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If the masses of at least two generations of right-handed neutrinos (RHNS) are near degenerate, the scale
of leptogenesis can be as low as ~100 GeV. In this work, we study probing such resonant leptogenesis

in the B—L model at the LHC and future multi-TeV muon colliders

via the process

Z' - NN — £*¢* + jets, with Z' the U(1),_, gauge boson and N the RHN. The same-sign dilepton
feature of the signal makes it almost background-free, while the event number difference between positive
and negative leptons is a hint for CP violation, which is a key ingredient of leptogenesis. We found that
resonant leptogenesis can be tested at the HL-LHC for M, up to 12 TeV, while at a 10 (30) TeV muon
collider the reach can be up to M, ~ 30(100) TeV via the off-shell production of Z’.
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I. INTRODUCTION

The baryon asymmetry of the Universe (BAU) is one of
the most mysterious unsolved problems in the standard
model (SM) of particle physics. Leptogenesis is a very
attractive explanation [ 1-3], as it links the BAU to the origin
of neutrino masses. In that mechanism, the CP violating
decay of the heavy right-handed neutrinos (RHN) to the SM
leptons generates a lepton asymmetry, which is then con-
verted to the BAU via the electroweak (EW) sphaleron
process. The same interaction also accounts for the tiny
neutrino masses [4—6] via the Type-I seesaw mechanism [7].
In the conventional thermal leptogenesis formalism, the CP
violating effects are related to the RHN mass M, and the
explanation of the BAU requires My = 10° GeV [8], mak-
ing it very challenging to test the mechanism experimentally.
However, the constraints on M can be relaxed if at least
two of the RHNs are highly degenerate, so that the CP
asymmetry is resonantly enhanced, and hence even O(TeV)
RHNS can generate the observed BAU [9-13]. In particular,
if such a resonant leptogenesis mechanism is embedded into
a gauge theory in which the RHNs exist naturally for
anomaly cancellation, then the O(TeV) leptogenesis is
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testable at the colliders via searches for RHNSs or new gauge
or scalar bosons as well as the leptonic charge asymmetries
[14-21).!

In this article, we perform a comprehensive study of the
collider phenomenology of the resonant leptogenesis
mechanism in the gauged U(1)z_, extended SM (i.e.,
the so-called B — L model [23-26]), focusing on the
interplay between leptogenesis and the Z' gauge boson
of the U(1),z_, group, since the Z'-mediated scattering
process greatly impacts the generated BAU. In particular,
we use the Z/ — NN — £*£* + jets channel to probe the
Z', N particles as well as the CP violation. Compared with
previous studies on similar topics [14-21], our work
includes not only the newest constraints from the LHC
and the corresponding projected reach at the future
HL-LHC, but also the first projections at the future
multi-TeV muon colliders. The study on the physics
potential of muon colliders started around three decades
ago [27,28], and has received a renewed interest recently
[29-60]. Because of the high energy and precision meas-
urement environment, the future multi-TeV muon colliders
offer us the opportunity to probe both SM and beyond the
SM physics very accurately.

This paper is organized as follows. The B — L model and
the corresponding (resonant) leptogenesis is described in
Sec. II, where the relation between BAU and the size of CP
asymmetry is derived. Then we study the collider phe-
nomenology in Sec. I, including the reach for Z’' boson
and the CP asymmetry (via RHNs) at the HL-LHC and
muon colliders. Finally, the conclusion is given in Sec. I'V.

'Also at Ref. [22] for a recent review.
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II. RESONANT LEPTOGENESIS IN THE B-L
MODEL

A. The model

In the B — L model, three generations of RHNs (with
B —L = —1) are needed naturally for gauge anomaly
cancellation. Besides, the model also contains an extra
gauge boson Z’ and a complex scalar ® = (¢ + in)/\/2
with B — L = 2 that breaks the U(1)y_, spontaneously.
The relevant Lagrangian reads

Ly = DhiPvi— 5 > (TR g+ He)
i ij
N7 v+ He)
iJ
vp\? 1

+D,®' D' -}, <|<I>|2 - 7) - ZZ’/“’Z/W (1)
with i, j being the family indices, D, = 0, — igp_; XZ,, the
covariant derivative (X is the B — L quantum number),
¢; the SM left-handed lepton doublet, and H the SM
Higgs doublet. Without loss of generality, we assume
2§ = diag{4y,, Ay, Ay, }, and define the four-component
Majorana RHNs as N; = vk + (v%)¢. The minimum of the
scalar potential is at (|®|) = v,,//2, breaking the U(1),_,
symmetry and providing masses for the particles

- Yy M., —
N N; \/E’ ¢
and the imaginary part # of ® is absorbed to be the
longitudinal mode of Z'. We are interested in the parameter
region vy ~ O(TeV).

The usage of Yukawa interactions between £ and N is
twofold. On one hand, they account for the tiny left-handed
neutrino mass via the Type-I seesaw

prR%e ap \2 (1 TeV
m,, ~ 2006 eV x (—2-) (2, (3)
2 My 10 My

while on the other hand they trigger the RHN decay
N — ¢H/¢H*, which is the crucial process in thermal
leptogenesis. Because of the CP violation phase in the
Yukawa couplings, the widths of N — #H and N — ZH*
are different, and hence a CP asymmetry can be defined
as [9-12]

ZjFNi—»fjH - FN,.—>2,H*
> ilN—e + Tz

:_ZMN N ( i S~~> Im(ﬂDﬂ))%j @)
Y] (Apah)i(Anan);;

J#i N

Mz =2gp_vy, 24, (2)

€ =

where

M2 M3, M3,
Vijzz#[(w#)ln(wr 2”)—1],
My, My, My,

g My M)
UMY, - MR+ MR T

(5)

are, respectively, the vertex correction and RHN self-energy
correction to the decay process, and the tree level width is

Ly

My
= 5 (o). (6)
If there is a mass hierarchy among the three RHNS, i.e.,
My, <My, <My, V;;and S;; are comparable, and ¢; is
proportional to the hghtest RHN mass but typically
>107°. Therefore, a sizable BAU requires a RHN with
mass >10° GeV [8]. However, if at least two RHNs are
highly degenerate that |M2 —~ M3 | ~MyTy,, then
Sij~My,/Ty, > 1, and ¢; can reach O(1) [9-13]. In this
case, even O(TeV) RHNSs can generate a successful BAU.
This is the scenario under consideration in this article.

B. Thermal leptogenesis

We assume first two flavors of RHNs are near degen-
erate, i.e., (Mzzv, - szvz) ~ My Ty,, while the third flavor
RHN is much heavier, i.e., My, > My, . The BAU receives
contributions from the CP violating decays of both M,
and My, . If the decay widths I'y and I'y, are comparable,
then the generated BAU should be twice of that from mere
N, decay. However, if the decay widths have a hierarchy,
e.g., I“N2 < FN], then so do the CP asymmetries, as
€, ~2¢I'y, /Ty, <€), and in the meantime the washout
from N, is negligible [12]. In that case, the generated BAU
is dominated by N, decay, and a one-flavor discussion on
N, is sufficient. For simplicity, we will consider such a
scenario throughout this article. We then denote €, as €, and
My, ~ My, as My from now on. In the radiation domi-
nated era, the energy and entropy densities of the Universe
are, respectively,

2
b 27t
p:— 4

*T ) *Tgy 7
307 ~ 459 ()

where g, = 106.75 is the number of relativistic degrees
of freedom. The Hubble constant is then derived by the
first Friedmann equation H? = (87/3M3,)p, with Mp =
1.22 x 10! GeV the Planck scale. Defining the dimen-
sionless parameter z = M /T, the Boltzmann equations for
the RHN and net B — L number yield in the thermal bath
read [12,61,62]
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where sy and Hy are the entropy density and Hubble
constant at z = 1, respectively, and the abundances are
defined as number density to entropy density ratios (e.g.,
Yy = ny/s), with

4572

3((3) My
27g,

2
2w SN

eq _
Yy =

K>(z). Yy =

. 9)

the equilibrium abundances, and K;(z) is the modified
Bessel function of the ith kind. When writing Eq. (8), we
have neglected the charge lepton flavor effects, which can
affect the production and washout of the lepton asymmetry
and the low energy experiments such as 4 — ey. See the
review [63] for a fully flavor-covariant treatment on the
resonant leptogenesis. In this article, since we are interested
in the 7=¢* + jets final state with £ = e, u, the flavor
effects from the first two generation of charged leptons are
expected to be subdominant.
The reaction rates in Eq. (8) are defined as [61],

M3 K(2)
J[‘N A2

YD =
i z

for the N — #H/¢H* decay, and

= <0-ab—>cdv>nle1q ”iq

My [~ Vs
= 6477.'4Z/ dsaab—wd(s)\/EKl (M—NZ)’ (11)

Yab—cd

Smin

for the 2 — 2 scattering, where s, = max{(M, + M,)?,
(M, + M,)?}, and the dimensionless reduced scattering
cross section is

TABLE 1. The reaction rates and the reduced cross sections
taken from Refs. [12,61], where x=3s /M]2v and
Dy(x) = x— 1+ ([3/M5)/(x = 1).
Reaction 252
rates scattering &(s)
Yhs N¢ - Iq 3yi4p b (x=1)2
T4z \Ux
Vit qu — tf or 3)’1 2Vitp (x—=1 1 x= ]J:M%/MZN
le - qf ( + MM/MZ )
! FH* % 1)y In(1
YN.s ‘H - H 8 1+ 2x) + 2D%C<X) —(1+ l()x(t))) n( xH)}
¢ - H'H* s In(1+x)
I - ﬁ (2(;«(#1) + x+2x )

e

Y2
- 1> (rp +2vns +47ns) — <ﬁ 1> 277,
N

Yy
—€ l_Y_;? YD

Yo Y
BeqL |:2(7N,s + VNt + yh,t) + Y_g]yh,s:| s (8)
N

E\Tab—wd(s) = Zaab—wd(s) N
M2 M2 M2 M2 2
X [1 —2<—“+—b> + (—“——") ].(12)
N S N S

The correspondence between the reaction rates in Eq. (8)
and the 2 — 2 processes are listed in Table I, except
the case of y,, which corresponds to the scattering
NN — Z' = ff (f denotes the SM fermions) and is
highlighted below

13g%_; x(x —4)3
6r (x— Mz /M%)* + M2,

67(s) = (13)

2/

where

Ty G 4M3\ 32
= 13+2(1- oM, —2My)|, (14
v =24 32(1-52") o —2my)|. 19

with x = s/M?% and 6 the Heaviside step function. We also
assume My, M¢ MN so that scatterings NN — Z'Z’ or
¢¢ are suppressed.”

For a O(TeV) leptogenesis, A, ~ 107°, making the y’s in
Table I rather small, as they are proportional to 43, or 3,
Only the reaction rate y, can be sizable since it is « g}_; .
Therefore we can omit the reaction rates in Eq. (8) except
yp and y,, and simplify Eq. (8) into a single equation,

dYs_ 74
Bl J/Deq Yp1 ®
dZ SNHN 2Y,f’

dqu YD
Tz yp+4rz’

(15)

where we have approximated Yy/Yy +1~2 and
dYy/dz ~ dYy}/dz, since N is not far away from equilib-
rium. Eq. (15) can be solved analytically as

Y ( ) / d /dY(Ie\gl 7D(Z/)
bt w47 yp() +4y2(2)

z Z//4 YD (Z//)
- d7’ —— , (16
X exp { /z’ Z syHy 21 (16)

where we adopt z;, = 1 as the lower limit of the integral.
It is very clear in above equation that ¢ and y, generate
the lepton asymmetry, while y, tends to washout this

The impact of NN — Z'Z' and NN — ¢¢ can be found in
Ref. [16].
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Left: the required CP asymmetry ¢ to explain the observed BAU in the mass range Ty, < My < My, for a fixed gz_;, = 0.8.

Only the e contours for M, > M are shown, because for M, < M new scattering channels open and Eq. (16) needs to be modified.
Right: the upper limits on gp_; as a function of M, from the LEP [72], ATLAS dilepton searches [73,74], and projected reach from the
3 TeV muon colliders [46], and the 10 (30) TeV muon colliders via rescaling.

asymmetry because it tends to push N back to the
equilibrium. The final generated baryon asymmetry is

28
Yp=-:Yp 1 (Zsph)’ (17)

79
where  zgn = My /T, with  Top = 130 GeV  the
decoupled temperature of the EW sphaleron [64]. We have
checked that Eq. (16) matches the numerical solution of the
complete equation set Eq. (8) very well.

Given the value of ggz_;, one is able to derive the CP
asymmetry ¢ as a function of (M, My) via Eq. (16) by
the observed BAU Y$™ ~ 107!0 [65,66]. This is shown in
the left panel of Fig. 1, where gp_; = 0.8 is fixed. Near the
line M, = 2M,, the washout process NN — Z' — ff is
resonantly enhanced and hence a large € is needed to
realize Y. The region with e¢ > 1 is forbidden in the
leptogenesis mechanism. We can see that there is plenty of
parameter space allowed by leptogenesis for O(TeV) Z’
and N. Since this mass region is accessible at current or
near future colliders [67-71], some of the parameter space
is already excluded by the LEP [72] and LHC [73,74], see
also [75-77] searches for Z' — £¢~/jj, as plotted in the
shaded region in the right panel of Fig. 1. Also plotted in
the figure is the projected reach for uty~ —» Z'* —» £7¢~
and ptyu~ - Z'(— £7¢" Jvyi.)y at the multi-TeV muon
colliders taken and rescaled from Ref. [46]. As shown in
the right panel of Fig. 1, the 10 (30) TeV muon collider
can reach very low gz_; due to the resonant enhancement
where M, ~./s. We are mostly interested in the
parameter space that is allowed by current data but can
be probed at the HL-LHC and future muon colliders; for
this sake we fix gz_; = 0.8 and focus on Z’ with 6 TeV <
Mz <30 TeV to perform the collider phenomenol-
ogy study.

III. COLLIDER PHENOMENOLOGY

A. Same-sign dilepton final state

Since the SM fermions are charged under the U(1),_,
group, Z' can be produced at the LHC via quark fusion
qg — Z' or at the muon colliders via y™u~ — Z'y/Z'Z
(the so-called radiative return) and u*u~ — Z'. Since
the collision energy /s of a muon collider is fixed, the
Z'y/Z'Z channel is suited for probing M, < /s, while
the utu~ — Z' is more appropriate to probe the off-shell
region M, > \/s. As for the decay of Z', we focus on the
channel®

Z' - NN = ¢+ + jets, (18)

channel as it is directly related to the essential ingredients
of the leptogenesis mechanism: the new particles Z’, N and
the CP asymmetry. By reconstructing the invariant masses
of the decay products, we can find clues for the Z’ and N
resonances; while by counting the event number difference
between the #7#" and #~¢~ final states, we can probe the
CP violation.

The cross sections of Z' — NN for various production
channels are plotted in Fig. 2 at the 13 TeV LHC, 10 and
30 TeV muon colliders where My = M,//3 is fixed.* We
can see the LHC cross section drops rapidly as My,
increases, and it is only ¢ ~ 107 fb for M, = 12 TeV,
yielding less than 1 event even at the HL-LHC. In contrast,

The phenomenological study on resonantly produced RHNs
via a heavy Z’ boson can also be found in Refs. [78-80].

*We adopt the FeynRules [81] model file from Refs. [82,83],
which is also publicly available in the FeynRules model
database, https://feynrules.irmp.ucl.ac.be/wiki/B-L-SM.  The
model file is then interfaced with the MadGraph5aMC@NLO-
v2.8.2 [84] package for a parton-level simulation.
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FIG. 2. The production rates of Z' — NN at the 13 TeV LHC
and the 10 (30) TeV muon colliders, with My = M,/ /3 fixed.

the utu~ — Z'y/Z'Z cross section increases when M,
is close to the collision energy of the muon collider;
for M, > 6 TeV, ¢ 2 10(1) fb at a 10 (30) TeV muon
collider, providing >10°(9 x 10*) events at an integrated
luminosity of 10(90) ab~!. The 10 TeV muon collider can
probe My > 10 TeV via the off-shell production of
utu~ — Z'* > NN. In this case, the cross section drops
when M, increases, showing a tendency similar to the
LHC but with much higher rates (for example, o ~ 10 fb
for M, = 12 TeV).

The RHN decays to a lepton and a vector-Higgs boson,
and due to the Goldstone equivalence theorem the branch-
ing ratios are approximately

1
EBr(L”*W‘) ~ Br(0,Z) =~ Br(v,h),

%Br(f‘W*) ~ Br(v,Z) =~ Br(v h). (19)

The difference between Br(£"W~) and Br(¢~W*) con-
nects to the CP violation €, as defined in Eq. (4). For
simplicity, in the following we assume the N decays
exclusively to the first generation of leptons, and focus
on the NN — eTe=WFWT final state, which is clean due
to its same-sign dilepton feature. As we are considering
My 2 6 TeV, the W* bosons from cascade decay are
typically boosted, and hence can be treated as boosted
fat jets.

To trigger the signal events, we require the final state to
have exactly two electrons within

p%>100GeV, |y,| <2.5, (forLHC)
p5>30GeV, || <2.43; (formuoncolliders) (20)

and two jets within

pY¥ >500GeV,
p¥ >500GeV,

nw| <2, (forLHC)

nw| <2.43. (for muoncolliders).  (21)
The electrons are further required to be same sign, and the
jets are required to be W tagged. At the LHC, the main
backgrounds come from the dilepton decay of /7 (with one
lepton’s charge misidentified and two QCD jets mistagged
as W) and WEW=jj (with jets mistagged) [14]. While at
the muon colliders, the 77 background is subdominant;
instead, the main backgrounds are utu~ — ete W W~
and ptu~ - eteWTWy/Z (with lepton charge misi-
dentified), utu~ - WTW~jj (with jets mistagged). The
backgrounds from charge misidentification are signifi-
cantly suppressed by the misidentification rate, which
we adopt as 0.1% based on the LHC detector performance
[85]. Note that this is a conservative estimate as the charge
identification efficiency is expected to be improved at the
muon colliders.

In our parton-level study, the W-jet is simulated by a
parton-level W boson multiplying by the hadronic decay
branching ratio 67.4% [86] and the tagging efficiency 60%.
The backgrounds from mistagged QCD jets are then
suppressed by the mistag rate, which we adopt as 5%.
The #f background is further suppressed by requiring the
final state objects’ invariant mass to be above 6 TeV, while
the same cut almost does not affect the signal rate. The
background rates are listed in Table II, where the signal
cross sections for M, =8 TeV, My =500 GeV, and
gp—r, = 0.8 are also given. We can see that at the LHC
the backgrounds are under control, while at the muon
colliders the backgrounds are negligible after the selec-
tion cuts.

At the muon colliders, we can further remove the back-
grounds also by putting cuts on the invariant mass of the final
state particles. This is shown in Fig. 3, where p}¥ and the
invariant masses of the signal and y™u~ — eTe"WTW~y at
the 10 TeV muon collider are illustrated for one benchmark
point with My =8 TeV and My = 500 GeV. The jet
four-momentum is smeared according to a jet energy
resolution of AE/E = 10%. For the reconstruction of N,
we pair the two leptons and W-jets by minimizing
x; = (M, = My)? + (M, — My)?*. From the figure,
it is clear to see that the signal and background have very
different kinematical distributions especially when recon-
structing the N; a cut on the W invariant mass can
significantly remove the backgrounds, even in case
of M 7 > \/E .

B. Testing leptogenesis

We have shown in the previous subsection that the
backgrounds for the same-sign dilepton channel are neg-
ligible after imposing a set of selection cuts, which,
however, keep the signal rates almost unchanged. There
are also other channels available for the Z’ — NN process
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TABLE II. The cross sections of the signal and main backgrounds at the 13 TeV LHC and 10 TeV muon collider
after the trigger cuts, the same-sign dilepton and W-jet requirements.

LHC Trigger cut (fb) Same-sign lepton (tb) W-jet (fb)
Signal ~1073 ~1073 ~1074
it ~1074 ¢ <1077 <10-10
WEW*jj <1072 <10~ <1077
10 TeV muon collider Trigger cut (fb) Same-sign lepton (fb) W-jet (fb)
Signal ~1 ~1 ~1071
s > eteWHw- ~1072 ~1073 ~107°
utu- - eteWW=y/Z ~1072 ~1073 ~107°
utu= — Wrw-jj ~107! ~107° ~107°

*The decay products of 7 are further required to have invariant masses > 6 TeV. The signal process is generated

at M, =8 TeV, My =500 GeV, and gz_; = 0.8.

(e.g., N - vh/vZ), which can further increase the signal
significance of the model. Based on this consideration, we
make the zero background assumption in this subsection
to derive the projected sensitivities for the thermal lepto-
genesis parameter space of the B — L model. The
CP asymmetry € defined in Eq. (4) is related to the
asymmetry between the positive and negative same-sign
dileptons as [14]

:l‘N+_N—’ (22)

2|N, +N_

where N denotes the event number of the e*e*WTWT
final state. If we observe no asymmetry of the same-sign
dileptons at colliders, upper limits can be put on the CP
asymmetry. This is done by assuming the number of the
signal events to follow a Poisson distribution, and hence at
1o confidence level [86]

(24)

€min =

2\/(N.)

The CP asymmetry is detectable if € > €.

With Eq. (24) in hand, one is able to test resonant
leptogenesis at a specific collider environment. Given a
set of (M, My, gg_;), the € required by leptogenesis is
derived by Eq. (16). On the other hand, the corresponding
N, and hence €, is also available by collider simulation
of the Z' — NN process. If € > €, then this parameter
setup is detectable at the collider. The projected detectable
parameter space with a fixed gz_; = 0.8 is plotted in Fig. 4
for the HL-LHC (13 TeV, 3 ab™!) and two setups of muon
colliders (10 TeV, 10 ab~!, and 30 TeV, 90 ab~!) with
different colors. As the signal significance is proportional
to the CP asymmetry ¢, the reachable regions have similar
shapes to the e contours in the left panel of Fig. 1, except
that there is a vertical band-like region in the 10 TeV muon
collider case near M, ~ 10 TeV due to the enhancement

_ B . ) . .
N,=(N,)£AN_ = (N,)+/(N,), (23) from resonant production of Z'. The region shaded in dark
blue is for € > 1 or My < T, that the leptogenesis is not
yielding a sensitivities of feasible. As we can see, the HL-LHC is able to probe
0.500 0.500 0.500
Wejets Rec. N mass Rec. Z mass
a pY>500 GeV o =
£ S £
2 0.100 2 0.100 2 0.100 Mz=8 Tev
% 0.050} 1, 7 % 0.050{Mx=300 GeV 3 0.050 1
8 1 | ptu et W Wy K 8 h
3 1 3 3 ~
g L 1 Signal E g J [t :l
Z M nn B z Z \ 118
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FIG. 3.

(My =8 TeV, My = 500 GeV).
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13 TeV HL-LHC
\ B 10 TeV Muon Collider, 10 ab
~_ .30 TeV Muon Collider, 90 ab =

My[TeV]

No Leptogenesis
10 15 20 25
M, [TeV]

FIG. 4. The regions where € > ¢, that the resonant lepto-
genesis can be tested at the HL-LHC and the 10 (30) TeV muon
collider with an integrated luminosity of 10 (90) ab™!. g_, =
0.8 is fixed. The dark blue region labeled as “no leptogenesis” is
fore > 1 or My < Ty,

leptogenesis for M, <12 TeV with a RHN mass
My <600 GeV, corresponding to the CP asymmetry
€ ~0.2. While for the muon colliders, due to the higher
production rates and integrated luminosities, smaller
€~ 1073 can be probed and a much higher mass region
can be reached. At the 10 TeV muon collider, if the RHN is
as light as a few hundreds of GeV, leptogenesis with M, up
to 28 TeV can be probed via the off-shell process
Uy~ — Z'"* — NN. The 30 TeV muon collider can cover
a wider parameter space via the on-shell Z'Z or Z'y
production for M, up to 30 TeV, and via the off-shell
production for M, up to 100 TeV. We also notice that the
parameter space for M, ~ O(10 TeV) and My ~ 2 TeV is
not reachable for all collider setups, because the € needed
for BAU is too small (see the contours in Fig. 1). Although
larger € can be generated from tuning the AM which is a
free parameter, the resulting BAU will be greater than the
observation value. However, a band in this region can be
filled up by the 10 TeV muon collider for M, ~ 10 TeV,
due to the resonant enhancement of the Z'Z/Z'y process. In
summary, a considerable fraction of parameter space can be
probed at the future muon colliders.

IV. CONCLUSION

Both the BAU and tiny neutrino mass can be explained
simultaneously within the framework of the thermal lepto-
genesis via the RHNs. If two of the RHNs are nearly
degenerate, the scale of leptogenesis can be as low as
~100 GeV and hence accessible at current and future col-
liders. In this article, we take the B — L model as an example to
perform a study on the collider probe of the leptogenesis
mechanism. In this model, the new gauge boson Z’ mediates a
scattering process that tends to washout the BAU. Therefore, if
both Z" and N are at O(TeV) scale, a sizable CP asymmetry €
is needed to explain the observed BAU. In other words,
successful (resonant) leptogenesis can be realized via TeV
scale Z’, N and a sizable e, which are testable at the colliders.

We choose the channel Z' — NN — £*¢* +jets to
probe leptogenesis, as this process involves the three key
ingredients of the scenario: a new gauge boson Z’, the RHN
N, and the CP violation ¢ from the asymmetry between
N(¢t¢") and N(£~¢7). Three collider setups are consid-
ered: 13 TeV LHC with 3 ab™! and 10 (30) TeV muon
colliders with 10 (90) ab~!. At the LHC, the Z’ is produced
via the Drell-Yan process; while at the muon colliders, Z’
can be produced in association with a Z’ or y, or via the off-
shell s-channel fusion. We have shown that the back-
grounds are safely negligible after a set of selection cuts,
and hence the sensitivities for € can be derived under the
zero background assumption. Our quantitative study shows
that leptogenesis in the B — L model can be probed at the
LHC for 6 TeV S M, <12 TeV and My ~ TeV. At the
muon colliders, due to the higher signal rates, the projected
probe limits can cover M, up to 30 TeV or even higher. For
the 30 TeV muon collider, the leptogenesis can be probed
upto M, ~ 100 TeV via the off-shell production of Z'. Our
work demonstrates that the muon colliders can serve as a
machine to efficiently probe the early Universe dynamics.
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