cos 3 P5 +singsPs ) } : (18)

The SDM of proton can be obtained in a same way, and
the angular distribution is given by ‘W = Trp”, which is
similar to Eq. (17) but in terms of polarizations of A.
Next the distributions for polar angles can be obtained by
integrating out other angles, and the nontrivial distribu-
tions are

dN 1+2p2
%x1+ac 3[77 cos2¢;, (19)
dN
Zeosd) ol +a,cos? 6y, (20)
dN =
oc1+a/37g—i_cosﬂ3, 20
dcosbs fE

dN
dcosb,

0C1+QEfQACOSH4, (22)

where the distribution of cos6, is free of beam polariza-
tion, and the last distribution Eq. (22) is known in Ref.
[38] while the distribution of cos@, is flat. The distribu-
tion of cosf; is effected by parity parameters of Z!
through g% /ff =(Bzr +a=ry=:)/(1+vy=:). The plots for
Eq. (19) and Eq. (21) are given in Fig. 3 and Fig. 4 re-
spectively. Under the assumption of parity conversation
that az-=0 for E >Anr or g5 = for
EX () = E (L)t nt, the distributions turn to be con-
stants respectively. Otherwise when parity violation ex-
ists, the absolute amplitudes of the distributions for cos8;
are non-zero.

The angular distribution after normalization is defined

by

W= (W(gi,¢i7ai)

(23)

[ Ti¢dcos 6,0, W (6;, 1, i)

I
=
=
0 LI' ,Ir LI" 2n
2 2
)
Fig. 3. (color online) Angular distributions of ¢; for pr =0,

0.5, 0.9 (dotted, dashed and solid lines, respectively).

»
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0.6 L : .
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cos 03
Fig. 4.  (color online) Angular distributions of cos@; for

g /f5 =0, 0.5, 0.9 (dotted, dashed and solid lines, respect-
ively).
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It is directive to define the weighted polarizations of
E! depending on 6, or ¢, by integrating out other angles
to get

4
AP0 +2a,.cos’ 0, +a’ (COS4 01+ 2L sin* 91) ’
dcos6, 2
(24)
d{P
fl(;) 5 a.(1+2p7cos2¢))
2/ g
% <1 + = p7cos2¢p; + 8pT C082(2¢1))
(25)
d
Py oc(1 - pkcos2¢))sing, , (26)
de
APy 5 .
2
b sin2¢,, (27)

and d{®.)/d¢, = 0. The corresponding plots are shown in
Fig. 5, 6, 7 and 8 respectively. The beam polarization en-
hances the polarizations distributions of ¢;, but suppress
the unpolarization distribution of cos#,.

For the observed data sample of N events, the likeli-
hood function is expressed as [39]

N
L(ei,¢i,awaE*,Q/\»an’ﬁEp')’Ej) = H(W’ (28)

i=1

where 6; and ¢; represent polar angle and azimuth angle,
and a., az-, @, =, B=r, and y=: mean decay paramet-
ers, and the product is computed based on the probability
of the i-th event ‘W;. Here, a=- and a, are fixed to PDG
values [38]. According to the maximum likelihood meth-
od, the relative uncertainty for estimating statistical sens-
itivity to parity parameter a=+ is defined as

oz = V=)

lovz; |
=}

(29)

>

where the inverse of the variance is given by

4
V- (a—+)—N/ { a/~+} Hdcos&dq)i. (30)

Indeed for identifying significance of CP violations,
the statistical sensitivity of Acp in Eq. (4) can be estim-
ated if =+ and @z are considered as non-correlation, via
error propagation formula:

"""" pr=0
1 S U T T pr="05
pr=0.9
<
wn
S 20f
=
~ o
- *
~ . (4
= st N 4
A\ /e
., &
AR s
o T
Lof RIS
-1.0 -0.5 0.0 0.5 1.0
cos 64

Fig. 5. (color online) Weighted %, as a function of cos6; for
pr =0, 0.5, 0.9 (dotted, dashed and solid lines, respectively).

d(Po)/ddr

Fis 3n 2r

SRS

Fig. 6. (color online) Weighted P, as a function of ¢; for
pr =0, 0.5, 0.9 (dotted, dashed and solid lines, respectively).

1.0
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o
[SEEYS
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Fig. 7. (color online) Weighted #, as a function of ¢; for
pr =0, 0.5, 0.9 (dotted, dashed and solid lines, respectively).

2\ fa2.5(az. P + 2 o(az: P
Oo(Acp) = . )zc , (1)

where 6(a=-) is the sensitivity for =7 system. The sensit-

C
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Fig. 8.
pr =0, 0.5, 0.9 (dotted, dashed and solid lines, respectively).

(color online) Weighted #, as a function of ¢; for

ivities 6(Bcp) and 6(Ccp) for other two CP parameters
can be defined in similar ways.

IV. NUMERICAL SENSITIVITIES

We are particularly interested in the dependence of
statistical sensitivities on asymmetry parameters and
beam polarizations. To clarify the analysis, we fix
a. =07, Ay =nr/6, and A, = A* =nx/3. We have verified
that other sets of phase angle values do not significantly
affect the statistical quantities. In the following figures,
when varying one parameter, the other two parameters
are held constant. For example, the red lines in Fig. 9 il-
lustrate the distributions of &(ez:) as functions of the
event number N, with Bz+ =0.1 and y=: = 0.5 fixed. Sim-
ilarly, the blue lines represent the distributions of §(8z+)
with @z+ =0.1 and y=: =0.5, while the green lines show
the distributions of 6(yz+) with as: =0.1 and Bz+ =0.3.
These sensitivities exhibit a negative correlation with the
absolute values of the parameters. Under our chosen para-
meter values at az+ =0.5 and B=: = 0.5, the correspond-
ing sensitivities reach 1% with about 3x10° signal
events.

In Fig. 9, The statistical significance of y=: is weak
respected to az; and Bzr under same signal events.
However, §(y=:) has strong dependence on beam polariz-
ations since its parameter is defined as the radio of two
projections of angular momentum in Eq. (1). As exhib-
ited in Fig. 10, the measurement accuracy of yz+ can be
improved due to the beam polarization contribution. The
significance of yz: is also relative to intrinsic phases dif-
ference A; according to Eq. (10). If A; reach to saddle
point 7/2,the requirement of events decreases appar-
ently and the corresponding curves are plotted in Fig. 11.
In addition, we have test that az: and B=: sensitivities are
not sensitive to py and A,.

Next we consider the sensitivity estimation on CP vi-
olation parameter according to the error propagation

1 pr e

—lotg,|=0.1 - fo[=0.5 —[B_[<0-1 B
< BI=05 _fy 101 L.ty |05 ]

g1’ ¢

[ ]

c Sl

D, Tl

010° & B T TS E

10° el e IX0°
100 200 300 400 500 600 700 800 900 1000
Expected number of events
Fig. 9. (color online) The az:, Bz+, and yz+ sensitivity dis-

tributions relative to signal yields in terms of different para-
meters. The'red solid and dashed lines represent the az:+ val-
ues of 0.1 and 0.5, respectively. The blue solid and dashed
lines represent the z+ values of 0.1 and 0.5, respectively. The
green solid and dashed lines represent the yz+ values of 0.1
and 0.5, respectively.

IR IR LU I I I I DL I I
r —p=00 —p=05 —p=09 ]
" J
Q2
=107 =
‘» ]
c ]
oy
3 ]
102 CEXEN R PR PRR PEN PPN PR PR PR vr=)>c | O
100 200 300 400 500 600 700 800 900 1000
Expected number of events
Fig. 10.  (color online) The yz+ sensitivity distribution relat-

ive to signal yields assuming yz+ =0.5. The pr values of 0.0,
0.5, and 0.9 correspond to the red, green, and blue lines, re-
spectively.

equation Eq. (31). The CP violation in charm system
should be more weak than that in bottom system [13], so
we constraint the upper limit of the parameters like
Acp <0.05 and the plot for the sensitivity of this para-
meter is shown in Fig. 12 with using the bands to display
uncertainty. The statistical significances for P and CP vi-
olations are positively correlated, but the latter one re-
quires more events to reach same sensitivities. For ex-
ample, we find the parity sensitivity is 0.01 when
N =300000, while CP sensitivity is about 0.04 by com-
paring lines in Fig. 9 and Fig. 12 for az+ =0.5. The vari-
ations of B¢p and Ccp sensitivities on different paramet-
ers are shown in Fig. 13 and Fig. 14 respectively. In the
last figure Fig. 15, we also show that the increasing of the
polarization reduce the required events under the same
significance for Ccp sensitivity.
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Fig. 11. (color online) The yz:+ sensitivity distributions relat-
ive to signal yields assuming yz+ =0.5. The A; values of /6,
n/3, and n/2 correspond to the red, green, and blue lines, re-
spectively.
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Fig. 12. (color online) The Acp sensitivity distributions rel-

ative to signal yields. The ag+ values of 0.1 and 0.5 corres-
pond to the blue and green bands, respectively.
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Fig. 3. (color online) The B¢p sensitivity distributions relat-

ive to signal yields. The gz+ values of 0.1 and 0.5 correspond
to the blue and green bands, respectively.

V. SUMMARY

The Cabibbo-favored three-body decay processes
B *n° and Ef - E-xtn* represent the most prob-

+— E0rt
able decay modes of E!. The intermediate processes
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Fig. 14. (coloronline) The Ccp sensitivity distributions rel-

ative to signal yields. The yz+ values of 0.1 and 0.5 corres-
pond to the blue and green bands, respectively.
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Fig. 15.  (color online) The Ccp sensitivity distributions rel-

ative to signal yields assuming yz+ =0.5. The red, blue, and

green lines represent the pr values of 0.0, 0.5, and 0.9, re-

spectively.
Zf - 2(1620)°7* —» Z-xtrt  and  EF — E(1690)°1t —
E-n*nt can also be measured with same method. By
measuring the asymmetry decay parameters, the P and
CP symmetries can be systematically tested. With suffi-
ciently large data samples, the precision of the decay
parameters a@=:, B=z+, and yz+ canbe significantly im-
proved. Notably, for a given data sample, the measure-
ment precision increases as the decay parameters ap-
proach 1. Experimentally, there are some challenges in
achieving controllable beam polarization. However, the
effect of beam polarization can significantly enhance the
precisions of yz+ and Acp measurements. Therefore, it is
very important to achieve a controllable beam polariza-
tion in future experiments, especially in the precise study
of CP. For instance, when the phase difference A; is
close to x/2, and decay parameters are close to 1, the
sensitivity becomes more obvious. The expected CP viol-
ation in E' —» = 7"z decay from weak interactions is on
the order of 10~ to 107>, which is suppressed respecting
to a rough benchmark number 10~ [40], and mesure-
ment for Acp and Bep will provide a good constraint to
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the total CP violation in this decay. Therefore, it is estim-
ated that at least 1.0x 10° Z*Z; events are required to ob-
serve CP violation, under the assumption of azr =0.5.
The process could serve as an excellent probe to search
for new sources of CP violation beyond Standard Model.

In this study, the sensitivities of the asymmetry paramet-

ers and CP for the decay Ef — E-n*nt are evaluated un-
der various data sample sizes and beam polarization con-
ditions. This work marks the first investigation of P and
CP violation in the three-body decay of Z;, providing es-
sential theoretical support for future experiments, such as
STCF.
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