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Why a workshop
The very strong presence of muon colliders (𝜇C) in the Snowmass process 
triggered the Kavli Institute for Theoretical Physics (KITP) interest for hosting a 
“rapid response” workshop

• Reach out to the community and discuss frankly “distance from real axis”
• Input to “Elementary Particle Physics: Progress and Promise” study group by 

NAS, and P5 discussions

Nathaniel Craig as local organiser formed the coordinators team 

Application was submitted by the team and approved by KITP

• KITP rapid response WS are 2-weeks, restricted participation events (<30 
people total) aimed at discussions/collaborations

• Every participant gets an office and accommodation funded by KITP
• Format foresees order one talk plus one discussion session per day

The event took place in the weeks of February 27th - March 10th
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Workshop programme Links to videos and slides 
https://online.kitp.ucsb.edu/online/m
uoncollider-m23/

https://online.kitp.ucsb.edu/online/muoncollider-m23/
https://online.kitp.ucsb.edu/online/muoncollider-m23/
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Closing day: accelerator panel discussion

Discuss only about Muon Collider technical feasibility to 
expose and address real or perceived limitations

Panel composed of “proponents” and “opponents”

• No recording to allow people to freely express their thoughts
• Transcript will be made available

In reality, “opponents” did not “oppose” much. More like a friendly discussion

• Nobody (among panelists) doubts that is it worth investing in 𝜇C
• However, it’s unclear if the event will help with skeptics

Globally, many participants have learnt at the workshop that the 𝜇C is more 
close to the real axis than they had thought



Broader-than-𝜇C
Highlights
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Messaging for particle physics (1/3)
Many outlined the need of a novel narrative for collider physics

• Move away from “discovery stories” and specific BSM models

There are at least two ways to do this:

Ask the right questions [Ian Low’s wording]

• Sharp conceptual or empirical questions the SM cannot answer to
• Of clear and general interest (e.g. Dark Matter, Composite Higgs, ...)
• BSM models are placeholders that illustrate possible answers, not our target

Define a SM physics case [Ian Low, Markus Luty, Nathaniel Craig, Andrea Wulzer] 

• We are the only scientific community that is perceived as talking of its daily 
work (despite loving it!) as an uninteresting technicality towards the Big Thing

• Very difficult for us to spell out the excitement of predicting and observing new 
phenomena in the SM

• This attitude must change

Plenty of opportunities at the 𝜇C: e.g. Electroweak Radiation and 
Electroweak Restoration
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Messaging for particle physics (2/3)

“We need to learn how to say that going into probing the world at short distances 
should be at least as exciting as looking deeper into the universe” - Liantao Wang
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Messaging for particle physics (3/3)
Drawing precision physics (Higgs 
potential) [Nathaniel Craig]

• Potential is not physical/measurable
• Drawing does not make experts 

happy
• But, makes the goal clear and 

accessible 
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Sustainability (1/2)

HEP’s carbon footprint must be kept to a minimum

We know already that a 𝜇C is the most power-efficient option for the 10 TeV scale

• Power consumption is not the full story

arXiv: 2007.15684
arXiv: 2003.09084 

FCC-ee

ILC

CLIC

Muon 
Collider

LHC
FCC-hh

https://arxiv.org/abs/2007.15684
https://arxiv.org/abs/2003.09084
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Sustainability (2/2)

Recent study from P. Janot and A. Blondel (2208.10466) became very visible

Triggered interest in conducting a systematic evaluation of future collider options

• Remove geographical dependence from estimates
• Start from unbiased numbers, agreed across collider projects 

- e.g. Snowmass ITF report (2208.06030)?
• Agree on figures of merit

Attempt to account for:

• Excavation
• Building and collider materials

https://arxiv.org/abs/2208.10466
https://arxiv.org/abs/2208.06030


Background image credit: L. Lee

Physics
Highlights



Page 15 | F. Meloni | Future Colliders @ DESY | 28/04/2023

Electroweak radiation
A. Wulzer

https://online.kitp.ucsb.edu/online/muoncollider-m23/wulzer/pdf/Wulzer_Muoncollider23Conf_KITP.pdf
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D. Buttazzo

https://online.kitp.ucsb.edu/online/muoncollider-m23/buttazzo/
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Exotic signals
R. Capdevilla

Many exotic and long-lived 
signals are less developed at 
𝜇C because we need to 
study their interplay with 
beam-induced backgrounds

https://online.kitp.ucsb.edu/online/muoncollider-m23/capdevilla/pdf/Capdevilla_Muoncollider23Conf_KITP.pdf
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Synergies with neutrinos Z. Tabrizi

The straight sections of the collider complex have a unique potential to study 
high-energy neutrino scattering

• 105 / m / bunch x 100 m x 105 kHz x 107 s/year = 2 x 1019 neutrinos year 
• Neutrino interaction probability 4 x 10-10 x [E/TeV] x [L/m] x [density/g cm^-3]
• At 1 km, the neutrino beam section will be O(10 cm)

https://online.kitp.ucsb.edu/online/muoncollider-m23/tabrizi/


Detector
Highlights

Background image credit: L. Lee
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Detectors for 10 TeV
L. Lee

Physics reach of a 
multi-TeV 𝜇C relies 
on (among other 
things) successful 
detector R&D 
program today

https://online.kitp.ucsb.edu/online/muoncollider-m23/lee/pdf/Lee_Muoncollider23Conf_KITP.pdf
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Forward muon detection

Studies with FLUKA

• Optimisation of IR region, nozzles
• Characterise muons passing 

through material

arXiv: 2303.14202

M. Ruhdorfer

Very forward products
Need to instrument the 
forward region! 

D. Calzolari

https://arxiv.org/abs/2303.14202
https://online.kitp.ucsb.edu/online/muoncollider-m23/ruhdorfer/
https://online.kitp.ucsb.edu/online/muoncollider-m23/calzolari/


Background image credit: L. Lee

Accelerator
Highlights
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Cooling the beams
K. Yonehara, 

S. Berg

M. Palmer

Exploit muon energy losses in material to 
cool beam, accelerate in desired direction

Principle demonstrated by MICE (0.9 
reduction), repeat for O(1km)

https://online.kitp.ucsb.edu/online/muoncollider-m23/berg_yonehara/rm/jwvideo.html
https://online.kitp.ucsb.edu/online/muoncollider-m23/berg_yonehara/rm/jwvideo.html
https://online.kitp.ucsb.edu/online/muoncollider-m23/palmer/rm/jwvideo.html
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The 12 miracles
In the past (last P5), a list of “miracles” 
was seen as a substantial problem for 
a Muon Collider to happen
Today, none of these are miracles anymore

1. Pulse compression of multi-MW proton beam to a few ns-long bunch
2. Multi-MW, small cross-section area targets, at low energy (~10 GeV)
3. Many-Tesla capture solenoids in a high-radiation area
4. Many-Tesla cooling channel solenoids
5. High-gradient RF in solenoidal fields
6. 6D ionization cooling, and emittance matching
7. Very-Rapid-Cycling Synchrotron Dynamics
8. Very-Rapid-Cycling Synchrotron Magnets
9. Open aperture storage ring magnets
10. Extremely low-beta collider ring dynamics
11. Neutrino-induced radiation
12. Detector shielding and rates

arXiv: 2303.08533 

Excellent example of physicists killing 
their own projects by miscommunication
Recommend to erase these pictures from 
existence

https://arxiv.org/abs/2303.08533


Background image credit: L. Lee

Closing notes
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Preparation for P5
We had talks/discussion sessions about P5, that helped our US colleagues to set 
up their plans
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Would you like to know more?

19-22 June 2023

Free for virtual 
attendance

Register here! 

Come to the next IMCC annual meeting

https://indico.cern.ch/event/1250075/registrations/
https://indico.cern.ch/event/1250075/
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Summary
Overall, this was one of the most (if not the most) productive workshop I ever 
participated in.

• Format very different from the “usual” HEP workshop or conference
• Incredible level of enthusiasm from participants, from early-career 

researchers to researchers-who-won’t-see-any-future-collider

Impact on the immediate and medium term

• Started US Muon Collider R&D Coordination Group
• Will start a set of “Muon Collider Physics Studies” meetings within IMCC
• NAS panel long-term vision will help with medium-to-long term perspectives

I’ve only highlighted a few of the MANY interesting topics that were discussed

Find out more at https://online.kitp.ucsb.edu/online/muoncollider-m23/

https://online.kitp.ucsb.edu/online/muoncollider-m23/


Thank you!

N. Arkani-Hamed full talk

https://docs.google.com/file/d/1-oL_CygKqStb01dGobbodbhbTjGs9SAl/preview
https://online.kitp.ucsb.edu/online/bblunch/arkanihamed4/
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The 12 miracles challenges
Many thanks to S. Jindariani, 

D. Schulte, and M. Wing for inputs 
and useful discussions
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Detection Environment 

Expected (FLUKA simulation) to be approximately: ~1014-15/cm2/y in the tracker
~1014/cm2/y in the ECAL

1-MeV-neq fluence for one year of operation (200 days)

2105.09116 

FCC-hh requirements
~1018/cm2 

https://arxiv.org/abs/2105.09116
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Detection Environment 

Expected (FLUKA simulation) to be approximately: ~10-3 Grad/y in the tracker
~10-4 Grad/y in the ECAL

Total Ionizing Dose for one year of operation (200 days)

2105.09116 

https://arxiv.org/abs/2105.09116

