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Colliders：ee, pp, ep,...HL-LHC, CEPC, muon… 
未来对撞机
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Muon colliders have suppressed synchrotron radiation. 
● Clean events as in e+e- colliders
● High collision energy as in hadron colliders

But lifetime at rest only 2.2 μs.

Muon Collider interest Revived upon Muon Anomalies

link

http://hst-archive.web.cern.ch/archiv/HST2000/teaching/expt/muoncalc/lifecalc.htm
https://indico.cern.ch/event/867138/attachments/1954116/3245303/Muon_Collider_European_Strategy.pdf
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Muon Collider:  beam and background

Muon Ionisation Cooling Experiment (MICE) 

Muon Source Muon Beam Induced background

45 GeV

https://arxiv.org/abs/1905.03725
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Neutrino Beam
B. J. King    hep-ex/0005007

NuTeV
Neutrino-Nucleon Scattering
NuMAX
NuSOnG
Neutrino Scattering on Glass
nuSTORM
"Neutrinos from STORed 
Muons," …for neutrino oscillation 
searches  

很多中微子打靶实验，但是没有head-on对撞构想

https://arxiv.org/abs/hep-ex/0005007
http://arxiv.org/abs/hep-ex/0110059
http://arxiv.org/abs/1803.07431
http://arxiv.org/abs/0803.0354
http://arxiv.org/abs/1206.0294
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Neutrino Beam from 1TeV Muon beam

Highly collimated in angle, yet widely distributed in Energy

“Parton Distribution 
Function”
Included in 
MadGaph



Neutrino Collider

A small modulation of the muon decay 
angle through vertical bending, symbolized 
by the squiggly line, is used to focus the 
neutrino beam.

810-100/fb in 10 years
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Single W production
Kink Structure from W threshold in convolution with Beam PDF
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Single W production

Larger MW   →
Higher incoming neutrino Energy   →
Larger outgoing Muon Energy (More boosted)

If  pT(outgoing muon) > 40 GeV 
the cross sections with MW = 80.4 (80.41) 
are 166.2 (167.6) pb. 

Based on a simple counting experiment, 
a 10 MeV accuracy on MW can be achieved 
with an integrated luminosity of 
only 0.1 fb−1. 
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Robustness
We varied the incoming muon and electron
beam energy by 0.5 GeV and 10 MeV, 
respectively, which are quite conservative 
following previous refs. 

We found that the cross sections changed 
by about 0.6 pb for both variations. 

This uncertainty could be mitigated by
using the shape of the outgoing muon 
energy, by scanning different incoming beam 
energies, or by calibrating
the incoming muon beam energy with the 
electron decay products.
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More Physics

Anomalous Zνν couplings

⇚
leptoquark



Summary
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● An neutrino-lepton collider is quite sensitive to W mass
○ 10MeV accuracy with 0.1/fb!
○ Many options for various Physics

■ Electron Neutrino  +  Electron/Muon
■ Muon Neutrino + Muon/Electron

● A neutrino lepton collider is both a novel idea in itself, and may 
also be a useful intermediate step, with less muon cooling 
required, towards the muon-muon collider.

● We urge the community to consider this new option seriously.

νν?
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Backup
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