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electron-proton collisions in the LHC tunnel

“Although the machine 
operation would 
become more difficult,
it is not unconceivable 
that the luminosity 
could eventually
approach or even 
exceed 1033 cm-2 s-1 …”



20 years later – linac-ring type e-LHC collider !



2008: Iinac-ring studies for LHeC



2009: ring-ring & ERL-based Iinac-ring LHeC



LHeC design report – ring-ring & linac-ring

J L Abelleira Fernandez et al 2012 J. Phys. G: Nucl. Part. Phys. 39 075001



2013: linac-ring LHeC as a Higgs factory



This report represents an update to the LHeC’s
conceptual design report (CDR), published in 2012.

2021 LHeC design report update - linac-ring only



2022: m+m+, m+e- collider – μTRISTAN

Y. Hamada, R. Kitano, R. Matsudo, H. Takaura, and M. Yoshida, μTRISTAN, Progress of Theoretical 
and Experimental Physics 2022, 53 (2022).

The ultra-cold muon technology developed for the 
muon g − 2 experiment at J-PARC provides a low-
emittance μ+ beam which can be accelerated and 
used for realistic collider experiments. We consider 
the possibility of new collider experiments by 
accelerating the μ+ beam up to 1 TeV. Allowing the μ+ 
beam to collide with a high-intensity e− beam at the 
TRISTAN energy, Ee− = 30 GeV, in a storage ring with 
the same size as TRISTAN (a circumference of 3 km), 
one can realize a collider experiment with the center-
of-mass energy √s = 346 GeV, which allows the 
production of Higgs bosons through vector boson 
fusion processes. We estimate the deliverable 
luminosity with existing accelerator technologies to be 
at the level of 5 × 1033 cm−2 s−1, with which the collider 
can be a good Higgs boson factory. μ+μ+ colliders up to 
√s = 2 TeV are also possible using the same storage 
ring. They have the capability of producing the 
superpartner of the muon up to TeV masses



2022 m-hadron collider – the new kid on the block !

2025



“The ultra-cold muon production rate can be enhanced by a factor of 𝒪(10⁵) compared to the J-PARC MLF 
configuration. This significant improvement results primarily from the efficient use of forward-going pions, which are 
transported to a large-scale multi-layered stopping target rather than being lost after the initial production. In 
contrast to the MLF configuration, where only pions that stopped within a thin region of the graphite target 
contributed to muon production, the μTRISTAN design introduces a recirculating 5 proton beam system for pion 
production. Each proton bunch is recirculated 40 times over a 10 mm graphite target, leading to an enhanced pion 
yield of 0.016 pions per proton. … This system integrates a dedicated compression ring with the existing RCS ring at 
MLF, enabling protons to repeatedly traverse the target for maximized pion generation.”

challenge: ultracold muon generation


