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Muon Collider Community

Formed collaboration to implement

. EU Design Study just started, 32 partners, e
and R&D Roadmap for CERN Council 0(3+4 I\/?EUR) e 5 International
CERN Council _ A l\UON Colli_der
s hodr (EU+Switzerland+UK and partners) / Collaboration

‘ cc Initial Parametric study
Establish tentative parameters
Develop tentative concept

# Establish Ereliminary parameters
Develop preliminary concept
# Establish consolidated Farameters
Documentation of preliminary cor cept

Preliminary assessment report

Study consolidated concept
Final adjustment and review INEG_G_—

50+ partner institutions - » Consoldaied assessment s
B 2023 2024 . hi) 2025 2026
30+ already signed formal agreement

48

ject mont

US Snowmass has strong support
* to contribute to R&D
* as acolliderin the US

Plan to apply in 2024 for
HORIZON-INFRA-2024-TECH
Goal: prepare experimental

programme, e.g. demonstrator, Now P5 and EPP2024 are ongoing
prototypes, ... Planning potential contributions =, o
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MuCol Partners

CERN* UK
CEA-IRFU*

CNRS-LNCMI

DESY*

Technical University of
Darmstadt*

University of Rostock*
KIT

INFN*

INEN, Univ. Milano*

UKRI (*)
University of Lancaster (*)

University of Southampton (*)

University of Strathclyde
University of Sussex (*)
Imperial College

Royal Holloway
University of Huddersfield
University of Oxford

University of Warwick (*)

: NL University of Twente*
INFN, Univ. Padova*™
CH PSI
INFN, Univ. Pavia
University of Geneva
LA Wik Siellene us lowa State University
ENEA BNL
LIP* China  Sun Yat-sen University
ESS*
University of Uppsala*
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WP3 - Proton Complex

MuCol

WP5 — High Energy

#  Linac
*  Apoumulator *  Fast scceleration chain
= Compressor = Collider ring design
= Bing specification and =  Final focus design
design Heutring M mitigation
WPE — Radio-Frequency Systems

*  RF systems requirements and

CONDEpRS:
= AF systems irventary
*  AF paramefers selection consistent
cross the fomplex
*  Breakdown mitigation studies
=  High-efficiency RF sources

WPE - Cooling Cell Integration

= Radicfreguency
»  Absorber
Solenpid
Cooling cell integratian
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WP2 = Physics and
Detector Requirements
*  Beam Induced
backgrourd

and paramsters
=  [Datector performance at




Workpackage Contributions

International
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Muon Decay and Detector Background @

‘Muans decay produces electrans and positrons
= Lossper unit length almost independent of energy - .
Tools masthy ready to generate backgraund .
- tentative beamline and mask, FLUKA <

- tentative beam beam far muons {EUINEA-PIG)
Shudies at 1.5 <and 3 TeV with concept based an £
detector

*  Radiation level in detector similar to HL-LHC
Snadies with beam-induced background in progress
= some channels are notaffected by background
- same inprovement regquired far ather channels
Comcept for 10 TeV in progress

UNIPD, with the participation of INFN, CEA,
DESY, LIOS, LIP, CERN, ISU, SYSU, UNIPY
WP Z: Detector concept for 3 and 10+ TeV'
WP 2: Reconstruction algorithm development
WP 2: Detector performance evaluation

L s, 3. st s Calor, LDG, Wovember 202 —

Proton Complex

Front End Coaling Agcaleration

e“e

60 Coolirg

enchar

Prass Rotator
60 Coaing.
Final Cocling

Banch
Merge:

Areulurstees
Linacs, BLA ar FRAG, RCS

Need about 2 MW proton beam ESS, CERN, Upgsala

400 ki per pulse at 5 Hz WP3: Comprassor ring design (ESS)
* design

Complex system WP 3: Linac parameters (CERN)

Due to resources focus on bunching + basic parameters

of beams

M. Milas et al. (ESS, Uppsala)

D Schsita, 5. Stageas Musse Colicker, LOG, Wowsmbor a——
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Neutrino Flux

‘Goat: similar tn LHC: ket neutring

skt have negligible impact, G

“huily opuenised” (10% of MAP goal) &
of concept o

pertormance
e good for 18 Tew
FLUKA dose studies
! !l
T £ Aldita, P, Vojbyl, M. Widoeski, H. Vincke
Fl direction map / latiice X e ) |
S— o
— 3 |
‘Mitigation: _ by
Satiekeatod Lk > |
L e e

T Schulin, 5 Stapes Muon Collider, LDG, Wovember 3007 Ca—

Ta rget
Twa appraaches:
15T LTS« 5 T resistive or 20 T HTS
Large aperture for shielding
WP 7: Solenoid target parameters
W 3: Shilding needs and radiatian
Synergy with ITER
A Lachner et al
L -

TER Contral Solenoi Model Cail

UKRY, Imparial, UWAR, CERN, BTwL7m s

INFN, UMIL, ENEA

WP4: Target design (CERN) Wi 4: Shock in target:

\WP: Shielding need: Simailaticns of graphite target
3 s indicate 2 W could be

WP7: Solenaid 2000°C evepibiy

parameters stress resistance

STFC will alza stuty alternatives

D Schsita, 5. Stagents- W Colider, LOG, Novemmbar 302 e e
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Workpackage Contributions

Muon Cooling @

MR designs sbmost achieve 10 Tl goal M
= miss factor two for final cooing. :

[r—

g

[reeepep—

UKRI, Imperial, UWAR, CERN, INFN, LIMIL, o L ——_ .
ENEA, EPFL

. . Rogers etal.
WP4: Lattice design (UKRI) {RAL, EERN)

WP4: Code development (Imperial)
CHART: Collective effects [EPFL)
1. Pielon et al. (EPFL, CERN)
D Sehta, 5. Stagaas Mhuce Colider, LOG, November 202 ==

Collider Ring @

MAP developed 4.5 km ring for 3 TeV' with Nb,Sn
*+  magnet spacifications in the HL-LHC range

‘Work progressing on 10 km ring for 10 TeV collider ring
* around 16 T Nb,Sn or HTS dipoles
= final focus based on HTS

Need stress managed magnet designs

CERN, INFN, Milana,

Kyato, profit from US Field choice will be reviewed for cost

Acceleration Complex

Core of haseline is sequence of pulsed synchrotron (0.4-11 ms)

Accsloration Key cost and power driver, novel system

CEA, INFN, CERN, HUD, RHLU, BNL, LNCMI, Bologna,
Darmstadt, Twente, Rostock, Milano, RAL
+ Integrated design of RCS

+ WP S5: lattice with realistic hardware

specifications Lol bt e
Arcelerstan:
Linats, FLA,or FRAG, ACS * WP S: collective effects £ Metral et al. [CERN)
* Concept of key

components
WP 7: Fasi-ramping normal magnets ;hlvm:‘::i:m“’:" ok
=

*+ HTS altemative T
+ WP T: Efficient power converters  F. Baattini et al -
+ WP 6: RF with transient eam lnading

3

H. Damerell, . Batsch, . van Rienen, &
Grudiev et al. {Rostack, Milana, CERN)

FMAL 300 Tis HTS magnat
* WPS: Alternative FFA 5 wachida et al. [RaL)

D Seh Mo Colier, LOG, Nowsmber H22

RF Technology

RF cavities in magnetic field € Marchand, Alexej Grudiew et al.
M&F demonstrated higher than goal gradient mmndmnnmrnﬂ 3
o D

Freparation of new test stand, but needs funding

= Test stand at CEA (700 MMz, need funding)

- Test at other frequencies in the UK considered
* Uise of CLIC breakdown experiment eonsidered

High-energy RE system
- beaminading impact on beam

- effisiency
* robustness

CEA, INFN, UROS, ULA, Strathclyde, CERN

WP 5 lattice design Example alternatives: WP 6: Muon cooling RF design [CEA, INFN)
WP 5. collective effects * a6 km 3 TeV ring with NBTi st 5T in WP 6: Breakdown mitigation (CEA) Preparation of new test stand, but needs funding
WP 5: shielding ancs +  hased on theoretical understanding *  Teststand at CEA (700 MHz, ned funding)
WP 7. collider magnets. * 315 km 10 TeV Fing with HL-LHC WP 6: High-energy complex RF (Rostock) + Testat other frequencies in the UK considered
WP 6: Efficient power sources (ULA) +  Use of CLIC breakdown experiment considered
DL Sehuitn . Stzpas o Seh Mhuon Calider, LDG, Noversber 2033 S——

D. Schulte
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Workpackage Contributions

Magnet Technology

Target solenaid
+ Large aperture high field, potential synergy with (TER

0 cooling salemaids
mmm e - u:wnmgh&umﬁalmmm
- row magnets aim for 40+ T il i
= even more can be possible
+ symergywith high-field research Callider ring magnets.
Large apesture dipoies, quadnupoles etc.
L Batturaet al.
INEN (Task INFN, CERN, CEA, CNRS, KIT, PSI, SOTON, UNIBO, UNIGE, PSI,
Leader), CEA, TUDa, TWENTE. in collaboration with KEK and US-MDP
CERM, LNCMI, WP 7: Target capture and coocling magnets [IMFIN)
:':::": WP 7: Fast-ramping magnets (CERN)
TWENTE, in WP 7: Collider ring magnets (INFN)
RS For all: Develop realistic performance targets
with KEK and Almost no budget for experiments
US-MDP
D Sehudta, S Stapaec. Moo Collider, LDG, Wowsssbar 1007 —

Demonstrator(s) @
i:' u

RAD effaris can be distributed over labs
*  cooling demenstrator

*  RFteststand

*  module test stand

Could also have synergies
*  booster for light sources (e.g. ESRF)
or proton therapy?

For cooling demonstrator book for an
existing proton beam with significant

power

Different sites are being considerad
*+  CERN, FNAL ESS are being discussed
*  I-PARC also interesting as option

O Sehuita, 5. Stapaac Wuoe Colidar, LOG, Movenshar T

Small effort to understand options
not enough resources fior more at this moment

D. Schulte MuCol, CERN, March 2023

Cooling Cell Integration

Aduice Collider, LG, Wowsbor 3012 =

Cooling cell pases engineering challengss
Timely design and prototyping is essential
for test facility

Use specific designs of components that
are available in the very near future

UMIL, INFN, UKRI, CERN, Imperial

WP B Absorbers and windows (CERN)
WP B: RF system (INFN)

WP B: Solenoids [Milanc)

WP B: Perfarmance (UKRI)

WP B: Cooling cell integeation (Milzno)
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MuCol Timeline

International
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I (nitial parametric stuldy
Establish tentative parameters
Develop tentative copcept

Establish preliminary parameters
_ Develop preliminary concept
Establish conssolidated parameters

Documentation of preliminary concy:pt
Preliminary assessment repqrt

ssessmgant rep(;

Study consolidated concept

Final adjustment and review
Consolidated a

0 12 24 36 48
Project month (-)
2023 2024 2025 2026
Next ESPPU ?

Representative of overall workplan, now shifted by 2 months

MuCol, CERN, March 2023 L ——— e T
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CERN Council Corepason
: | l
JPPPTTLL MuCol Consortium
= Study Leader
Management | Governing Board | Advisory Committee
/“\:Téﬁ' Colliaar Committee
Collaboration
|
I I | I I
Project Office WP5 — High-E WP7 — Magnet:
o R — High-Energy —Magnets
WP1 - Coordination WP3 - Proton Complex Complex Systems
and Communication
WP2 - Physics and WP4 - Muon WP6 - Radio WP8 - Cooling Cell
Detector Requirements Production and Cooling Frequency Systems Integration

Collaboration Board (ICB) and Governing Board (GB)

Steering Board (SB) is unique

Coordination Committee (CC) and Management Committee (MC)

International Advisory Committee and Advisory Committee

——— TRET

D. Schulte




MuCol and Collaboration Integration

Main executive body of MuCol is Management Committee (MC)
* asubset of the Coordination Committee of the collaboration (CC)

Foresee to have all meetings combined
* e.g. annual meeting, CC+MC, ICB+GB
* may need some specific effort to document meetings for MuCol

Dissemination and publication of reports should be synchronised
* Task in MuCol to ensure quality and publication of reports

* Canin part rely on existing Conference Preparation Team

* Need to define clear procedures

International
UON Collider
/ Collaboration

Propose that MuCol Governing Board agrees to rely on International Advisory Committee of IMCC

* Steering Board will propose a composition

D. Schulte MuCol, CERN, March 2023 L —————— e




Coordination Committee Members
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Physics Andrea Wulzer :
- US (detector) Sergo Jindariani
Detector and MDI Donatella Lucchesi
US (accelerator) Mark Palmer
Protons Natalia Milas Asia (China) Jingyu Tang
Muon production and Chris Rogers Asia (Japan) tbd
cooling
Muon acceleration Antoine Chance
Collider Christian Carli
Magnets Luca Bottura The proposed MuCol WP coordinators are CC
RF Alexej Grudiev, Claude members
Marchand
Beam-matter int. Anton Lechner . Lo . .
target systems essentially all activities are integrated in MuCol
Collective effects Elias Metral
Cooling cell design Lucio Rossi
Demonstrator Roberto Losito

T D schute —————— TR
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CERN*
CEA-IRFU*
CNRS-LNCMI
DESY*

Technical University of
Darmstadt*

University of Rostock*
KIT

INFN*

INFN, Univ., Polit. Torino
INFN, Univ. Milano*
INFN, Univ. Padova*
INFN, Univ. Pavia
INFN, Univ. Bologna
INFN Trieste

INFN, Univ. Bari

INFN, Univ. Roma 1
ENEA

LIP*

UK

SE

NL
EST
LAT
AU

D. Schulte

MoC/MuCoI Partners

RAL+

University of Lancaster

University of Southampton

University of Strathclyde
University of Sussex
Imperial College London+
Royal Holloway
University of Huddersfield
University of Oxford
University of Warwick
University of Durham+
ESS*

University of Uppsala*
University of Twente*+
Tartu University

Riga Technical Univers.
HEPHY

TU Wien

ES

CH

BE

Tampere University
I3M+

ICMAB

PSI

University of Geneva+
EPFL

Louvain

INFN Frascati

INFN, Univ. Ferrara
INFN, Univ. Roma 3
INFN Legnaro

INFN, Univ. Milano
Bicocca

INFN Genova

INFN Laboratori del Sud
INFN Napoli

INFN Catania

Blue: MuCol Participant
* MuCol beneficiary
+ new MoC signatory

MuCol, CERN, March 2023

us

China

India

Korea

us

Japan

lowa State University

nal
Wisconsin-Madison fer
on

Pittsburg University
Florida State U.

U. of Tennesse

Old Dominion U.+
BNL

Sun Yat-sen University
IHEP

Peking University
CHEP

KNU+

FNAL
LBL
JLAB
Chicago

Akira Yamamoto, Akira
Sato, T. Ogitsu



Strong interest in the US
community in muon collider
want funding for R&D

like to host a muon collider

Possible

Task forces to prepare P5 bids:
lead by FNAL (Sergo Jindiriani, D. =§
Stratakys)

Detector and physics

Accelerator

Goal is 40-50 FTE, similar to
Europe

Would bring resources close to
full R&D Roadmap programme

European contact members:
Chris Rogers, Federico Meloni,
Donatella Lucchesi, Daniel Schulte

D. Schulte

US Snhowmass

International
LION Collider

B proton collider
Electron collider
B nuon collider

Proposals emerging from this Snowmass for a US based collider
550 GeV 2TeV

Mote: Possibility of
125 GeV or 1 TeV at Stage 1

W Construction/Transformation
Preparation [ R&D

scenarios of future colliders

2040 start physics

CCC: 250 GeV
2 ab?

ccc

Syears 8 km tunnel

RF upgrade

2045 start ghrsics

10km & 16.5 km tunnels
AEEEE IEEEEEEEE IEEEEEEE TEEEREENT RN Il SN NEE NN

Muon Collider

13 years 4km & reuse Tevatron ring

OR d4km+Bkm km ring

2030 2040 2050 2060 2070 2080 2090

» Timelines technologically limited

Uncertainties to be sorted out
Find a contact lab(s)
* Successful R&D and feasibility demonstration for CCC and Muon Collider

« Evaluate CCC progress in the international context, and consider proposing an ILC/CCC
v[ie ccc used as an upgrade of ILC] or a CCC only option in the US.

ational Cost Sharing

proposing hosting ILC in the US.

Meenakshi Narain: Energy Frontier / Large Experiments,
Snowmass Community Summer Study July 17-26, 2022

__.-A-’—""""_‘ !-“:;J
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US preparation for P5

Accelerator R&D Focus Areas:

Muon source: Mary Convery (Fermilab), Jeff
Eldred (Fermilab), Sergei Nagaitsev (JLAB),
Eric Prebys (UC Davis)

Machine design: Frederique Pellemoine
(Fermilab), Scott Berg (BNL), Katsuya
Yonehara (Fermilab)

Magnet systems: Steve Gourlay (Fermilab),
Giorgio Apollinari (Fermilab), Soren
Prestemon (LBNL)

RF systems: Sergey Belomestnykh (Fermilab),
Spencer Gessner (SLAC), Tianhuan Luo
(LBNL)

Detector R&D Focus Areas: /M[ntema}ionm

UON Collider
ollaboration

Tracking Detectors: Maurice Garcia-Sciverés
(LBNL), Tova Holmes (Tennessee)

Calorimeter Systems: Chris Tully (Princeton),
Rachel Yohay (FSU)

Muon Detectors: Melissa Franklin (Harvard),
Darien Wood (Northeastern)

Electronics/TDAQ: Darin Acosta (Rice), Isobel
Ojalvo (Princeton), Michael Begel (BNL)

MDI+Forward Detectors: Kevin Black
(Wisconsin), Karri DiPetrillo (Chicago), Nikolai
Mokhov (Fermilab)

Detector Software and Simulations: Liz
Sexton-Kennedy (Fermilab), Simone Pagan

International Liaisons: Daniel Schulte (CERN),
Chris Rogers (RAL), Donatella Lucchesi (INFN),
Federico Meloni (DESY)

Griso (LBNL)

D. Schulte MucCol, CERN, March 2023




US preparation for P5

Goal: /“\'u”otir?:iﬁ??q”ﬁ :
/ Collaboration
* US would like to participate to collaboration
*  Contribution should roughly match European effort (40-50 FTE)
* European effort approaches minimal plan
* hope to further increase it
*  Equivalent US contribution would allow us to start approaching full programme
* with some delay compared to Roadmap

Plan:
*  Will install task force to prepare integration of US efforts into the collaboration

* based on current US experts by adding several experts from collaboration
* mandate until decision in the US

* allows to follow developments and prepare smooth collaboration

* will also consider other new efforts outside Europe

* currently preparing mandate and choice of experts

D. Schulte MuCol, CERN, March 2023 L ——————




MuCol Thanks

The conveners /C«E.Jléﬁctl\tdl
Antoine Chance (CEA), Anton Lechner (CERN), Christian Carli (CERN), Claude Marchand (CEA),

Daniel Schulte (CERN), Donatella Lucchesi (Padua, INFN), Elias Metral (CERN), Lionel Quettier

(CEA), Luca Bottura (CERN), Lucio Rossi (Milano, INFN), Marco Calviani (CERN), Nadia Pastrone

(Torino, INFN), Natalia Milas (ESS), Roberto Losito (CERN), Simone Gilardoni (CERN), Tord Johan

Carl Ekelof (UU)

EU office: Svetlomir Stavrev, Cloe Levointourier-Vajda, Sabrina El-Yacoubi, Pablo Federico Lopez
Legal Service: Mandy Stewart, Julia Heliemann

Finance: Florence Pesce, Laura Gina Dalla Palma

Library: Alex Kohls, Sunje Dallmeier-Tiessen

All the contributors
Roberto Losito
The Europeen Commission, the UK and Switzerland

D. Schulte MuCol, CERN, March 2023 L ——————




Conclusion
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MuCol is an important part of the collaboration
Kick-started it

Hope to further enlarge the collaboration
New partners can still join MuCol

Check final institute representation, not everybody replied so used
default

D. Schulte MuCol, CERN, March 2023 — e
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