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• Since 1997, Fermilab has been one of the 3 lead laboratories (with BNL & 
LBNL) in the Neutrino Factory & Muon Collider R&D Collaboration (NFMCC).

• The muon cooling channel has emerged as the key challenge for a Muon
Collider. For several years the NFMCC struggled to produce a viable 
concept for a complete MC cooling channel, although we succeeded with 
the much less demanding NF cooling channel.

• In last 2 years the NFMCC & Muons Inc. have made a conceptual break-
through with MC cooling channel ideas, & new cooling channel component
concepts. Also, lots of progress on front-end R&D common to NF & MC.

• We now need an enhanced effort to (i) revisit overall MC design, (ii) ramp 
up MC cooling channel R&D to see which of the several technical options 
are viable, & whether we can achieve the required performance.

• The Director has requested the creation of a Muon Collider R&D Task 
Force & preparation of a proposal for Muon Collider R&D at Fermilab.
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– Proton Driver  (e.g. HINS)
– Target, Capture, and Decay

• create π; decay into µ
– Bunching & Phase Rotation

• reduce ∆E of bunch
– Cooling

• reduce 6D emittance
– Acceleration

• 130 MeV → up to 1.5 TeV
– Storage Ring

• store for ~1000 turns
• One IP
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(P
alm

er et al)

• Want to end up with 1 or 2 muon bunches / cycle to maximize 
luminosity. Old concept: make 1 bunch at the beginning & keep hold of it 
through the entire front-end → requires low frequency rf systems. We did 
not succeed in producing a practical, self-consistent cooling channel that 
reduced the emittance by the required factor of O(106).

• In the last 2 years it has 
been realized that it is easier 
to start with many bunches, & 
combine them in the middle 
of the cooling scheme → first 
complete self-consistent MC 
cooling channel designs.

• The MC & NF front-ends 
(up to the beginning of the 
cooling) are now the same !
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• MERIT: International Target Experiment
Location: CERN
Run Date: Late 2007
Goal: Test Hg-jet injected into 15T solenoid
with high intensity proton beam.

(Common to Neutrino Factories and Muon Colliders)

• MUCOOL: Cooling channel component
prototyping & testing
Location: Fermilab
Run Date: Ongoing
Goal: Develop & bench test all components 
for muon cooling channels.

• MICE: International Muon Coolong Experiment
Location: RAL
Run Date: Phase 1 Starts Late 2007
Goal: Test short cooling channel section in 
a muon beam
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• In July 2006, the Fermilab Director requested a Task Force be 
formed to develop an R&D plan aimed at the technologies needed for 
a Muon Collider.

• The first short-term goal for the task force was to prepare an R&D 
proposal… first version was completed end-September.

• The next task is to begin to execute the R&D plan … as resources 
permit.

• We are proposing to pursue this R&D in collaboration with groups
from the NFMCC, Muons Inc., LBNL, BNL, ANL, JLAB.
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Muon Collider
Advanced Accelerator R&D Proposal
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TASK FORCE
35 members

MUONS INC.
5 collaborators

BNL
6 collaborators

LBNL
4 collaborators

ANL
1 collaborator

Note: membership
has healthy overlap
with NFMCC 
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The plan focuses on revisiting the overall Muon Collider design, and on 
developing and testing the cooling channel components that are 
needed (beyond those needed for a Neutrino Factory).

1. Muon Collider Design and Simulations 
to establish the required cooling parameters.

2. Component Development.
Helical Magnets (Muons Inc. concept)
HTS High-Field Solenoids (NFMCC & Muons Inc Designs)
Pressurized rf Cavities (Muons Inc. concept)

3. Beam tests and Experiments.
High Intensity proton beam tests
Muon beam tests
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Task Force Leaders:   V. Shiltsev, S. Geer

Sub-Task Leaders:
Muon Collider Design Studies:     Y. Alexahin
Magnet Development: M. Lamm
Beam Tests and Experiments:     A. Jansson

Contacts:
ANL:                     J. Norem
BNL: R. Palmer
JLAB: ???
LBNL: ???
Muons Inc: R. Johnson

Web Page:  https://plone4.fnal.gov/P0/MCTF.
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• We have an initial plan (assuming instantaneous support at requested level):

• We will need to update the plan once the level of support is known.

• We will also need to revise the plan after the first year of studies, once 
we have better evaluated component issues and R&D costs.
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ESTIMATE
CORRESPONDING
TO INITIAL PLAN
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• Progress in cooling channel ideas motivate an enhanced push on 
Muon Collider R&D.

• The Fermilab Director has requested formation of a Muon Collider
R&D Task Force & preparation of an appropriate R&D proposal.

• We are proposing to revisit the overall Muon Collider design (in the 
light of recent progress) to re-establish the cooling channel 
requirements, and to develop and test the various new cooling channel 
component concepts to see which are viable and whether they can meet 
the required performance.

• We believe the scope of the require R&D corresponds to about 
5M$/year for a number of years … the estimate needs to be revised 
after the first year of activity.

• The deliverable would be a complete MC cooling channel design 
together with prototype cooling channel components tested on the
bench and in a beam.
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