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Realzation of a future collider wil require resources at a global scala and will be built through a world-wide
collaborative effort where decisions will be taken callectively fram the cutzet by the partners. This differs fram
current and past imtermational projactz in particle physics, where individuzl laboratories started projects that
ware later joinad by other mboralorias, Tha propesed program aligna with the lang-term ambition of hasting
a major international collider facliity in the US, leading the global eflort to understand the fundamental
nature of the universe.

Majorana neutrinos (lepton number violation)

» t-channel processes is less sensitive to the mass

In particular, 8 muen collider presents an attractive opticn both for technelogical innovation and for bringing
anergy frontisr collidars back to the US, The footprint of a 10 TeV pCM muon collider is almost exactly the
size of the Fermilab campus. A muon colider would rely on g powearful multi-megawsatl proton driver
delivering very intense and short beam pulses fo a farget, resulting in the preduction of plans, which in turn
decay irta muons. This cloud of muons needs to be captured and cooled before the bulk of the muons have
decayed. Once cooled into a beam, fast acceleration is required to further suppress decay losses.

of the intermediate particle

> the cross section of VBF(Vector Boson Fusion)

.;l-thuugh we do not know if a muon collider is ultimately feasible, the road toward it leads from currant
Farmilab strengths and capabilities to a serkes of proton beam improve ments and neutring beam Tacilities,

THE DREAM MACHINE

An accelerator known as a muon collider could revolutionize particle physics—if it can be built

process at the TeV mass scale decreases more

each producing world-class science while performing critical RSD towards a muon collider. At the end of the
path is an unparalleled giohal facility on LS soil. This is our Muon Shat.
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» Muons are one of the most basic building blocks of the

upper limits on the heavy
95% CL upper limit
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> In type-I seesaw model, the small masses of SM neutrinos can be explained by T wt
a suppression due to the high mass of new particle (Majorana neutrino). Model: " This pretessisd ppcal LN progess
SM HeavyN NLO " ; - : :
s Biracmassand Majorana messaredenned by'tie (agrangian: N, This process related to the mediation by Majorana neutrinos.
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Three final states:

® Pure leptonic channel:

A smashing idea
A muon collider would smash high-energy muons—heavier, unstable cousins
of electrons—into their antiparticles in two huge particle detectors. In its

muons, wrangle them into compact beams, and smash
them together in the few milliseconds hefore the |
particles decay, They'll also have to cope with

neutrino mixing

Proton source  Muon source lonization cooling

channels

Low-energy rapid
cycling synchotron

From Science

— High-energy rapid
T /— cycling synchotron

{~10-km circumference)

Particle detector

Universe, but they have never been used in a particle

ability to blast out massive new particles, it should rival a more e — collider
— conventional proton collider running at an energy 10 times as high. 1t / .
i . 3 would also be smaller and potentially much cheaper—if it can be . .
il } ThlS IS ﬂ]E current CM&, measurement ﬂf built. To make a muon collider, physicists will have to generate // Collider ring } muon—muon culhsmns are ElEﬂIlEl‘ thﬂll prutun—prntnn

collisions and thus can lead to higher effective c.m. energy.
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QESSEE'ES element |V | at the 95% C.L. as a function o W . AN » muon collider could be much smaller and cheaper than a
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» massive muons emit much less synchrotron radiation than

electrons, muons can be accelerated in a circular collider to

higher energies with a much smaller circumference.

The challenge, if you want to capture it in
one word, is that the muon is unstable.

Cooling, BIB......

Majorana Neutrinos Study at Same-Sign Muon Collider

collider with Majorana Neutrinos generation.

Simulation Results

® Pure semi-leptonic channel:

® Hadronic resolved channel:

® Hadronic merged channel:
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Results—Limit Line

Vanishing imirial condition
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Ihcrmal imitial condifion
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» 20 exclusion limit of squared mixing element

|VuN|zas a function of varying Majorana

neutrino mass My.
» Our analysis can give the strongest limitation

Initial results:

Evarishin

» Full simulation can match well with fast
simulation.

» Full simulation can reconstruct muons

when mass region above 10 TeV.

better than fast simulation.

Future—Improv Full

Simulation
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» Electron ID and photon ID fore/y

reconstruct.

» Add BIB(Beam Induced Background)

» For more simulation: SM, new
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