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Remarkable how far we’ve come

“Who ordered that?” - 
1930s

Conferences devoted to 
exploiting muons 2020s





 There are multiple aspects as to why we care 
about muons so much

• Using muons as a tool because they have practical properties that other 
particles in the SM don’t have


• Studying muons directly because they give us a window into flavor and 
testing the second generation


• Provide a natural portal to other sectors of the SM and potentially beyond

What this workshop is about is learning from each other and finding both 
synergies and ways to help other parts of the growing muon community!



I come at this from a high energy theorist side, so I think a muon collider is 
the most powerful and quickest way to get to the 10+ TeV energy scale



I come at this from a high energy theorist side, so I think a muon collider is 
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But I also have written 100 TeV pp papers and circular and linear  
papers, so how did I get here or is this just the flaky theorist stereotype 

who is only concerned about energy coming through?

e+e−
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“What did I find most surprising in 
Snowmass? That theorists wanted to talk to 

us”  
Vladimir Shiltsev (Fermilab Accelerator Physicist)



I come at this from a high energy theorist side, so I think a muon collider is 
the most powerful and quickest way to get to the 10+ TeV energy scale

Theory Experiment

Goes much further as this was my airplane reading - Daniel, 
Chris, others I’m happy for more reading suggestions this week!



Need to push this even further for/during a demo 
program and a lead up to a muon collider

TARGET FUTURE PROSPECTS
Future tasks will involve:
• Continuation of CFD studies of a single pulse transient

analysis, and further assessment, via fluid-structure
interaction (FSI), of vessels.

• Shielding cooling optimisation.
• Evaluation of the damage caused by radiation levels of

the Muon Collider target, coupled with post irradiation
examination of the CNGS target.

• Characterisation campaign of graphite in high tem-
perature and radiation levels under torsional loads,
and investigation into 3D Carbon/Carbon [14] thermo-
mechanical behavior.

• Development the full assembly mechanical design de-
tails.

• Technical feasibility studies of a heavy liquid metal
target. Liquid metal targets do not su�er fatigue, are
easy to cool and less a�ected by shock waves, but it is
a targetry technology that is yet to be mastered.

DEMONSTRATOR FACILITY
A demonstrator facility could be fundamental in the future

to assess the feasibility of the di�erent systems and critical
technologies of the Muon Collider. Particularly, the produc-
tion target and the muon cooling section. Assuming a first
siting at CERN, two locations for its implementation have
been explored: the ISR option and the TT10 option.

ISR
The first proposal considers a small scale demonstrator

inside the Intersection Storage Rings (ISR) complex on the
CERN Meyrin site. The facility would be located at the
surface level, leading to reduced civil engineering works.
Moreover, the existing infrastructure could be used for the
demonstrator, such as the TT7 extraction line which could
be extended for the extraction of the proton beam from the
Proton Synchrotron (PS) to the proposed test facility. The
negative aspect of this configuration is the impossibility to
be expanded into a final facility at a later stage. The radio
protection limitations due its location and the existence of
the surrounding buildings would limit this proposal to an
ultimate 10 kW beam power demonstrator.

TT10
The second proposal brings the demonstrator under-

ground, at the same depth as CERN’s Super Proton Syn-
chrotron (SPS). A dedicated extraction line from the TT10
injection to SPS would deliver the 26 GeV/c proton beam
from the Proton Synchrotron (PS) to the demonstrator facil-
ity. Together with the strategic location in the molasse, 40
meters underground, the 7 ns bunches of 1.0 · 1013 protons
would allow the exploitation of the test facility up to approxi-
mately 80 kW, corresponding to roughly the maximum beam
power the PS could o�er in dedicated mode. As opposed
to the first option, the TT10 layout would be compatible
with a second stage upgrade to the final Megawatt-range

Muon Collider Facility. Naturally, this layout would require
a higher initial investment, despite presenting a long term
cost benefit.

In this proposal, a conceptual 3D layout has been made
(Fig. 6). The target complex and the cooling section are phys-
ically separated and accessible via di�erent shafts (Fig. 7) to
allow interventions in the cooling part without being limited
by the cool-down time of the target area. The target lies
in a trench and is handled remotely, an approach employed
in other facilities [11, 12, 15] and studies [16–18]. A dedi-
cated tunnel for the target systems’ services and a zone for
radioactive storage are also present.

Figure 6: TT10 Muon Collider demonstrator concept at
CERN.

Figure 7: Target complex (blue dashed area) and cooling
area (red dashed area) of the TT10 layout.

CONCLUSIONS
Summarising the main aspects shown in the present paper:

peak temperatures, and therefore, peak stresses, decrease
with wider beam sigma and faster frequencies. This is due
to the energy density dispersion in space and time. The
present target withstands a 1.5 MW/ 5Hz/ sigma 5mm single
pulse with a Christensen factor of 0.27. It is possible to use
static helium to cool the isostatic graphite target; and to use
a forced flow of water to cool the vessels and shielding.

CERN presents the conditions to host a Muon Collider
demonstrator as a conceptual proposal for a major complex.
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How do we get the most science out of any demo 
program? Beam dumps? Neutrinos? What else?

Esteban et al. IPAC conference proceedings 
https://inspirehep.net/literature/2137202

https://inspirehep.net/literature/2137202


Synergies and interests of course go beyond a 
muon collider which is why many of you are here

Muons offer exquisite probes of the SM that are 
being conducted worldwide 



Cross fertilization and feedback is important in 
many directions

SM Higgs BF is bounded by  based on current 
 constraints

≲ 10−8

μ → eγ

case of strong coupling

composite Higgs plot

Taladthggs precision

Kappa or EFT
don't be beholden to formalism

Main backgrounds 2,0 h's

n

CMS  H → e±µ∓ Search          PAS HIG-22-002 

20Chertok BSM Higgs LHCP 2023
B(H125 → eµ) < 4.4 obs (4.7 exp) x 10-5



Precision can give targets for colliders
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Cosmic rays for cultural heritage
24 April 2023

Taking advantage of detectors used for particle physics, cosmogenic muons are
becoming powerful tools for non-destructive imaging of large structures such as
pyramids. Physicist and muographer Andrea Giammanco explains.

In 1965, three years before being awarded a Nobel prize for his decisive contributions to
elementary particle physics, Luis Alvarez proposed to use cosmic muons to look inside an
Egyptian pyramid. A visit to the Giza pyramid complex a few years earlier had made him
ponder why, despite the comparable size of the Great Pyramid of Khufu and the Pyramid of
Khafre, the latter was built with a simpler structure – simpler even than the tomb of Khufu’s

CULTURE AND HISTORY | FEATURE

Structural secrets Muon tomography is helping researchers to solve some of the enduring mysteries
surrounding the pyramids of Giza. Credit: iStock/Kateryna Kolesnyk

The uses for muons extend far beyond just HEP 
but also benefit from HEP techniques/detectors



The uses for muons extend really far beyond just 
HEP



My standard slide I use in muon collider talks…

μSR

16



So let’s come together and see how much we can learn and 
accomplish these next few days in this bellissimo ambiente! 

We have plenty of time for discussion especially 
on the last day


