
Roberto Losito

CERN-ATS-DO

2nd Community meeting of the International 

Muon Colliders Design Study – 12-14 May 2021

Test Facility 

Session Summary



 2 facilities discussed

 ESS proposing the design study of a compressor associated to 

the ESSnuSB Study 

 The ESSnuSB study already ecompasses an accumulator ring, shortening 

the pulse down to ~1 µsec. Need to add a compressor to reach ~2 nsec

 Goal would be to test a target station at 1014 ÷1015 ppp. 

 A Cooling test facility to be built at CERN

2nd Muon Collider Community Meeting, 2021
2



2nd Muon Collider Community Meeting, 2021
3



2021-07-12
T

2nd Muon Collider Workshop                                                                            

ord Ekelof   Uppsala University
5

The ESS linac, currently under construction in Lund in Sweden, has as design parameters
2 GeV, 5 MW, 14 Hz and 1015 protons per pulse, which are similar to those of the SPL and 
also of the current design parameters for the Muon Collider.

The ESS linac
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Proposed Workpackage Timeline
(test Facility at CERN)
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Long Shutdown LS LS

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Conceptual design

Technical design

Prototyping & test

Approval 

Construction

Commissioning

Run



Proposed Workpackage Description
(2021-2025)

• A beam test facility is key to demonstrate items of critical importance to achieve the required 
luminosity in the Muon Collider, namely, 6D cooling, the integrated engineering of the cooling 
cells.

• The workpackage deliverable will the design and cost estimate of a test Facility including:
– Muon production and capture, including collimation and momentum selection at a level of at least 106 muons 

per pulse
– 6D cooling based on HFOFO rectilinear cooling, including full conceptual engineering design of the cell.
– Study eventual alternative cooling schemes as defined by the Muon Production and Cooling working group
– Coordinate the site dependent studies, entirely funded by each interested laboratory, in order to provide a full 

cost estimate for a given test facility
– Collaborate with the other working groups to establish a list of ancillary test facilities (e.g. high power targets, 

RF, magnets, Proton Beam preparation etc…) in order to avoid duplication of efforts and ensure optimal use of 
resources.

– The muon production working group will be asked to assess whether one can use in a first stage a horn instead 
of a Superconducting solenoid in order to reduce cost.

– Synergy with other facilities/experiments to be investigated
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Proposed Workpackage Tasks

• Simulations  & Engineering design
– Proton beam preparation and evolution (Accumulator, 

compressor, mainly connection to Proton Complex WG)
– Extraction and transfer line
– Infrastructure (civil Engineering and services)
– Muon production (target+horn)
– RP, Remote handling, waste management, environmental 

impact (if necessary). 
– Momentum selection, collimation & proton beam dump
– Cooling based on schemes developed by the cooling, RF and 

Magnet WG
– Beam Instrumentation
– Synergy (ESS, NuStorm, Enubet…)
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Proposed Workpackage Resources for
CDR/TDR
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Task Staff
[pm]

postdoc 
[pm]

student 
[pm]

Cash
[kEUR]

Comment

Proton beam preparation - - - - Funded and coordinated by proton 
Complex WG

Extraction and transfer line Funded (and coordinated) by CERN

Civil Engineering & Infrastructure Funded and coordinated by CERN

Muon Production

RP, Remote handling, waste management, 
environmental impact (if necessary). 

Funded and coordinated by CERN

Momentum selection, collimation & proton 
beam dump

Cooling

Beam Instrumentation

Synergy Funded by CERN and Synergic 
experiments/facilities.



TT10 Branching 

TT10: Transfer line from PS to 
SPS

First question: left or right?

The need of a junction cavern 
for this branching would 
constraint CE works to LS

Any way to avoid digging a 
junction cavern?  have a as 
sharp as possible angle between 
line and tunnel walls! 



11.6°
H [m] x W [m]  x L [m] = 1.25  x 1.25 x 3.12  

H [m] x W [m]  x L [m] = 0.78  x 0.75 x 0.68  

H [m] x W [m]  x L [m] = 0.78  x 0.75 x 0.68  



TT10

5-6 m (distance needed between the new and 
old tunnel)

Proposed location of the 
first magnet

0.5-1.0m free space for 
maintenance?

Courtesy of K. Balazs
In order to allow the structural 
integrity of the existing and new 
tunnel we would need to keep a 
certain distance between the two. 
This distance it is marked with 
“D”, in our case the TT10 being 4 
m wide that would mean 
approximately 5-6m distance 
between the two tunnels in the 
first 10-15 m, but in order to 
confirm we need to do a proper 
alignment drawing to see the 
exact dimensions.

In order to have D = 6 m the corrector+quadrupole magnets 
have to be moved 35-40 m more downstream 

Junction cavern seems to be needed since also drilling a 
core of 35-40 m is not feasible 



First glance at optics and Aperture

Moving Corrector+Quadrupole 25 m more downstream  already 
out of aperture



Layout components of the Demonstrator:

 Target & Horn (first stage) and potentially 

superconducting solenoid at a later stage

 Momentum selection chicane

 Collimation & diagnostics area

 Muon Cooling area

 Downstream diagnostics area

++ 

 Service areas (Cooling & ventilation, 

cryogenics, power, transport, etc…)

 Radioactive storage

 Branch to other experiments ?

 … other??
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Layout

Services (Cryogenics, cooling & ventilation, power, 

transport, etc)

Target + horn (1st phase) 

/ superconducting 

solenoid (2nd phase)

Momentum selection 

chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 

50x4 m

Downstream 

diagnostics 

area: 5x4 m

Injection 

from TT10

*Indicative dimensions by C. Rogers



Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

Muon Cooling Area - FCC e+e- Crymodules tunnel & klystrons gallery
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Layout ideas

Jean-Pierre Corso, 

Integration of the 

FCC, FCC Week 2021

https://indico.cern.ch/event/995850/contributions/4418530/


MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

CERN TT10 branch



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout

62 m

120 m

40 m

CERN TT10 branch

Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

Indicative dimensions. Model is very 

flexible at this stage



Service Gallery

Collimation + Cooling area
Extraction 

TT10

Space for 

radioactive 

storage

Utilities room

Target + Horn + dogleg

Vertical 

shaft

Vertical 

shaft

MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10



Service Gallery

Collimation + Cooling area
Extraction 

TT10

Space for 

radioactive 

storage

Utilities room

Target + Horn + dogleg

Vertical 

shaft

Vertical 

shaft

MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout

81 m38.5 m

Ø12 m

59.5 m

11 m

5.5 m

5.5 m
30 m

5.5 m

10.5 m

Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

Indicative dimensions. 

Model is very flexible at 

this stage



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

Target + Horn + 

chicane hall

Cooling tunnel Services Gallery



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout

7 m

11 m

11 m

6.5 m

5 m

6.5 m

5.5 m

5.5 m 10.5 m

5.2 m

5.2 m

Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

Target + Horn + 

chicane hall

Cooling tunnel Services Gallery

Indicative dimensions. Model is very flexible at this stage



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

TIDVG5 

(450 GeV/c)

AD-T 3.57 GeV/c 

momentum 

chicane

CENF Shielding, 

target & horn

**Representative elements only**
 Target trench like system with beam line below tunnel floor level 

→ robust solution for radio protection

 Vertical handling with beam equipment in modules, placed in a 

vessel (N2) container

 Close-by radioactive storage

 Utilities in parallel gallery

 Clear separation from downstream cooling area

 Possibility to branch to other experiments

 Flexible facility with space accounted for future upgrades. At an 

early stage (80 kW), shielding may be reduced for cost 

optimization and could start with a simple target & horn. 

Flexibility to introduce more complex target systems depending 

on the progresses of the studies for the final Muon collider .



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

 The Facility is flexible enough to accommodate other 

experiments. 

 nuSTORM and potentially ENUBET could be branched from 

the MUC Demonstrator Facility.

 The same target complex would be used profiting from its 

shielding and general target systems infrastructure, utilities, 

and accesses. 

 The double deflection of the beamline could reduce 

radiation streaming towards the nuSTORM ring.

 Synergies between experiments would reduce costs on both 

sides.

 Is the 26 GeV/c beam from the PS appropriate for these two 

experiments? 



MUC Demonstrator VERY Conceptual layout → To be taken with a “grain of salt”
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Conceptual layout
Target + horn (1st phase) / 

superconducting solenoid (2nd phase)

Momentum selection chicane 10x 4 m

Collimation and upstream 

diagnostics area: 10x4 m

Cooling area: 50x4 m

Downstream diagnostics 

area: 5x4 m

Injection 

from TT10

 Muon Cooling section can be extended 

if needed

 Experimental cavern (e.g. for low 

energy muons) can be foreseen 

downstream muon cooling tunnel
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 For a facility at CERN, the choic eof the RF frequency has 

to take into account existing facilities

 Need to be compatible with extraction from PS (10/20/40/80/200 

MHz)

 May have to be compatible with a future HP-SPL (350/700 MHz)

 Shall have to be compatible with the downstream rings

 Possibly compatible with existing infrastructure (400/800 MHz?)

 A discussion should be organized soon….
35

A word on RF…
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 Lot of work done since last meeting, ideas more and more 

clear to start the real work

 Resources needed soon in almost all the systems groups

 Schedule taking into account LSs at CERN provide first 

beam in 2033-2034. 

 If we find sufficient budget and a brilliant idea to extract at a larger 

angle could be a couple of years earlier. 

 ESS could host a high intensity facility to host material tests
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Conclusions



Thank you

for your attention


