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1. Muon collider

Recently, due to the technological breakthrough of the 1onization cooling by the Proton Driver FrontEnd | Cooling Acceleratior Collder Ring
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At the high-energy muon colliders, the 1nitial muon beams substantially emit the ok 2 |t

electroweak gauge bosons under an approximately unbroken SM gauge symmetry. Fig. 1 The schematic layout of the muon collider based on

The gauge bosons are associated with muons or muon-neutrinos in the forward region ~ tWo kinds of source scheme. [arXiv:1808.01858]

with respect to the beam. The behave of EW gauge bosons like initial state partons and lead to vector boson scattering (VBS) processes. The

VBS becomes an increasingly important mode as colliding energies go higher. As an instance, the tt pair prodcution at muon collider, the

contribution of total cross section from VBS process 1s more important than i1 annihilation process, as shown 1n Fig. 2.

2. HNLs

It is well-know that, the neutrino masses can be realized at leading order through a dimension-5 operator L L H H. The minimal UV

realization of this operator is the Type I Seesaw mechanism. The right-handed neutrinos can possess a Majorana mass term (M gr) and they are
usually referred as the heavy neutral leptons (HNLs) which will be denoted as the N

below. The HNLs can be realized 1n canonical Type I and Type III Seesaw mechanisms.

The neutrino Yukawa interactions in Type I Seesaw are

L 1
—LL =Yl HNR + §(NC) . MrNp + h.c.

After the mass mixing, one can obtain an important mixing matrix V pp transiting

heavy neutrinos to charged leptons in the mixed mass-flavor basis.
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Recently, there arose quite a few studies of searching for HNL at muon colliders. They proposed that an HNL can be produced together with a

light neutrino vy, u*u~ — N, Dy, which cannot tell whether the HNL is Majorana or Dirac fermion because of the missing neutrino in final

states. An alternative approach to search for Majorana neutrino is to consider the inverse Ov B B-like channel u*tut - W+*W which

however relies on a same-sign muon collider.

3. Results

In this work, we propose a clear way to search for the HNLs and > VN

obtain the exclusion limit on mixing matrix V pp at muon colliders. - .
However, for mixing parameters
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The LNV signatures can be produced through VBS processes
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Fig. 4 The 20 exclusion limits to

> VuN cross section 1s exceeded by VBS V.2 at wtu- and gt ut collider.

production at high energies.

The 20 exclusion limits to the mixing parameter [V, ~ |4 through

VBS processes at the 11711~ and u™* 1+ muon colliders are shown in

Fig. 3. Compared to the results, " Moreover, for different charged
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Fig. 5 The 20 exclusion limits to
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Fig. 3 The 20 exclusion limits to

high-energy muon colliders.
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