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Document version: MuCol_Preliminary_Parameters_Draftpdf

Document status: Draft [Final when fully approved]

Abstract:

This document is comprised of a collection of updated preliminary parameters for the key pans of
the muon collider. The updated preliminary parameters follow on from the October 2023 Tentative
Parameters Report. Particular attention has been given to regions of the facility that are believed o
hold greater technical uncenainty in their design and that have a strong impact on the cost and
power consumption of the facility. The data is collected from a collaborative spreadsheet and
transferred to overleaf,
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=2 Muon Collider Schematic (%)

Community feedback on the schematic is welcome
Fasily adjustable .svg file (Inkscape)

. Version |.| has already been in circulation

« Version |.2 released and has some minor corrections

. png and pdf forms uploaded on Indico. Ask for more file formats

Proton Driver Target & Front End Cooling Acceleration Collider
H™ LINAC Accumulator Con&pressor Pion Chicane & Muon Phase Charge Bunch 6D Final Buncher Pre- SC LINAC RLA 1,2 RCS1,2,3 &4 3 TeV Collider
Ring ing Target Absorber Buncher Rotator Separation ~ Merge Cooling Cooling accelerator 10 TeV Collider
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About the event 9)

 Held on 28th August 2024.
- After holidays, but before term starts

A\v Wed 28th August 2024 - Via Zoom

e ) 14:00-18:00 (CEST) & 08:00-12:00 (EST)
: Open for the public|

o Fully onling, to maximize accessibility

|.Muon collider overview from /7 IMCC ECRs
2.Q&A from 3 IMCC representatives
3.Research talks from /7 external ECRs
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Rodolfo Capdevilla
-ermilab, Postdoc

niele Calzolar
RN, PhD Student

Bernd Stechauner
CERN, PhD Student

- Paula Desire Valdor
S CERN, PhD Student

Michela Lancellotti
CERN, Administative

iy Assistant

aylor
RN, Senior Fellow
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Aims of the event

Cm
\

Nell

. |0 showcase the contributions of ¢
Career Researchers to the Muon Co

Jrrent kar

ider desig

« [0 gain an indication of the interest of the Muon
Collider for karly Career Researchers.

Y

.

« [0 provide an opportunity for external Early Career
Researchers to share their questions and
thoughts to the Muon Collider Coordinators.
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Participant Demographics )

International NAL S
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Significant interest; 188 registrants from 38 countries and 103 institutes

Attendees nationality per country
— .= - - —~—
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Participant Demographics N

International NAL S
UON Collider MuCol
/C

ollaboration

Interest Areas in ECR Registration Form

120 ~

100 +

80 A

60 -

40 A

Demographics

20 A

Number of Occurrences

o Post-Doc
Q’b{o
&%‘ &
)
Eg:$° High School
@Q Other
Staff

Attendee gender ratio ~40:60 (F:M)
Speaker gender ratio- 50:50

Master's Degree
Undergraduate / Bachelor's Degree
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Presentation Spotlight

Production - Daniele Calzolari (CERN)

Acceleration - David Amorim (CERN)

Muon Cooling - Bernd Stechauner (CERN)

How did | arrive here?

MuCaol
At this paint | did not know Today
much about muon colliders
#
Bachelor's: Master's: CERN: CERN & Padova
- engineering nuclear fellowship university: PhD
physics engineering student
| really liked FLUKA, so
| wanted to do radiation % (ND I:Ifed 13 f01"ow
calculation FLUKA Ll
2015 2018 2021 2023 2026

Daniele Calzolari / CERN / Muon production

‘Sustainable approach”

‘Synergies”

Magnets - Giuseppe Scarantino (INFN)

@ M Muon acceleration challenges @
JAiiEaty  MuCol
Proton Driver Targel & Front End Cooling Acceleration Collider
HERAC) Accyuliior Conpesorfion, ‘e Muge Phue] Ot BEGR cong Coig P I < UNAE RATE RO T304 [aTevConee
—I Picture from R. Taylar }
. ) . Machine parameters RLAT RLA 2 RC51 RC52 RCS3 RCS &
 Fast accelerationisrequiredto “Greumference tkml 6 6 107 35
counter-balance the muon Injection energy [GeV] 1.5 5 63 3138 750 1500
decay while preserving bunch Energy increase per 0.7 1.6 14.7 7.9 1.3 63.6
properties pass/per turn [GeV]
« This requires a unique el o P 2 & =
accelgrator chainand & [pm rad] / € [ev's] 25/ 0.025
associated technologies
2024-08-28 David Amorim - Acceleration i 3

The ideal collider recipe

M
{[ 1]> Heavy in mass (avoid radiation)
7~ al
L/

@ Fundamental particle (no hadrons)

Periodic collision structure (ring)

BUT:

2
What about muons? Lifetime 2.2us

-> it needs new technologies

‘Unique accelerator chain”

"No showstoppers”

Physics - Cari Cesarotti (MIT)

———
‘New technologies”

“"Time 1s now’’

The muon collider promises a
sustainable approach to the
energy frontier:

-+ Limited power consumption,

cost, land use.

Design Considerations

onal
L,CN d r
,u-e-\.

The muon collider as future machine at the energy frontier needs:

> High fields (dipoles, quadrupoles 16T-20T, solenoids up to 40T).

i

MuCaol

year (-)

STITER central
%olunmd

2030

HTS may be the
< Energy efficiency (increase operating temperature to 20K, enabler
minimize cryogen usage) teohnotcEvH
Y i Upper limit of &
+ Economics (consider high Je, compact magnets to reduce Nb3Sn (LTS) - 1. 881 i3s3
N : ) £ fg 288 g o-=8%
construction, maintenance and operation cost). is : 3.e% 3 4;'-’;‘5
- § %‘ Egz.ﬁ 0 %.6‘% %
. £ g B o TE OFEag
Synergies 3w s 3 5 Thse
= EQ ] FERE]
2 |mportant synergies with many technological applications: z g S w 5 § §§$ =
thermonuclear fusion, next gen MRI, wind energy generators... 3 S - i § §"='=
]
1570 1980 1950 2000 2010 2020

CHALLENGES OF MuC

Recent Improvements

COOLING MICE, Simulation, Timescales
20 T DIPOLES
MAGNETS 30 T SOLENOIDS

10* T /s RAMPING

IMCC + US R&D
“NO SHOWSTOPPERS IDENTIFIED”

COMMUNITY INTEREST
“NEED N MIRACLES”

ESPPU + P5 =TIME IS NOW!

Cesarotti

Detector - Kiley Kennedy (Princeton)

Let’s Build a Detector!

Tracker Calorimeters

Eonsdy Detector Design, Early Career Besearchars & Muon Colliders 28 Auguet 2024




o
Multi-TeV muon collider opens a completely oMUSE™ @ juc
p 0 I g new physics regime JMisEEd Muco

Firsty/s = 10 TeV detectors concept de51gn h

t
\./‘< Energetic final states MUSIC and MAIA (presented in other talks)
' U T MUSIC Detector
Muon Collider Magnets R
Target solenoid (20 T) = g B5S DOSON PAYSICs:
e Pulsed NC dipoles Steady SC wy < H ) coupi!ngs ol
(1.8T) Dipoles (10T) - coupling fo fse
” Most precise measurement
5 16% - R
16 with 10 ab™! ~5 years - . _
i data taking Zillions of possible achwﬁep:
. 12 CLIC. (ECC-hh 30 ab! ~50 years) Dellector and sub-detectors
6D cooling cell 10 design (Al can help)
solenoids (2...14 T) 8 EC  Study of new detector
'I 3% technology
Steady SC dipoles (16 T) and 8 ] oy 1.2Y% * Dedicated detector R&D s i 2 _
quadrupoles (300 T/m) 0 L ]:| /= * Calorimeter, tracker e D cicctor image
am = _ pd 10 pld p30 [nvestigate new physics object =~ CRILIN prototype EhiEsia
i Meeting every Tuesday at 4:00PM CET reconstruction (Al, QC)
MUONCOLLIDER-DETECTOR-PI n.&l(.hfe cern.ch . Propose new Creative physi_cs

.;F':I 1.“ ) \I Illl\llrxlrt]lllltl measurements 3 ’
Tl -.,:_‘ 25 o P Donatella Lucchesi

[ e ———— e i - ~
pl .- _-.:JJ. TR T T ¥ - |~ ' el - h

Combined function magnets

Final cooling solenoids (40 T)

These are truly frontier technology realizations, the most challenging and
promising you can imagine in our field !

| ots of fun

D. Lucchesi

Final question: “Can you provide an
insights Into the daily working
environments of research groups
working on muon colliders!”

Research freedom
D. Schulte

Dynamic
environment
L. Bottura

nccelerator Design Meeting R. Taylor CERN




& /C Survey Results G
U‘éﬁr?:%*n?d”é’r' MuCol Samp\e Of 2 ~7_

ollaboration

e 95% of people satisfied or very satisfied with the event

e 95% of people said it well organised or very well organised

e 50% said it was the correct level, 50% said it was technical

« 100% said they would attend the event in the future. Equal mix would prefer online vs in-person.

4- Satisfied 4- Well organised 3- Correct Level

3- Neutral 3- Neutral

4- Technical

5- Very satisfied 5- Very well organised

Accelerator Design Meeting R. Taylor CERN



Survey Results &)
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« 31% of attendees currently work for the muon collider
e 100% of those not currently working would like to work on it in the future

Are you currently working or doing research for the muon collider?

A. Yes: 7 (31.82%)

B. No: 15 (68.18%)

If no, would you like to work on the muon collider in the future?

A. Yes: 15 (100.00%)

B. No: 0 (0.00%)

Accelerator Design Meeting R. Taylor CERN



Survey Results D))
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e 30% of attendees currently work for the muon collider
e 100% of those not currently working would like to work on it in the future

Are you currently working or doing research for the muon collider? Other comments:
e Strong demand for a list of involved institutes

and their research scope
e« Demand for more frequent events but

A. Yes: 7 (31.82%)

B. No: 15 (68.18%)

discipline-focused ‘ é )
e Multiple requests for a Mattermost channel
If no, would you like to work on the muon collider in the future? e Interest in merchandise (80%) of participants
ISCHIEF
. Yes: 15 (100.00% . MEOW-ON
ALY 15 (100.00%) WITH COLLIDER “:‘Q‘
UONS RESEARCH IE1

B. No: 0 (0.00%)

@qftoons
Gala Fontana

Accelerator Design Meeting R. Taylor
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Mailing List for IMCC ECRs ™

International

UON Collider MuCol

Collaboration

muoncollider-early-career@cern.ch

European Laboratory for Particle Physics

@ Q Rebecca TAYLOR | Group Memberships: 231 | Logoul
Report an ermor | Suggest new functionality e - g r O u p S

[e-group name v|| begins with v:||muancﬂllider-early-car&er || Search |

: All groups | own or manage @® Al e-groups O ALICE O ATLAS O cMs O FASER OLCG O LHCB OLHCF O MoEDAL O SND@LHC O TOTEM

* All groups my accounts are on : )
| All e-group archives ; O Only groups | own or manage | O Only groups | am on | Page Size: |30

+ Create new static group | + Create new dynamic group | Show groups for one member | Manage groups for one member | Manage owner/admin

o[ 11

MName Type Topic Description Status Owner Actions Archive
<) muoncollider-early-career Static IMCC Informational list for external ECR interested in IMCC Active taylor.r@cem.ch | Subscrmbe | '...
: 9060

Or contact me (taylor.r@cern.ch) to add you

Accelerator Design Meeting R. Taylor CERN
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ECFA ECR Upcoming Events (%)

International NAL S
UON Collider MuCol
C

ollaboration

The ECFA ECR panel is organising an early-career researcher white paper to submit

to the strategy, similar to the ECR response to the last strategy update in 2020. This

process I1s open to all European early-career researchers. VWe will discuss our vision
for the future of HEP In Europe, focusing on the question of the next collider.

9th - | Ith October Town Hall Meletlnlg at ECFA Workshop in Paris
Registration deadline tomorrow

Plenary ECFA Meeting at CERN

| 4th - | 5th November

Hybrid meetings adjacent to these meetings

ollider

uon
™M e Encourage

Attendanc
Farly Career Researcher white paper submitted by 3 | st March 2025

Updates It you subscribe to esppu-ecr CERN e-group.

Mattermost channel: https://mattermost.web.cern.ch/sisnup user complete/{id=ocewxrmyijyyumeftrbg3bsoaa&md=link&sbr=su

Accelerator Design Meeting R. Taylor CERN


https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10633857&AI_USERNAME=RETAYLOR&searchField=0&searchMethod=0&searchValue=esppu-ecr&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=20623CDA767012D3D3256914F6ADAFFF
https://mattermost.web.cern.ch/signup_user_complete/?id=ocewxrmyijyyumeftrbg3bsoaa&md=link&sbr=su

Conclusions Ol

N 4 /
International \
UON Collider |\/| u C o |

C 2

, ollaboration

e High interest from the community, including those not currently working on muons
e Event will be repeated, both online and in-person.
 New mailing list created (muoncollider-early-career@cern.ch) for future engagement
e Most participants got their news from LinkedIn posts prior to event
o Feedback from participants is being relayed into the communication strategy

. Reached attentlon of Accelerating News - article in preparation

Muon collider attracts broad interest from early career

researchers MEOW-0ON
An online session to showcase the possibilities of a future muon particle accelerator was attended by nearly 190 participants C OL L |DER \ﬁ? ™ ) J
\—/

rom 38 countries Q‘E SEA‘RC H E’

Issue 48 | Particle Accelerators (ACC) | 20 September, 2024

e It iIs commonly said “the next generation are interested in the muon collider”
o Now we can back this up!
e Important to relay into the ESPPU strategy

Accelerator Design Meeting R. Taylor CERN
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Thank you

nternational
UON Collider MuC ol Funded by
Collaboration the European Union
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Funded by the European Union (EU). Views and opinions expressed are however those of
the author(s) only and do not necessarily reflect those of the EU or European Research
Executive Agency (REA). Neither the EU nor the REA can be held responsible for them.
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