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ü Share our views and plan for next year and future in a nice environment
è Thanks to LNF’s group: Ivano + Cristina, Eleonora, Elisa…..

ü News on organization  and near future deadlines

ü Cooling Cell design, integration and operation
è Test facilities è synergies

ü Demonstrator: motivations, synergies 

ü Accelerator technology: activities and projects approved by  INFN MAC

ü Machine Detector Interface studies è Lattice design
è Beam Induced background

ü Physics: where we are and what is needed to further studies 
è identify benchmarks

ü Full simulation (Delphes ?) 
è design experiment @ 10 TeV and study different physics

ü Detector magnet   è constraints

ü Detector R&D è Detector Roadmap implementation è DRD collaborations

Goals of the collaboration meeting
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ü Publication and Speaker Committee

ü Parameters document: MuCol milestone https://mucol.web.cern.ch/
https://cernbox.cern.ch/s/NraNbczzBSXctQ9

ü Interim Report

News on organization

https://mucol.web.cern.ch/
https://cernbox.cern.ch/s/NraNbczzBSXctQ9
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Publication and Speaker Committee
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Interim Report
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Interim Report



Sommario persone/sedi coinvolte e attività 

TOT FTE 
24,11

RD_MUCOL
20,40

MuCol
2,40

I_FAST
0,15

AIDAinnova
0,30

PNRR-IRIS
0,80

PRIN
inclusi RD_MUCOL 

SEDE FTE MuCol AIDA PNRR

*100 I.FAST IRIS FISICA/SIMUL DETECTOR ACCELERATOR COMMENTO PRIN

RD_MUCOL aMUSE

BA 230 x x Fisica  HCAL (DRD1/DRD6)  HPTPC (DRD1) Calo

BO DTZ 125 x x Fisica teo e Fast ramping Magnets

FE DTZ 50 x Cristalli manipolazione fasci mu e Calo

GE DTZ 95 45 x Magneti

LNF 300 x CRILIN (DRD6) Calo

LNL DTZ 5 5 x RF +( bersagni sottili)

LNS DTZ 0 20 x RF

MI 145 90 80 x Magneti e RF (40 sj)

MIB DTZ 30 x Test facility-dimostratore

NA DTZ 20 x RF

PD 325 20 x x Fisica Detector Calcolo MDI Dimostratore

PV 185 30 x x Fisica e picosec+ generatori teo gas

RM1 260 20 10 x MDI fisica e bersagli/materiali 

RM3 DTZ 50 x fisica - bersagli e finestre sottili

TO 215 20 6 x x x fisica R&D det (DRD3)  MDI e cooling cell gas - tracker

TS DTZ 5 20 5 x x fisica e ricostruzione

ATTIVITA'

PERSONE
116+2

RD_MUCOL
106

MuCol
4

I_FAST
-

AIDAinnova
1

PNRR-IRIS
5

PRIN
inclusi RD_MUCOL 

Sinergie su fondi esterni EU e MUR dedicati è contribuiscono a definire sedi con FTE ≥ 𝟐
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International Collaboration

Objective: 
In time for the next European Strategy for Particle Physics Update, the Design Study based 
at CERN since 2020 aims to establish whether the investment into a full CDR and a 
demonstrator is scientifically justified. 

It will provide a baseline concept, well-supported performance expectations and 
assess the associated key risks as well as cost and power consumption drivers. 
It will also identify an R&D path to demonstrate the feasibility of the collider. 

Scope: 
• Focus on the high-energy frontier  and two energy ranges: 
– 3   TeV if possible with technology ready for construction in 10-20 years 
– 10+ TeV with more advanced technology, the reason to choose muon colliders 
• Explore synergies with other options (neutrino/higgs factory) 
• Define R&D path 

Project Leader:  Daniel Schulte 

Web page:   http://muoncollider.web.cern.ch 
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http://muoncollider.web.cern.ch/


Colliders timescale: Snowmass 2021 
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Figure-of-merit Peak 
Luminosity (per IP) per 
Input Power and 
Integrated Luminosity 
per TWh. 
Luminosity is per IP and  
integrated luminosity 
assumes 107 sec/year
Data points are provided 
to the ITF by proponents 
of the respective machines. 
The bands around the 
data points reflect 
approximate power 
consumption uncertainty for the different collider concepts.

Snowmass’2021 AF-EF-TF: Collider Implementation Task Force Report

Figure 4: Figure-of-merit Peak Luminosity (per IP) per Input Power and Integrated Luminosity per
TWh. Integrated luminosity assumes 10

7 seconds per year. The luminosity is per IP. Data points are
provided to the ITF by proponents of the respective machines. The bands around the data points
reflect approximate power consumption uncertainty for the different collider concepts.

4.3 Facility size

An overview of collider sizes (as provided by proponents) is shown in column 3 of Tab. 16. Collider
Size refers to either the length of a linear collider (main linac plus final focus) or the circumference of a
circular collider main ring, without the injector complex. The ITF defined four size categories (shown
in Tab. 16): light blue (1) for colliders that are designed to be shorter then 10 km, medium blue (2)
for colliders between 10-20 km, blue (3) for colliders between 20-50 km and dark blue (4) for machines
with a length or circumference larger than 50 km.

The length of HEP linear colliders is typically dominated by the distance required for particle ac-
celeration and is proportional to final beam energy (approximately the product of 2⇥ the final beam
energy and the accelerating gradient). Using acceleration technologies with higher accelerating gradi-
ents allows to decrease acceleration length and is responsible for the different lengths of similar energy
linear colliders. For example, superconducting radio-frequency cavities accelerate with a gradient of
⇠ 30 MV/m (ILC), CLIC is based on the two-beam acceleration scheme with copper cavities and ac-
celerates with ⇠ 100 MV/m, while plasma-based accelerators can provide peak gradients of 103 � 10
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MV/m (LWFA, PWFA). Adding to the length required for acceleration is the length required for the
beam delivery system (final focusing), which also increases with increasing with beam energy.

Overview of linear collider sizes:

• < 10 km, Category 1: CCC (0.25 TeV), XCC (0.125 TeV), LWFA (3 TeV), LWFA (15 TeV)

• 10� 20 km, Category 2: ReLiC (0.24 TeV), ILC (0.25 TeV), CLIC (0.38 TeV), PWFA (3 TeV),
SWFA (3 TeV), PWFA (15 TeV)

• 20� 50 km, Category 3: ERLC (0.24 TeV), CCC (3 TeV), CLIC (3 TeV)

Page 24

Luminosity per 
power consumption

The effective energy reach of hadron colliders (LHC, HE-LHC and FCC-hh) is 
approximately a factor of seven lower than that of a lepton collider operating at the same energy per beam 

Energy efficiency of present and future colliders 
Thomas Roser et al. Aug 2022
Report of the Snowmass 2021 Collider Implementation Task Force

https://arxiv.org/abs/2208.06030


Options @ 10 TeV Scale 
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PPPPP
• 4 Town Hall Meetings è physics & detector @ BNL

è accelerators @ SLAC 
• P5 Report by October-November 2023
• Accelerator Complex Evolution (ACE) plan @ FNAL 



International Design Study facility
• Focus on two energy ranges: 
3   TeV technology ready for construction in 10-20 years 

10+ TeV with more advanced technology

Cost and power consumption drivers, limit energy reach
e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring

Drives beam quality:
challenging design and components

Dense neutrino flux
mitigation and site 

Beam induced 
background

Proton driver production as baseline 

10+ TeV

completely new regime 

to explore!
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IMCC plans  
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Plan

The panel has identified 
a development path that

can address the major 
challenges and deliver a 

3 TeV muon collider by 2045
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Aspirational Minimal

[FTEy] [kCHF] [FTEy] [kCHF] 

445.9 11875 193 2445

~70 Meu/5 years

Scenarios

Accelerator R&D Roadmap
Detector R&D Roadmap

10.23731/CYRM-2022-001
10.17181/CERN.XDPL.W2EX


Organization after the Roadmap
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MoC signed by CERN CEA INFN STFC-RAL ESS IHEP 
and different universities in EU, US, China 

• Collaboration Board (ICB)
• Elected chair : Nadia Pastrone

• Steering Board (SB)
• Chair Steinar Stapnes, 
• CERN members: Mike Lamont, Gianluigi Arduini, 
Dave Newbold (STFC), Mats Lindroos (ESS), 
Pierre Vedrine (CEA) , ICB chair and SL and deputies 

• International Advisory Committee (IAC) to be formed

• Study Leader Daniel Schulte
• Deputies: Andrea Wulzer, Donatella Lucchesi, Chris Rogers

Dario
Giove Lucio 

Rossi

Donatella 
Lucchesi

Resources – Addenda – Grey Book @ CERN  



Key Challenge Areas 
• Physics potential evaluation, including detector concept and technologies 

• Impact on the environment 
– Neutrino flux mitigation and its impact on the site (first concept exists) 
– Machine Induced Background impact the detector, and might limit physics 

• High-energy systems after the cooling (acceleration, collision, ...) 
– Fast-ramping magnet systems
– High-field magnets (in particular for 10+ TeV)

• High-quality muon beam production
– Special RF and high peak power  
– Superconducting solenoids  
– Cooling string demonstration (cell engineering design, demonstrator design) 

• Full accelerator chain 
– e.g. proton complex with H- source, compressor ring  è test of target material

High energy complex requires 
known components 
è synergies with other future colliders 
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Design Study activities: EU project
HORIZON-INFRA-2022-DEV-01-01: 
Research infrastructure concept 

development
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Total EU budget: 3 Meu start March 1 ‘23 – 4 years  
18(+14) beneficiaries (associated)

MuCol study will produce a coherent description of a novel particle 
accelerator complex that will collide muons of opposite charge at the 
energy frontier. The study will target a centre-of-mass energy (ECM) 
of 10 TeV with 3 TeV envisaged as a first stage.
The main outcome of MuCol will be a report documenting the facility design that should demonstrate 
that:  
• the physics case of the muon collider is sound and detector systems can yield sufficient resolution and 

rejection of backgrounds; 
• there are no principle technology showstoppers that will prevent the achievement of a satisfactory 

performance from the accelerator or from the detectors side; 
• the muon collider provides a highly sustainable energy frontier facility as compared to other 

equivalent colliders;
• exploiting synergies with other scientific and industrial R&D projects, a valuable platform to provide 

Europe a leading edge not only in terms of discovery potential, but also for the development of 
associated technologies. 

The final report will include a thorough assessment of benefits and 
risks of the accelerator and detector complex, including an 
evaluation of the scientific, industrial and societal return beyond 
high-energy physics, the cost scale and sustainability of the complex 
and the impact arising from an implementation on the CERN site.

INFN 510 keu UniMI 300 keu UniPD 100 keu +   associate partners: UniBO, UniPV



EU project: WP 
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WP 2: Physics and Detector Requirements  
Leader D. Lucchesi Univ. PD + INFN (M. Casarsa) + many + + Univ. PV associated
Link to the physics and detector studies, to provide a database with Beam-Induced 
Background (BIB) to the physics community and maintain a simplified model of the detector 
for physics studies. Based on feedback from the physics community, it will provide feedback 
and guidance to the accelerator design.

WP 3: The Proton Complex  
Leader ESS-CERN-UU
key challenge of the proton complex design, the accumulation of the protons in very high-
charge bunches and determine the required basic parameters of the complex.

WP 4: The Muon Production and Cooling  
Leader STFC-CERN+ UK
Production of the muons by the proton beam hitting a target and the subsequent cooling

WP 5: The High-energy Complex  
Leader CEA(Antoine Chance)-CERN-STFC-INFN (F. Collamati) only MDI 
Acceleration and collision complex of the muons. Interaction Region and Machine Detector 
Interface. 



EU project: WP 
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WP 6: Radio Frequency Systems
Leader INFN(D. Giove - MI – LNL – LNS - NA) CEA(Deputy) -CERN++++

Radio Frequency (RF) systems of the muon cooling and the acceleration complex.

WP 7: Magnet Systems
Leader CERN(L. Bottura)-CERN+++ INFN(GE, MI, BO) + Univ. BO associated

Most critical magnets of the muon collider. In particular focus on the solenoids of the 
muon production and cooling, which are specific to the muon collider. The fast-ramping 
magnet system, which has ambitious requirements on power flow and power efficiency 
and limits the energy reach of the collider,

WP 8: Cooling Cell Integration
Leader CERN(R. Losito)+Univ. MI (L. Rossi)-STFC-INFN(M. Statera – mag. e D. Giove – RF) 
Design of the muon cooling cell, which is  a unique and novel design and which faces 
integration challenges: interact to address the challenges of the muon collider concept. 



Highlights 2023

• INFN at the 2025/6 ESPP: new resources March

• MuCol EU project launched – start April 1 – kick-off March 28

• Second Annual Meeting iFAST – April 17-21 @ Trieste 
https://indico.cern.ch/event/1204855/

• Muon4Future @ Venice May 29-31 https://agenda.infn.it/event/33270/

• IMCC Annual Meeting @ Orsay – June 19-22 + Synergy workshop ==> demonstrator
https://indico.cern.ch/event/1250075/

• MuCol: training on detector design and physics performance tools – July 5-6 @ CERN
https://indico.cern.ch/event/1277924/ 

• LDG Community Report on Accelerators Roadmap – meeting @ LNF July 12-13
https://agenda.infn.it/event/35579/: facility, physics, magnets, demonstrator and RF

• EPS 2023 and TIPP 2023  - IPAC 2023 and EUCAS 2023
• Detector magnet workshop – October

• Start design new lattice @ 10 TeV ==> design new detector/magnet @ 10 TeV
20

https://indico.cern.ch/event/1204855/
https://agenda.infn.it/event/33270/
https://indico.cern.ch/event/1250075/
https://indico.cern.ch/event/1277924/
https://agenda.infn.it/event/35579/


Attività R&D Acceleratori
simulazioni – prototipi – misure di laboratorio

• Magneti (MI-LASA, GE) è progetto ESPP, EU-MuCol (WP7)
• Radiofrequenze SC (SC-RF)  (MI-LASA) è progetto ESPP , EU-MuCol (WP6)
• Radiofrequenze NC-RF  (MI-LASA,LNL,LNS,NA) è progetto ESPP , EU-MuCol (WP6)
• Integrazione cooling cell (MI-LASA,LNL,LNS,NA,TO) è EU-MuCol (WP8)
• Machine Detector Interface è progetto ESPP (personale), EU-MuCol (WP2-WP5)

CRUCIALE PER STUDI DI FISICA E DETECTOR – PERFORMANCE MACCHINA
• Cristalli per i fasci, misure di laboratorio per finestre sottili in fase di definizione 
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MI, GE, LNL, LNS, NA, TO, (FE, RM1, RM3)

ESPP_MUCOL è approvato dal MAC INFN
WP1 - Machine Detector Interface
WP2 - Ionizing Cooling Cell design and integration:

- normal-conducting RF cavities
- high field solenoidal magnets

WP3 - Superconducting RF cavities: fast frequency tuner system
WP4 - High Field dipole Magnets technologies
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Project organization

International Muon Collider Collaboration MuCol EU Design Study

MI-LASA is deeply involved and play 
the role of main responsibility or at least 
deputy  responsibility on the outlines WP:

• WP6 RadioFrequency Systems
• WP7 Magnets Systems
• WP8 Cooling cell Integration



Detector R&D
simulations – laboratories and beam tests

• Demonstrator detectors 
è TPC – muon tracking 
è HPTPC 𝜈 cross section measurements  (synergy)

• Electromagnetic calorimeter è CRILIN
• Hadronic calorimeter with MPGD
• Muon detectors è picosec 
• Resistive LGAD è 4D tracking
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Investigating synergies on
physics and technologies
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29–31 May 2023    Venezia
Palazzo Franchetti

Istituto Veneto di Lettere, Scienze ed Arti 

Muon4Future Second Collaboration Meeting 
of the Muon Collider Study
Orsay – June 19-22
Synergies Workshop
Orsay – June 22-23

September 6, 2023 h 14:35-18:00  
The Muon Collider: a superconducting 

technology driver for science and society

https://agenda.infn.it/event/33270/
https://indico.cern.ch/event/1250075/
https://indico.cern.ch/event/1260921/


ICFA Seminar
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Demonstrator
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extras
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