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Abstract: We investigate the possibility of detecting the leptophilic gauge boson Zy predicted by the U(1)L,-r,

model via the processes e*e” — (T Z(Zy — {*¢7) and e*e” — (" Z(Zy — vpvy) at the Circular Electron
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the expected sensitivities of the CEPC to the parameter space at the 1o, 207, 307, and 50 levels.

Keywords: light gauge boson Z,, U(1);..;, model, Circular Electron Positron Collider

DOI: 10.1088/1674-1137/ad255

I. INTRODUCTION

The Circular Electron Positron Collider (CEPC) [1] is
a particle physics research program of great scientific sig-
nificance and has great potential. The concept of the
CEPC is developed in the context of many international
large colliders, such as the Large Hadron Collider (LHC)
at the European Center for Nuclear Research (CERN). In
contrast to previous colliders with high energy consump-
tion and costs as well as the pressure of data processing
and storage, the CEPC has unique features and advant-
ages. Firstly, the CEPC is an electron collider in which
positrons and electrons collide with each other to pro-
duce high-energy particle events. Unlike hadron colli-
sions, electron collisions produce particle events that are
much clearer and more controllable, facilitating precise
measurements and particle identification. Secondly, the
CEPC plans to build a highly detailed detector that will
be able to capture and record all the important informa-
tion in particle collisions, providing physicists with a
large amount of data to study the behavior of elementary
particles. In addition, the CEPC will invest significant ef-
fort in improving data processing and storage techniques
to cope with the high density of collision data. Finally,
the CEPC has a much brighter and cleaner experimental
environment. The standard model (SM) observables can

be studied with unprecedented precision, and the preci-
sion of many electroweak observables can be improved
by an order of magnitude or more. Therefore, the CEPC
offers an unmatched opportunity for precision measure-
ments and searches far beyond the standard model (BSM)
physics.

Among the many new physics (NP) scenarios, a class
of models can predict the existence of leptophilic gauge
boson Z,; this kind of new neutral gauge boson arises due
to the extension of a group in the standard model (SM)
with the U(1),,-., for x,yef{eu,v} [2—4]. The global
symmetry U(1);,;, can be introduced to the SM, which
is anomaly-free, without any additional particles [5, 6].
When the U(l),,-,, gauge symmetry is spontaneously
broken, the leptophilic gauge boson Z, gains mass. This
class of models can be a good solution to solve some
problems in the SM, such as the neutrino mass and mix-
ing problem [7-9], the dark matter dark energy problem
[9—-12], and the muon anomalous magnetic moment prob-
lem [13—15]. In our paper, we discuss the possibility of
probing this class of the leptophilic gauge boson Z, at the
CEPC.

The study of the leptophilic gauge boson Z, is an im-
portant step in exploring NP. The Z, boson can be pro-
duced at current collider experiments. For example, at the
LHC, the leptophilic gauge boson Z, is mainly produced
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via the Drell-Yan process, where the Z, is radiated from
the final-state leptons; the constraints on the Z, boson can
be given via the processes pp — 4€,3€+ EWs$, 20+ Emss,
or 1£+E* [16—19]. At the KEKB collider, the lepto-
philic gauge boson Z, is produced via the process
ete” - utu Z(Z, »ptu”) in the framework of the
U(1)p,-r, model in the small mass range Mz <10 GeV
[20]. The processes e*e™ — Z, — £*¢~ or gg [21] and
ete” > yZ.(— ¢ ,utu") [22] can also be used to search
for the Z, boson at the LEP and BABAR. Most of the
LHC (and Tevatron) bounds coming from resonance
searches do not directly apply to such a neutral leptophil-
ic sector. The relevant collider constraints of the U(1),,
model mainly come from the LEP and are generally much
weaker than the direct LHC constraints applicable for
hadrophilic resonances [23]. Therefore, the futuree®e”
colliders are uniquely capable of probing the leptophilic
gauge boson Z, to unprecedented mass and coupling val-
ues. Previous studies [24, 25] have investigated the sens-
itivity of the process e*e” — Z,y to explore the leptophil-
ic gauge boson Z, in future e*e” colliders. In general,
properties of any new particle can be studied via differ-
ent processes, even for the same collider experiments.
Furthermore, we find that there are few studies that
search for the gauge boson Z, predicted by the U(1)., -y,
model via four-lepton final state processes at future e*e”
colliders; hence, we propose searching for this kind of
leptophilic gauge boson Z, via the processes
ete” > Z(Z, > ¢¢) and ete” - (' Z(Z, - vvp)
at the 240 GeV CEPC. We expect these processes to give
better sensitivities in the certain mass range.

The remainder of the paper is organized as follows.
Section II briefly introduces the U(1),-;, model and
summarizes the constraints of existing experiments on the
model. Based on the details of the analysis of the Z, sig-
nal processes e*e™ = (" Z(Z, » {*¢")and e*e” — (T Z,
(Z;, — v;v;) and the relevant SM backgrounds, the sensit-
ivity projections of the CEPC to the U(1).,-;, model
parameter space are presented and compared with other
experimental results in Section III. Finally, the conclu-
sion and discussion are given in Section IV.

II. THE U(1),,;, MODEL

The U(1).,-, model [2—4] comprises the SM gauge
group SUB)c®SU2),®U(1)y expanding a U(l),,,
group without introducing an anomaly. This surprising
feature is the main motivation considered here. For con-
venience, in Table 1, we list the lepton charges for the
U(1).,-r, models. Here, e, u, and 7 are three generations
of charged leptons; v,, v,, and v, represent the corres-
ponding left-handed neutrinos, respectively.

The Lagrangian part of the U(1);,;, model can be
written as

Table 1. Lepton charges corresponding to the U(1)r,-r,
models.
Charge
Model
e, Ve HsVu TV
Le—-Ly 1 -1 0
Le-L: 1 0 -1
1
L;l_LT 0 Le_E(Lu"'LT) -1
1 1 1
Le= 5 (Ly+ L) 1 -5 3
Le+2(Ly+Ls) 1 2 2

L(Z)= - Z [Qc(eyse+VeYoPLve) + Ou(fyapt + VY Prvy)

1 1
+ QT(‘?’Y(YT + VTYQPLVT)] - Znyvaﬂv + Eméxzxﬂzxus
(1)
where the gauge coupling constant is denoted as g’;
1 . - .
P, = 5(1 —1vs) is the left chirality projector; and Q., Q,,

and Q. correspond to the charges of leptons of three gen-
erations in the U(1);,-;, model. The Z,~ field strength
tensor can be written as

nyv = aprv - 6vay~ (2)

Before we discuss the experimental constraints on the
gauge boson Z,, we present the decays of the Z, boson.
The partial decay width of Z, — ¢*¢~(v,v,) for a single
flavor lepton is given by

') \2 2 T A2
[z, - )= 8L Mz () 2m A
127 M3, M3
3)
’ ZM
[z, - vy = &2 Mz )

24

In the U(1).,-;, model, the gauge boson Z, can only
couple to two flavor leptons; therefore, the decay chan-
nels of the Z, boson are as follows:

Zioee, Ziop i, Zoovye, Ze > v, (5)

Since Mz, > M,, we can neglect the mass of the lepton in
Eq. (3), which gives the total width of the gauge boson Z,
as

g12
le = 7MZX~ (6)
Vi¥ig

There are two possible ways to discover the Z, boson.
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On the one hand, the Z, boson is heavy at the current en-
ergy, and we would need a higher energy to find it. On
the other hand, it may be that the Z, mass is very small,
and the coupling to the particles in the SM is weak (simil-
ar to the search for the Higgs boson); hence, researchers
search for it by directly or indirectly producing it at fu-
ture colliders. In our work, we prefer the latter .When the
boson Z, has a small mass, the v mass is heavy and un-
stable, and we mainly consider that the Z, boson couples
only to the e and u subsets and their corresponding neutri-
nos in the U(1),,-;, model. Some existing constraints on
the leptophilic gauge boson mass Mz, and coupling g’ in
the U(1),-;, model are summarized in Ref. [26]. The
LEP bounds give the most stringent bounds in the larger
mass range M, <10° GeV at 1o(20) via ete” — ("
processes. CMS investigated the final state 4y for the
case that all muons originate from the decay of an (al-
most) on-shell Z boson, offering good sensitivity for 10
GeV <My <60 GeV. The strongest constraints on the
coupling g’ with the 10-60 GeV mass range come from
the LHC at a 95% confidence level (CL). The g’ can be
as low as 2x 1072 [19, 23]. The production of a muon-an-
timuon pair in the scattering of muon neutrinos in the
Coulomb field of a target nucleus gives a strong bound,
e.g., neutrino trident production [27, 28]. A combination

of measurements of the trident cross section from
CHARM-II [29], CCFR [30], and NuTeV [31] imposes a
bound of ¢’ <1.9x107°M /GeV on the U(1),,-;, model
[23]. The sensitivities from (g—2). and (g—2), on g’ in
the U(1);,-;, model are also considered; their results are
in the range 0.2—1 and 4x1072-1, respectively [23,
32—40]. Hence, we proposethe process e*e™ — £+ Z(Z, —
¢~ or vy in the U(l),, model with 10 GeV
< M7 <60 GeV to progress further in the search for ex-
pected sensitivities of the Z, boson at the v/s =240 GeV
CEPC.

III. SEARCHING FOR Z, AT THE CEPC

The main Feynman diagrams of the signal process
ete” > " Z(Z,— "t or v are shown in Fig. 1,
which can be expanded into the following four processes:
ete” meteZ(Z, s eteT) veteete, eteT s utuZ(Z,
SPP)ppt,  eteT s ete Z(Z o v v) o ete
veV,, and e*e” — utu Z(Z, — v,v,) - utuv,v,. In Fig.
2, we present the cross sections of four signaling pro-
cesses and the corresponding backgrounds. The numeric-
al results for the cross sections are imposed on the basic
cuts. We make the transverse momenta of the leptons
Pr(£) greater than 10 GeV, and the absolute value of the

Fig. 1.

o (e'e—=1"1Z~1"1"1"1") [pb]

107 1 1
20 30

M, [GeV]

(a)

60

Fig. 2.
g =0.01 Gev!.

(b)

()

Main Feynamn diagrams for the process e*e™ — £*¢~Z(Z, — *¢~ or v,v;) within ¢ € {e,u}.

o (e'e —1"17Z~1"1vv) [pb]

20 30 40 60

My, [GeV]

(b)

(color online) Cross sections of the signal and background processes as functions of the mass Z, when the coupling limits
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lepton pseudorapidity 7, needs to be less than 2.5. These
basic cuts are then summed up as

Pr(€) > 10 GeV, [, |<2.5. @)

When the leptophilic gauge boson Z, decays to a pair
of neutrinos, the beam polarizations can help further sup-
press the SM backgrounds to enhance the signals [41].
Therefore, in the right panel of Fig. 2, we show the polar-
ized cross sections of the e*e™ — £*¢("v,v, processes with
the beam polarization configurations (P.,P,-) = (-30%,
+80%). The solid lines represent the signal cross sections,
and the dashed lines represent the SM background cross
sections. The cross section ranges of signal processes
ete” —e‘e vy, and e‘e” —putuv,y, for 10GeV <
M; <60 GeV are 3.24x10™* - 1.6x107 pb and
1.7x10™ — 2.24x10™* pb , respectively, with g’ =0.01
GeV~!. For the above two processes, the background
cross sections are 0.04823 pb and 0.03663 pb, respect-
ively.

The left panel shows the Z, boson decaying to a pair
of leptons. We consider the effect of polarization on the
process Z, — {*¢~, but the variations in the cross sections
are not significant; hence, we do not impose beam polar-
izations on the cross sections. The solid-red and solid-
black lines represent the cross sections of the signal pro-
cesses ete” —eteTete” and ete” — utuutu, respect-
ively. The numerical results are 2.31x 107 — 4.24x107*
pb and 2.49x 107 — 8.91x10~° pb, respectively, in the
mass range 10 GeV < M; <60 GeV when the coupling
constant g’ =0.01 GeV~'. The dashed-red and dashed-
black lines represent the cross sections of the background
processes e*e” — e*e"e*e”(0.01477 pb) and efem —
wHr s (0.001899 pb), respectively. The cross sections
of signals in the parameter region are smaller than the
cross sections of corresponding SM backgrounds.

Next, we used FeynRules [42] to simulate the signals
to produce a model file output in the UFO format. Then,
all signal and background events were simulated using
MadGraph5 [43]; the parton shower and hadronization

( scaled to one )
o
o
4

I\HlHH‘H\\‘HH‘\\H),

N. of (mu-, mu+) pairs ( scale

I L
05 1 1.5 2 25 3 35 4

AR [ mu-, mu+ ]
(a)

Fig. 3.

were carried out with Pythia8 [44], while the detector
simulation was performed using MadAnalysis5 [45] and
Delphes3 [46]. In our analysis, we generate, in each case,
10k signal events in an interval where the mass of Z, in-
creases in order from 10 GeV to 60 GeV, with 500k
events for backgrounds.

A. Visible decay channel Z, — ¢~

To further improve event selection, the signal and
background distributions of the angular separation AR
between two muons, which is defined as
AR = +/(2¢)* +(An)?, and invariant masses M(u*,u”) are
shown in Fig. 3. We can see that the background and sig-
nal have very distinctive characteristics. In particular, for
the distribution of invariant masses M(u*,u”), the peaks
in M(ut,p) still denounce the presence of signals, mak-
ing the distinction against the smooth background easy.
We select M(u*,u™)— Mz, <5. AR is greater than 0.5 for
Z, mass from 10 GeV to 30 GeV and greater than 0.7
when the Z, mass is in the mass range 30 — 60 GeV for
the process e*e” — u*p . Based on the characterist-
ics of the kinematic distributions, the selected cuts are lis-
ted in Table 2. After these improved cuts are applied, the
SM background is significantly depressed. We take a sig-
nal benchmark point every 10 GeV in the 10 — 60 GeV
mass interval and display the cross sections of the signal
and background after applying the above selection cuts
for these benchmark points for g’ = 0.01 GeV~' at the 240
GeV CEPC with £=5.6 ab™! in Table 3. We also show
the statistical significance (SS) in the last column of Ta-
ble 3, which is defined as SS =S/ VS + B, where S rep-
resents the number of signal events, and B represents the
number of background events. The 1o, 20, 30, and 50
regions in the g’-M;_ plane are plotted in Fig. 4. The ex-
pected bounds on g can reach 6.2x107 (8.1x107%)
GeV™! at 30 (50) levels. For the same signal process for
the mass Mz, < 10 GeV, Ref. [20] provides the upper lim-
iton g’ at SS = 1o level; however, we can provide the SS
at 30 (50) levels for the mass range 10—-60 GeV. Thus,
the CEPC has the potential to discover the Z, boson in

e
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(color online) Normalized distributions of AR (a) and M(u*,u~) (b) from the signal and background events for different Mz,

benchmark points for the process e*e™ — u*u~u*u~ at the CEPC with /s =240 GeV and £=5.6 ab™!,
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the considered mass range.

For the case where the gauge boson Z, decays into a
pair of electrons, the kinematic distributions of the signal
process ete” — e*eee”, AR, .-, N, and M(e*,e”) are
shown in Fig. 5. The mass of Z, is greater than 40 GeV,
and the distributions of the peaks of 7,- and 7,+ are shif-
ted. Therefore, we divide the mass range into two seg-
ments of 10—40 GeV and 40 — 60 GeV when we select

the effective cuts. Ultimately, we summarize the specific

Table 2. Improved cuts for the process e*e™ —uu utp.

Mass
Cut
10 GeV < Mz, <30 GeV 30 GeV < Mz, <60 GeV
Cutl AR>0.5 AR>0.7
Cut2 Mt )Mz, <5 M@t pr)-Mz, <5
Table 3. Cross sections of the signal and background after

imposing the improved cuts for g’ =0.01 GeV~' at the CEPC
with s=240 GeV and £=5.6 ab™! for the process e*e” —

T T

Cross sections for signal (background)/fb

Mgz, /GeV Basic cuts Cutl Cut2 SS
10 24852x1072  24804x 1072 2.3443x10°2  4.7640
(1.899) (1.894) 0.112)
20 6.7516x 1072 6.7369x 1072 6.3763x1072  7.4520
(1.899) (1.894) (0.346)
30 8.2532x 1072 82393x1072  7.8353x1072  7.1090
(1.899) (1.894) (0.601)
40 8.7872x 1072 8.7711x 1072 8.3870x1072  6.4464
(1.899) (1.894) (0.864)
50 8.8983x 1072  8.8865x 1072 8.5551x 1072  5.8548
(1.899) (1.894) (1.109)
60 8.8160x 1072  8.8096x 1072  8.5297x1072  5.3669
(1.899) (1.894) (1.325)
60
e 10
50 20
_ * 30
3 40 . 50
O,
s 30
20
10

0.000 0.602 0.004 0.006 0.008 0.010

g

Fig. 4. (color online) 1o, 20, 30, and 50 regions for the
process ete” — ptu~utu~ at the CEPC with +/s =240 GeV and
£=56 ab”! in the g’-Mz, plane.

cuts in Table 4. After applying improved cuts, the cross
sections of the signal and the background are shown in
Table 5. We also present the regions of SS at 1o, 207, 30,
and 50 levels in Fig. 6. As can be seen from the figure,
the sensitivity projections of Z, become weaker with in-
creasing mass, and there is a significant dip at Mz, =30
GeV with g’ =5x107 GeV~'. By comparing the above
two processes, the four-electron final state is more sensit-
ive to discovering the Z, boson.

B. Visible decay channel Z, — v,v,

If the Z, boson decays to a pair of neutrinos, the pro-
cesses ete” — e*e v,v, and e*e” — u*u"v,v, have larger
cross sections compared to those for the case when the Z,
boson decays to a pair of leptons. For the process
ete” — utuv,v,, according to the kinetic distributions in
Fig. 7, the transverse momentum Pr({), invariant mass
M(u*,u™), angular separation AR between two muons,
and transverse energy Er are improved cuts, as presented
in Table 6 for the entire mass range Mz =10 — 60 GeV.
Optimized cuts might preserve as many signal events as

Table 4. Improved cuts for the process ete™ —ete ete™.

Mass

Cut

10 GeV < Mz, <40 GeV 40 GeV < Mz, <60 GeV
Cutl AR>0.7 AR>1
Cut2 N~ >—1.4 e~ >—1.1
Cut3 e+ < 1.4 ne+ < 1.1
Cut4 M(et,e")-Mz, <5 M(et,e")-Mz <5
Table 5. Cross sections of the signal and background after

imposing the improved cuts for g’ =0.01 GeV~! at the CEPC
with /s=240 GeV and £=5.6 ab~! for the process ete” —

eteTete.

Cross sections for signal (background)/fb

Mz, /GeV Basic cuts  Cutl Cut2 Cut3 Cut4 SS
10 0.2317  0.2178 0.1965 0.1784 0.1533 10.7950
(14.77)  (14.18) (12.30) (10.77) (0.9745)

20 03526 0.3360 03124 0.2905 0.2465 10.9270
(14.77)  (14.18) (12.30) (10.77) (2.602)

30 0.4241 04061 03765 0.3495 03027 10.2330
(14.77)  (14.18) (12.30) (10.77) (4.596)

40 0.3876  0.3698 03323 0.2984 0.2674  8.3090
(14.77)  (14.11) (11.27) (9.133) (5.532)

50 0.3261  0.3108 0.2839 0.2588 0.2357  6.6985
(14.77)  (14.11) (11.27) (9.133)  (6.696)

60 0.2672  0.2544 0.2338 0.2148 0.1984  5.3463
(14.77)  (14.11) (11.27) (9.133) (7.508)
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Fig. 6. (color online) 1o, 20, 30, and 50 regions for the

process ete” — ete"ete at the CEPC with +/s =240 GeV and
£=56 ab”! in the g’-Mz, plane.

possible. Then, we provide the signal and background
cross sections after imposing the optimized cuts for the
process in Table 7. We can see that, when the back-
ground is suppressed by two orders of magnitude, the sig-
nal is substantially preserved. Figure 8 shows the SS =
1o, 20, 30, S0 ranges in the g-M; plane;the con-
straints on the Z, boson are very strict with the coupling
constant g’ reaching 6.7 x 107 GeV~! at S = 50.

When Z, decays to v,.v,, the peak distribution of the
e* energy for the signal process e*e™ — e*e7v,v, is clearly
demarcated from the background in Fig. 9. For the low
mass range Mz =10 — 40 GeV, the e* energy retains
more signals after applying the cuts. On the contrary, for

Table 6. Improved cuts for the process e*e™ —u*u~v,v,.
Mass
Cut
10 GeV < Mz, <60 GeV
Cutl Pr(0)>5
Cut2 | Mu* )= Mz, 1< 5
Cut3 AR <4
Cut4 Er <150

the large mass range My =40 — 60 GeV, the signal
events of the invariant mass M(e*,e”) outnumber the sig-
nal events of E(e*) after improving cuts; therefore, we
add to the effective cuts at M; =40 GeV, as shown in
Table 8. Finally, Table 9 presents the cross sections of the
signal and background after the improved cuts are im-
posed on the ete™ — eTe7v,v, process, and we plot 1o,
20, 30 and 50 ranges in Fig. 10. The sensitivity projec-
tions of the Z, boson that we obtain are very strict for the
process, especially in the region of mass M, =10 — 40
GeV. In contrast to the three processes mentioned above,
this process is more sensitive to the Z, boson.

IV. CONCLUSION AND DISCUSSION

Recently, there have been many studies related to the
leptophilic gauge boson Z,. The search for the mass range
of 10-500 GeV Z, in the U(1),,,, model is widely stud-
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Fig. 7.  (color online) Normalized distributions of Pr(¢) (a), M(e*,e”) (b), AR (c), and Er (d) from the signal and background events
for different Mz, benchmark points for the process e*e™ — u*u"v,v, at the CEPC with +/s =240 GeV and £L=5.6 ab™!.

Table 7.

PV

Cross sections of the signal and background after
imposing the improved cuts for g’ =0.01 GeV~! at the CEPC
with s=240 GeV and L£=5.6 ab™! for the process e*e™ —

Cross sections for signal (background)/fb

Fig. 8.

10
0.000

* 10
20

0.002

0.004 0.006 0.008 0.010
g

(color online) 1o, 20, 30 and 50 regions for the pro-
cess ete” - utuv,v, at the CEPC with +s=240 GeV and
L£=56 ab~! in the g’-Mz, plane.

meter space around the electroweak scale for us to ex-

plore the Z, boson [23]. Thus, we can search for theZ,
10.5890 predicted by the U(1),-;, model at the CEPC to facilit-
ate the extension of the sensitivity of Z, or stricter coup-
9.9480 lings. In our study, we investigate the prospects of the

Mgz, /GeV Basic cuts  Cutl Cut2 Cut3 Cut4 SS
10 0.1708  0.1706 0.03665 0.03665 0.03665 5.4300
(36.63)  (36.59) (0.2205) (0.2205) (0.2200)

20 0.2122 02215 0.1054 0.1054 0.1054 10.1420
(36.63)  (36.59) (0.4993) (0.4993) (0.4985)

30 0.2216 02215 0.1317 0.1317 0.1317 11.0030
(36.63) (36.59) (0.6723) (0.6721) (0.6711)

40 0.2229 02215 0.1317 0.1317 0.1414 10.8980
(36.63)  (36.59) (0.8064) (0.8056) (0.8046)

50 0.2205  0.2204 0.1467  0.1467  0.1467
(36.63)  (36.59) (0.9205) (0.9195) (0.9195)

60 0.2153  0.2153 0.1443  0.1443  0.1443
(36.63) (36.59) (1.037) (1.036) (1.034)

CEPC to unravel the NP associated with a new weak in-

teraction, and the gauge bosonZ, only couples to the e

and u subsets in the U(1),,-;, model.

ied at the LHC. However, the search for a small mass of

Z, is very limited in the U(l).,-,, model at the future
e*e” colliders. It is evident that there is still a large para-
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We investigated the sensitivity of the CEPC with

/5 =240 GeV and £=5.6 ab™! to the coupling paramet-
er g’ for Mz =10-60 GeV. As can be seen from the four
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(color online) Normalized distributions of Pr(¢) (a), E(e") (b), and M(e*,e”) (c) from the signal and background events for dif-

ferent Mz, benchmark points for the process e*e™ — e*e™v,v, at the CEPC with /s =240 GeV and £=5.6 ab™!.

Table 8. The improved cuts for the process ete™ —

ete Vv,
Mass
Cut
10 GeV < Mz, <40 GeV 40 GeV < Mz, <60 GeV
Cutl Pr(t)>5 Pr()>5
Cut2 E(e*)> 110 [ M(e*,e”)—Mz |<5

processes explored in the previous sections, the expected
bounds of the process e*e¢™ — e*e™v,v, on g’ can reach
1.0x107% (1.6 x107%) GeV~! for M, = 10-40 GeV at 3
(50); these are the strictest constraints on the
U(1),-,model. However, in the Z, mass range of 40— 60
GeV, the strictest constraints come from the process
ete” - utuv,v,, and the expected bounds on g can
reach 5.1x107% (6.7x107*) GeV~! at 30 (50). Com-
pared to the other three processes, the process e*e” —
wrumptum is less constrained.

In conclusion, the expected sensitivities of the four
processes to the parameter space of the U(1),,-,, models
are different. However, when we compare our numerical
results in Fig. 2 with those in Ref. [23], they are not ex-
perimentally excluded except from the process e*e™ —
pru ptu . At the same time, Ref. [24] indicates that the
sensitivity to g’ for the process e*e™ — Z,y can be as low
as 5x 107 in the mass range of 10—60 GeV at the 20
level. Our results can reach 1x 1073 for M, =10 GeV via
the process e*e™ — e*e7v,v,, and the constraints from the

Table 9.
imposing the improved cuts for g’ =0.01 GeV~! at the CEPC
with /s=240 GeV and £=5.6 ab~! for the process ete” —

Cross sections of the signal and background after

ete vev,.
Cross sections for signal (background)/fb
Mgz, /GeV Basic cuts Cutl Cut2 SS
10 1.6011 1.5658 0.49924 51.6830
(48.23) (46.75) (0.02334)
20 0.8491 0.8312 0.1709 28.9830
(48.23) (46.75) (0.02334)
30 0.5879 0.5761 0.06803 16.7940
(48.23) (46.75) (0.02334)
40 0.4583 0.4491 0.02810 9.2220
(48.23) (46.75) (0.02334)
50 0.3755 0.3677 0.1192 7.3630
(48.233) (46.75) (1.522)
60 0.3247 0.3172 0.1187 6.6180
(48.23) (46.75) (0.1187)

process e*e” — p*uv,v, can reach 4.2x107° at the 20
level in the entire mass range of 10— 60 GeV. Our numer-
ical results align with those of Ref. [24], as the same con-
clusions are applicable to the process ete™ — e*e ete™.
Hence, searching for the Z, boson predicted by the

043103-8
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Fig. 10.

10 P
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g
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0.010

(color online) 1o, 207, 30, and 50 regions for the

process e*e” — ete v,v, at the CEPC with +/s =240 GeV and
£=5.6 ab”! in the g’-M, plane.

U(1)r,-;, model at the 240 GeV CEPC via processes
ete” > (" Z.(Z, — v,v, or ) can enhance the sensitiv-

ity projections to the parameter space and promote fur-

ther exploration of future e*e™ colliders for the U(1), -,

model, providing more opportunities for further discover-

ies regarding the leptophilic gauge boson Z,.
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