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This report is based on our works:

"Searching for the light gauge boson Z,,_ via tth, production at
LHC" [Int.J.Mod.Phys.A33(2018)no.21,1850124].

"Searching for the light gauge boson 7, via Higgstrahlung process in
the U(1); _; model at eTe™ colliders”
I T

[Nucl. Phys. B940(2019)377 — 392].

"Searching for Z,,. and hs in the U(l)L, _r, model at the future e-p
colliders” [To be published].
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I. A brief review of the U(1), _, model

1.1. Source and advantages of the model

@ The U(I)LM—LT model is a minimal extension of the SM where the SM
Lagrangian has been imposed an extra local U(l)L“_LT symmetry, where
the L, and L are the muon and tau lepton numbers respectively. The
complete gauge group of the model is SU(3)¢ x SU(2), x U(1)y x UMy, -
One of the advantages of the U(l)LM—LT extension is that the anomaly
cancellation does not require any extra chiral fermionic degrees of freedom.

@ The spontaneous breaking of the L, — L, symmetry generates mass for the
extra neutral gauge boson Z,,.. The Z, . with an MeV-scale mass can
resolve the muon (g — 2) anomaly, explain the deficit of cosmic neutrino flux
and resolve the problem of relic abundance of DM in the scenario with a
light weakly interacting massive particle simultaneously.
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I. A brief review of the U(1), _, model

1.1. Source and advantages of the model

@ The spontaneous breaking of the gauged U(1); _; symmetry leads to

additional terms in the right-handed neutrino mass matrix, providing a
natural explanation of the neutrino masses and mixing.

@ The scalar area has been expanded by two additional complex scalar singlets
(¢m and ¢pas) with nonzero Lu — L_ charge. The scalar field ¢pps does
not acquire any VEV and can act as a viable DM candidate.

@ The other scalar field ¢z acquires a vacuum expectation value (VEV) v,
and thereby making an additional neutral scalar boson ho product after
spontaneous breaking of U(I)L L which indicates that the hy has a mass
of the same order with the v, ‘about 10 GeV - 1000 GeV. The hy plays an
important role in precise measurement of Higgs boson properties, because it

can be produced and decay via their mixing with the SM-like Higgs boson
hy.
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I. A brief review of the U(1), _, model

1.2. Basic structures of the model

All particles included in the U(1); _; model and their charge assignments
m T

under various symmetry groups are listed in following tables:

Scalar Fields

Lepton Fields

Gange Group o, | on | Yo | Le L, L; |er | ur|Tr | Ng Nz’é Ng
SU(2) L 2 1 1 2 2 2 1 1 1 1 1 1
U(l)y /21 0 0 -1/20-1/2-1/21-1]1-1]-1| 0 0 0

U(l)LM—LT 0 1 Nyr 0 1 -1 0 1 (-1 0 1 -1
Baryon Fields

Gauge Group u, | dp | e | s, |ty bLy up | dg Cr SR lr br
SU(2). 2 2 2 2 2 2 1 1 1 1 1 1
U(l)y 1/6|1/61/6|1/6|1/6|1/6|2/3|-1/3|2/3|-1/3|2/3]|-1/3

U(l)L#_LT 0 0 0 0 0 0 0 0 0 0 0 0
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I. A brief review of the U(1), _, model

1.2. Basic structures of the model

The complete Lagrangian for this model

1 loa
L= Lsy+Ly+Loy+ Dpul’ -V - ZFﬁwapa (1)

The scalar potential V' contains all the self interactions of ¢y and its interactions with SM Higgs doublet. Its expression form
is given by

V:H?-[WTHWH+>\H<4PL<PH>2“r)‘hH(WLQDh)(‘PL‘FH) . (2)

The scalar fields ;, and ¢ ;; can be expanded into

" v, _+H, _+ia
- ; = prtHur .
Ph < U+I‘\§‘§FZA ) , YH ( Vel ) 3)

The new basis states (h1 and hgy) are some linear combinations of H and H . The new basis states, now representing two
the physical states and the mixing angle between H and H,r can be expressed

hlecosa-&-H‘”sina, h2:—Hsina+H“Tcoso¢, (4)

)‘hH'”;m-”

Ahv2 -

tan2a = .
02
H ur

(5)
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I. A brief review of the U(1), _, model
w—L-

1.2. Basic structures of the model

Relevant couplings of iy with the SM particles and 7

2M2 M, l
— BT - — —
92 7. m = sine,  gygn, = ——rcosa, gg =——tcosa,
123 I wr v v
2M?2 cos o 2M3, cos a
A 0 IwW+w-h, = .

Relevant couplings of iy with the SM particles and 7

|
| \

2
2Mz M; 2MZ
cos « gff—hzszma, IVvhy, = —

sin« ,

92,,2,,hy =
nT

o 2 q ) q
hihihy = 6VAR, cOs” asina — 6V, Ap, SIN” accos @ — 20, b, Sin @

+6v A, by sin® o — Vpr Ay b COS O+ 3Upr Any by sin? acosa .
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I. A brief review of the U(1), _, model

1.3. Parameter space of the model

The favored regions of the gauge coupling g,,; and the Z,,. mass to explain
the muon (g — 2) anomaly were summarized in arXiv:1803.00842 [hep-ph].

Gur ~[2x107%, 2x 1077, Mg, ~[5, 210] MeV , (6)
My

Vyr = J 7 ~ 10, 1000] GeV . @)
wT

The sine of scalar mixing angle sin « and the branching ratio of invisible decay of
Higgs, BRinvis at 95% C. L., are also constrained by analysis of data from the
LHC experiment [arXiv:1307.3948 [hep-ph| and arXiv:1507.06158 [hep-ph]] as

sina < 0.3, BRinyis <0.24, (8)
o —4 -1
Y= 2 <22x1074 GeV ™!, (9)
Upr
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[I. Searching for Z

uT

in the U(1); _, model at ete™ colliders
w—Ls

2.1. The production of Z,,.

can not establish the couplings with quarks and the electron family, making it very difficult to be produced directly. So
it is a good choice to consider the indirect production of Z#T. Besides decaying to the SM particles, the SM-like Higgs boson

h1 has an extra decay mode to a pair of Z“T within this framework.

The expression of decay width of h1 — Z,,7 Z,,+ is given by

My —AM3 Mj +12M3

_ nT s

Plhy = 2 Z4r) = 1287 M2 M2 - (10)
hy N Z,,

5 M? —4M?
ghIZW_ZW_ lbn Zyur

Zl“'
Mh

After simplification ( — 0), we can get

1

M3} sin? o
D(hy = 2,y Zyy) = —d——

(11)

32mv2
The Eq. (11) indicates that the Z,,. pair production rate is actually determined by the factor
x2 =~ sin? a/v?_. For this, this section will emphasize on the research of the production of Zyr
via the h; decay and all the results in this section can be expressed as functions of x.
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Il. Searching for Z,,. in the U(1), _; model at ee™ colliders
o=l

2.1. The production of Z,,.

The cross sections of SM-like Higgs boson'’s different production channels which depend on the c.m. energy are calculated at the
tree level by employing Madgraph5/aMC@NLO

P(e”, €*)=(-0.8, 0.3), My, =125GeV, sina=0.01

0.01

1074
107

1078

Cross section o (pb)

10710

10712
0 500 1000 1500 2000 2500 3000

Js@ev)

@ efe™ — Zh, and ete™ — vh, have the largest cross sections which are several orders
of magnitude larger than those for the other three processes.

@ Z,, can only decay to neutrinos in this framework, so the ete™ = vihy(hy — 2y Z,r)
process has an invisible final state.

@ Theete™ — Zh, process which has the leptonic and the hadronic final states (arising
from Z — 111~ and Z — jj, respectively) is worthy of our in-depth analysis. 0



Il. Searching for Z,,, in the U(1), _; model at e*e™ colliders
o=l

2.1. The production of Z,,.

The Feynman diagram of gauge boson Zur production by the h; decay via the Zh associated production at the ete
colliders (a). The cross sections of Z,, production as functions of the factor x at the 240 GeV et e™ colliders. The solid

curves show the cross sections of the eTe™ — Zhy — ZZyr Zyr process with different polarizations P(e™, e+):(-0.8,
0.3) (blue), P(e ™, eT)=(0.8, -0.3) (orange) and P(e ™, eT)=(0, 0) (green) (b).

e'e oZh 527y 7y

0.04
e* e~ colliders
ooal Vs =240Gev
2O
s
)
5
£ 002
&
2
8
© o0t — P(e”, e*) = (-08,0.3)
-~ P(e”, e*) = (0.8, 0.3)
- — P(e. e")=(0,0)
0.00
0.00005 0.00010 0.00015 0.00020
X (Gev)

(b)
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[Il. Searching for Z,,. in the U(1); _; model at eTe™ colliders
=y

MUt

2.2. Signal and background simulation

Signals and backgrounds

© Two kinds of signals
o ete™ = Z(= 1T 17 )hy(— Z,,Z,,) — It~ +F, , Leptonic Signal

urur
o efe” = Z(—= ji)h (= Z,,Z,,) = jj +Er , Hadronic Signal

@ Corresponding SM background processes of leptonic channel
o ete” = Z(—= 1M Z(—» ) — 1Tl vr
o cte 5> WH(=ITv)W (= 1"v)— [Tl v
ete™ = 7T (= et )T (= e 1) = ete v
add process ete™ — T (—= ptv, )T (= pTv) = ptpT v,

© Corresponding SM background processes of hadronic channel

o ete™ = Z(— jj)Z(— vv) — jjui
o ete” = 71~
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Il. Searching for Z,,, in the U(l)LﬂfL’_ model at eTe™ colliders

2.2. Signal and background simulation

The signal and background events are generated with following basic cuts
implemented in Madgraph5/aMC@NLO.

The basic selection cuts for leptonic signal

lepton transverse momentum p,.(I%) > 10 GeV ,

lepton pseudorapidity in the range |n(I%)| < 2.5,
missing transverse energy . > 10 GeV ,

angular separation between any two objects AR > 0.2 .

basic selection cuts for hadronic signal

jet transverse momentum p.(j) > 20 GeV
jet pseudorapidity in the range |n(j)| < 5.0,
missing transverse energy £, > 10 GeV ,

angular separation between any two objects AR > 0.4 .
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Il. Searching for Z,,, in the U ~1)L“7LT model at ete— colliders

2.2. Signal and background simulation

@ Normalized distributions of Brp, p(l+l7) and M(l+lf) for the leptonic signal and backgrounds at the ete™
colliders with v/s = 240 GeV and an integrated luminosity of 5 ab— 1.

B i 63 63 T T 20 0 E El o0 50 gy TS0
Pr (GeV) P (1) (GeV) M) (Gev)

@ Normalized distributions of £, p(1t17) and M (1717 for the hadronic signal and backgrounds at the et e™
colliders with v/s = 240 GeV and an integrated luminosity of 5 ab— 1.

R 6 T W T 5o g 15 /32




Il. Searching for Z

uT

in the U(1), _, model at eTe™ colliders
w—L-

2.2. Signal and background simulation

@ Effect of individual kinematical cuts on the leptonic signal for x = 9 x 1075 Gev ! (MZ}“_ = 0.1 GeV,
sinc = 0.01 and gyr = 9 X 10~%) and backgrounds. The SS is computed for a luminosity of 5 ab™— ' (300 fb—1).

ete™ colliders, /s =240 GeV, P(e~, et) = (—0.8,0.3)

Cuts Signal (S) Total background (B) S/NS+B
Initial (no cut) 2210 (132) 1.59 x 107 (9.52 x 10%) 0.56 (0.14)
Basic cuts 1674.6 (100.48) 1.21 x 107 (7.29 x 10°) 0.48 (0.12)
30 GeV < E; <55 GeV 1343.5 (80.61) 4.94 % 10° (2.97 x 10%) 0.60 (0.15)
45GeV < p(It1™) <55 GeV 1193.4 (71.61) 1.48 x 10° (8.89 x 10%) 0.98 (0.24)
|M@17) — Mz| < 10 GeV 1186.5 (71.19) 1.47 x 107 (8.85 x 10%) 3.08 (0.75)

@ Effect of individual kinematical cuts on the hadronic signal for x = 9 X 1075 Gev 1 (MZW_ = 0.1 GeV,
sincc = 0.01 and gpr = 9 X 10~%) and backgrounds. The SS is computed for a luminosity of 5 ab™ ' (300 fb—1).

ete™ colliders, /s =240 GeV, P(e ™, eT) = (—0.8,0.3)

Cuts Signal (S) Total background (B) S/vVS+ B
Initial (no cut) 17235 (1034) 1.49 x 107 (8.94 x 10%) 4.46 (1.09)
Basic cuts 11944 (716.7) 2.94 x 100 (1.77 x 10%) 6.94 (1.70)
35GeV < £; <55GeV 9173.2 (550.4) 1.02 x 10° (6.09 x 10%) 9.06 (2.22)
40 GeV < p(jj) < 60 GeV 8460.3 (507.6) 3.91 x 105 (2.35 x 10%) 13.38 (3.28)

IM(jj)— Mz| <10 GeV 5541.4 (332.5) 7.02 x 104 (4.21 x 10%) 20.13(4.93) /32




Il. Searching for Z,,

T

in the U(1); _, model at ete™ colliders
w—Ls

2.2. Signal and background simulation

Integrated luminosity required for observing the Z;m— at the 30 (red line) and 50 (blue line) statistical significances at different

values of x at the 240 GeV ete™ colliders (Left: for the leptonic channel, Right: for the hadronic channel).

108 — 0=5 108
— 0=3
107 105
6
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3 10° 2
> = 1000
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1
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X (GeV-) X (GeV-1)

The statistical significance of hadronic channel is much higher than that of leptonic channel.
This is due to the facts that there is a higher number of signal events by
Br(Z — jj) > Br(Z — 1717) and the ete™ — WTW ™ process does not contribute to the

hadronic mode's backgrounds.
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I1l. Searching for the hs as well as Z,; in the U(1), _,; model at e-p colliders
=l

3.1. The decays and productions of hy

The decay width expressions of hy's several major decay modes

2 4 2 2 2 2 2
M, —4M M 12M MP —4M
IhyZpr 2y My 2, Mhy + 2y My Zur
Dlhy = 27 2,7) = 1287 M7 M3 . @
2

nT

g§2VV(M;§2 - 4M%,M,§2 +12M%) /be2 —4aM?,
(13)

T(hy = VV) = ]
(ha ) 64mSy M2 M
2

where the Sy, represents the statistical factor. Its value equal to 1 for W= boson and 2 for Z boson.

2 2 2
M —4M
Ihyhyhy hy g

D(hy — hyhy) = (14)

327 M2
hy

M2 —am2)3
neghy £ i ( hy ~ )

D(hy — ff) = (15)

8w M?2
ho
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[Il. Searching for the hy as well as 7, in the U(1), _; model at e-p colliders
p—Lr

3.1. The decay and production of hy

The dominant branching ratios of the scalar boson ho decay as a function of Mh2 for a fixed value of sinae = 0.2,

9ur =1x 10753

— > 2, 2 sina=0.2
1 =
he > W*W gur = 0.001
— o zZ
_0400F — hy > By by
& -
g — o tt
53]
0.010
0.001
200 400 600 800 1000
My (GeV)

The branching ratio value of the decay channel hy = Z,,;Z,,; is about 98% and
the rest decay channels account for 2%. So the decay channel hy — Z,,,Z,,, is
the most dominant decay mode of the the scalar boson hy and we will choose it

to study the feasibility of detecting ho.
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Il. Searching for the hs as well as Z,,, in the U(1), _; model at e-p colliders

3.1. The decay and production of hy

Like the Higgs boson in the SM, the additional scalar boson h, in the
U(l)Lﬂ,—LT model is produced via two major channels: the charged current
(CC) production channel via W+W ™ fusion and the neutral current (NC)
production channel via ZZ fusion at e-p colliders.

The Feynman diagrams of the scalar boson ha products at the e-p colliders (Left: CC production
channel, Right: NC production channel).
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[Il. Searching for the hy as well as 7, in the U(1), _; model at e-p colliders
p—Lr

3.1. The decays and productions of hy

The cross sections of the ho production as a function of MhQ from the process e” p — e~ jho andthee™ p — e~ veha

for sin a = 0.2 (green), sin &« = 0.05 (orange) and sin & = 0.01 (blue) with P(e™) = —0.8 at LHeC.

e +p-€ +j+h

€ +poVetj+h
‘ ooro|
LHeC (E,-=140 GeV) LHeC (E,-=140 GeV)
- P(e) = 08 oo P(e) = 08
" 10t
g | Rl e—
5 — S —
107, sina=0.2 - ~ 104] sina=0.2
sina = 0.05 sina = 0.05
sl —sina=0.01 | —sina=001
s w o ) o0 E w ) W o
My, (GeV) M, (GeV)

(k)

(1

The cross section of e”p — v, jho processe is one order of magnitude larger than
the cross section of e”p — e~ jhs process.
21/32



Il. Searching for the hs as well as Z,,, in the U(1), _; model at e-p colliders
wLr
3.2. The productions of Z,,

Z,,. can only decay to neutrinos in this framework. So the e™p — vejhy(hy = Z,,,Z,,,

) and

e p — vejhy(hy — Z,+2,,) processes end up generating a lot of jets and missing energy,
which are difficult to be distinguished from the deeply inelastic scattering (DIS) background.
Moreover, the lack of kinematic handles in the final state makes it extremely difficult to filter
signal from many backgrounds. Therefore in this work we will focus on NC production channels
e p—e jhi(=Z,.Z,;)— e j+¥pand e p— e jha(— Z,.2Z,,) = e j+E to study

the feasibility of detecting the ko and Z,, .

The Feynman diagrams of the gauge boson Z . production by the decay of h; and h, via the
NC production channel at e-p colliders.

v

22/32



1. Searching for the hy as well as Z,,, in an U(1), _; model at e-p colliders
=y

3.2. The production of Z,, .

Left (0): The cross sections of Z;“_ production process e~ p — e~ jhy — eij#“_Z}“_ as functions of Mh2 with

different sina for g7 = 1 x 10~ 3 and MZ‘” = 0.1 GeV at the LHeC with E__ = 140 GeV.

Right (p): The cross sections of Z‘“_ production process e p — e~ jh1 — e_jZ“TZ
colliders.

ur asa function of x at the e-p

€pe e ZunZun e pe i e ZuZn
10-3 LHeC (Eg~ =140GeV) e-p colliders
0.010
P(e")=-0.8
1074 0.005
_ 1075 =
3 3
= s
S 106 S 0.001
5.x107
107 — sina = 0.2 oo
e sina = 0.05 LHeC (E.- =140GeV)
-4
— sina =0.01 1.x10 — LHeC (E,- =60GeV)
1079 5.x10°5 . . . .
10 50 100 500 1000 0.00005 0.00010 0.00015 0.00020
Mh, (GeV) X Gev-T)

(0) (p)
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[1l. Searching for the hy as well as 7, in the U(ll)waLT model at e-p colliders

3.3. Signal and background simulation

Signals and backgrounds

© Two kinds of signals

ee +p—e +j+hy(—=2,,2,)—e +j+Ep, Signal-l

ee +p—oe +jit+h(—=2,.2,)—e +j+Er. Signal2

@ Corresponding SM background processes of leptonic channel

oe +po>Wi(—ele)+j+tve—>e +j+Er
add process €~ +p — Z(— Vele)+j+e” = e +j+Ep, (e jrele)

°o e +p—=Z(2Vusluyr)tjte e +j+Er, (€ Vs i)
ee tp—oe +i+7T v, (e jTTY,)

ee +p—oe +j+T7 +0r. (e jT )

The basic selection cuts
@ pr(I%) > 5 GeV, pr(j) > 20 GeV, |n(I*)| < 5, [n(j)| < 5, AR(jI*) > 0.4.
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I1l. Searching for the hs as well as Z,; in the U(1), _,; model at e-p colliders
=l

3.3. Signal and background simulation

@ Normalized distributions of £ (q), TET (r), THT (s), Ex(jj) (t) and Eq (e ™ j) (u) for the signal and
backgrounds at the LHeC with Ee_ = 140 GeV and an integrated luminosity of 1 ab— 1.

0%
Fr (GoV)

0040

o3s|

< 0030f

5 ooml
£ oo
o0

o.005|
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Il. Searching for the hy as well as 7, in the U(1), _; model at e-p colliders
p—Lr

3.3. Signal and background simulation

@ Effect of individual kinematical cuts on the signal-1 for Mh2 = 300 GeV, MZW_ = 0.1 GeV, sina = 0.2 and
gur =1 X 10~3 and backgrounds at the LHeC with E, _ =140 (60) GeV. The statistical significance is

computed for a luminosity of 1 ab™ 1
LHeC, E.- = 140 (60) GeV, E, =TTeV, Ple)=-0.8

cuts signal (S) total I)ackground (B) | S/VS+B

initial (no cut) 417.0 (104.0) | 1.01 x 10° ('5.09 x 10°) | 0.41 (0.15)

basic cuts 392.1 (97.6) | 8.53 x 10° ( 4.11 x 10%) | 0.42 (0.16)

Fy <20 (By < 20) GeV 238.6 (70.7) | 5.17 = 10° ( 4.89 x 10%) | 1.05 (0.32)

TET > 300 (TET > 260) GeV 235.9 (64.6) | 1.65 x 107 ( 4.63 x 10%) | 1.83 (0.94)
THT > 200 (THT > 200) GeV 235.7 (63.8) | 9.91 x 10° ( 142 x 107) | 2.30 (1.65)
Er(j7) > 100 (Br(jj) > 90) GeV | 232.7 (60.4) | 7.83 x 10° ( 1.08 x 10°) | 2.50 (1.79)
Er(ej) > 150 (Er(c j) > 120) GoV | 232.3 (50.5) | 7.44 x 10° ( 9.93 x 10%) | 2.65 (1.84)

@ Effect of individual kinematical cuts on the signal-2 for Mh1 = 125 GeV, MZ,“_ = 0.1 GeV, sina = 0.01 and
gur =1x 1073 (x = 9 x 107° GeV ™! ) and backgrounds at the LHeC with E__ = 140 (60) GeV. The

statistical significance is computed for a luminosity of 1 ab— 1.

LHeC, E. = 140 (60) GeV, E,=7TeV, Plc)=-08

cuts signal (S) total background (B) | S/v/S+ B

initial (no cut) 1288.0 (544.0) | 1.01 x 10° ( 5.09 x 10°) | 1.28 (0.76)

basic cuts 1205.9 (508.1) | 8.53 x 10° (4.11 x 10°) | 1.30 (0.79)

Fy <20 (Ey < 18) GeV 980.9 (386.0) | 8.79 % 107 ( 4.05 x 107) | 3.29 (1.01)

TET > 200 (TET > 160) GeV 8277 (361.9) | 2.26 x 107 ( 1.27 x 10%) | 5.41 (3.16)

THT > 140 (THT > 120) GeV__ | 808.1 (354.3) | L.20 x 107 ( 6.09 x 10°) | 7.14 (4.41)

Er(jj) > 60 (Ex(jj) > 60) GeV | 803.5 (374.8) | 9.65 x 10° ( 4.46 x 10°) | 7.86 (5.02)
Er(ej) > 100 (Er(ej) > 80) GeV | 796.1 (313.7) | 8.96 x 10° ( £.19 x 10°) | 8.06 (5.10) 232




[Il. Searching for the hy as well as 7, in the U(1), _; model at e-p colliders
p—Lr

3.3. Signal and background simulation

@ Effect of individual kinematical cuts on the signal-1 for Mh2 = 300 GeV, MZW_ = 0.1 GeV, sina = 0.2 and
gur = 1Xx 1073 and backgrounds at the FCC-eh. The statistical significance is computed for a luminosity of 1 ab— 1.
FCC-eh, E,- =60 GeV, E, =50 TeV, P(e”)=-0.8

cuts signal (S) | total background (B) | S/v/S+ B
initial (no cut) 925.0 1.81 x 10° 0.69
basic cuts 863.3 1.30 x 10° 0.76
¥ <20 GeV 303.2 1.29 x 10° 0.84
TET > 280 GeV 279.1 1.35 x 107 2.38
THT > 200 GeV 277.7 7.34 x 10° 3.18
Er(jj) > 100 GeV 263.7 5.84 x 10° 3.38
Er(e”j) > 120 GeV 261.9 5.61 x 10° 3.42

@ Effect of individual kinematical cuts on the signal-2 for Mhl = 125 GeV, MZ‘“_ = 0.1 GeV, sinae = 0.01 and
gur =1 X 10~3 (x =9 % 107% Gev 1! ) and backgrounds at the FCC-eh. The statistical significance is

computed for a luminosity of 1 ab— 1.

FCC-ch, E, =60 GeV, E, =50 TeV, P(c)=-0.8

cuts signal (S) | total background (B) | S/v/S+ B

initial (no cut) 2412.0 1.82 x 10° 1.79

basic cuts 2246.7 1.30 x 10° 1.96

K. <20 GeV 1086.9 1.29 x 10° 3.01

TET > 180 GeV 981.0 3.76 x 107 5.00

THT > 120 GeV 972.0 2.46 x 10* 6.08

Er(jj) > 60 GeV 959.3 1.92 x 107 6.76
Er(ej) > 80 GeV 952.9 1.79 x 10* 6.94 27/32




I1l. Searching for the hy as well as Z,,, in the U(1), _; model at e-p colliders
wLls

3.3. Signal and background simulation

@ 30 and 50 detection potential regions for the signal-1 at the LHeC with Ee_ = 60 GeV (v), LHeC with Ee_ = 140

GeV (w) and FCC-eh (x) with an integrated luminosity of 1 ab™ !, respectively. Integrated luminosity required for
observing the signal-2 at the 30 and 50 statistical significances at different values of x at e-p colliders (y).

0.
HH HH
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s ° @ 3505 3<0<5
tH
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s
4 tH 5
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H
tH
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L=tab™ L=tab™
o
50 100 150 200 250 300 350 400 100 200 300 400
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3.3. Signal and background simulation

For sin o < 0.3, the hy mass For sin o < 0.3, the hy mass
region of above 3o statistical region of above 50 statistical
significance significance
@ 10 GeV < Mh2 < 320 GeV @ 10 GeV < Mh2 < 270 GeV
(LHeC with E,— = 60 GeV), (LHeC with E,— = 60 GeV),
@ 10 GeV < Mh2 < 400 GeV @ 10 GeV < Mh2 < 310 GeV
(LHeC with E,— = 140 GeV), (LHeC with E,— = 140 GeV),
@ 10 GeV < Mh2 < 480 GeV @ 10 GeV < Mhz < 360 GeV
(FCC-eh). (FCC-eh).
v v

we can obtain larger significance for larger x values within its limit and can easily obtain 50
statistical significance when we take x > 5 x 10~5 within the e-p colliders designed luminosity
region. In addition, by contrast, the LHeC with £, = 140 GeV has the best sensitivity to the
signal-2.
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VI. Conclusions

@ We find that both the leptonic and hadronic signals considerably contribute
to detecting the signature of Z, with a sufficient integrated luminosity and
proper values of x at the 240 GeV eTe~colliders, but with a quite higher
potentiality for the hadronic mode.

@ Performing the scan over the parameter space, we find that the possible
signature of h and Z,,; from signal-1 is limited in the lower M}, range and
could be detected at the e-p colliders with an integrated luminosity of 1
ab™!. On the other side, the FCC-eh could offer better detection capabilities
than LHeC under the same integrated luminosity.

@ Studying the signal-2, we find that the signature of Z,, might be easily
detected at e-p colliders and the LHeC with E,.- = 140 GeV has the best
sensitivity to the signal-2.
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o X BRy,

2 2
Hh = P —— = K%, K°=1—pup,
(on X BRr)gm
o X BRy
pg = ————— = &?(1—-BRHew)-
(o X BRy)gm
From arXiv: 1509.00672
ATLAS EW singlet
Vs=7TeV, 45-4.7 0" — = sM

E"RH,new
o
[e2]

o ¢
i [
A

Vs=8TeV, 20.3fh?

Obs. 95% CL: k?<0.12
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