
Executive summary

Charge
1. Review the progress of the last year
2. Evaluate the five year plan

Organization
- Physics cases for a neutrino factory and muon collider (Finley)

a) Overview R&D progress achieved since the last review and the status of MC and NF 
designs including both NFMCC and MC activities (Byrd)

b) MERIT results and targetry plans (Roser)
c) MUCOOL and MTA R&D program and plans (Litvinenko)
d) Status of the international MICE experiment (Smith)
e) Acceleration system progress and plans(Syphers)
f) Progress in Design and simulation group  and five year plan(Syphers)
g) IDS, Europe, Japan and other international issues (Syphers)
h) Five year plan in terms of available resources (Finley)
i) RF R&D and five year plan (McIntosh)
j) Magnet R&D and five year plan (Raubenheimer)
k) Fvie year plan for Physics and Detector (Raubenheimer)



The collaboration is to be congratulated for the impressive 
technical progress in the last year

The physics case for both neutrino factory and muon collider 
remains strong but fluid in view of the new measurements that will 
be made on the timescale of these machines

Impressive results from MERIT targeting experiment
- Demonstrate feasibility of 4MW target
- Comparison of MERIT results with modeling codes will  

eventually extend predictive power

Very significant progress on MICE experiment - an essential 
demonstration of ionization cooling
- Near completion of civil engineering
- Test of proton target in parasitic operation with ISIS
- Substantial progress in design and fabrication of the seven new  

solenoids for the MICE beam line
Prototype coupling coils will be tested this month and fabrication 
will begin with the completion of that test



Significant progress in the MUCOOL R&D program with first beam in MTA.
- RF breakdown tests indicate high pressure gas

effectively reduces breakdown
Critical test with beam to be performed as soon
as MTA is fully credentialed

- Strong dependence of limiting accelerating gradient on magnetic  
field - tests will continue with availability of first coupling coil

Impressive progress in design and simulation of various subsystems
- Mercury jet hydrodynamics
- Progress in developing simulation of all three cooling 

schemes
- Design/simulation of collider optics
- Simulation of RF breakdown in magnetic fields



The committee endorses the integrated NFMCC and 
MCTF 5-year plan with the following goals:

- NF RDR 
- muon collider feasibility report which depends on:

MC performance requirements based on physics
End to end MC simulation
Critical component development and testing
First cost estimate

The collaboration estimates a factor of 3 increase in 
people resources is required and the committee agrees

- Laboratories are not prepared to commit the full increment. 
The remainder will come from universities and SBIR initiatives 

- it is not clear to the committee that the expertise is available

We are impressed with the flow of new ideas, but concerned that 
given limited resources, options must be reduced.



The 5 year plan included a decision date for 6D cooling 
technology.

Recommendation: The plan should also include
- milestones 
(I.e. figure of merit for gradient/B-field and a target
that defines success, B-field for cooling channel
magnet and final focusing solenoids, etc.)

- mechanism for down selecting among technology choice
- Decision on a baseline design for study should be made as early 

as possible. The committee is concerned that three years
may be inadequate to complete the study.

The committee agrees that it is essential to involve the larger HEP 
community to study and determine the physics potential as well as 
feasibility of the muon collider



Physics Case

Findings:

The committee was again shown the strong physics cases for a 
neutrino factory and a muon collider, and was told that not much has 
changed in the past year. The current situation shows all data consistent with the 
Standard Model, but the picture is incomplete with regard to: dark matter, dark energy, neutrino 
masses and mixing, and baryon asymmetry.  In addition, there are experimental hints of  cracks in 
the SM including, for example, differences between direct and indirect bounds on the  Higgs mass 
as well as the a 3 sigma disagreement between theory and the observed experimental value of g-
2 for the muon.  And there remain theoretical questions on the origin of mass, gauge unification 
(which may imply new interactions), and gravity (which may imply strings and extra dimensions.)

The committee was told a forefront physics program could be based 
on three major accelerator stages. It could start with an intense proton source for an 
experiment such as one searching for muon to electron conversion.  A second stage could be a 
neutrino factory, initially with a low energy configuration (based on 4 GeV muons) followed by a 
high energy configuration (25 GeV muons.)  A third stage could be a muon collider with center-of-
mass energy of 1.5 or 4 TeV.

Results from planned neutrino experiments are eagerly awaited, particularly on the value (or a 
more stringent limit on the value) of the mixing angle q13, and results from the LHC are needed to 
inform a decision on a lepton collider.  The committee was shown that a neutrino 
factory based on 25 GeV muons and/or a muon collider providing up 
to 4 TeV in the center-of-mass could fit under the Fermilab site.



Physics Case

Findings:

Some issues related to neutrino physics include: the mass hierarchy, their Majorana or Dirac 
identity, and measurements of three-neutrino mixing parameters: q12 , q23 , q13 , and the CP 
violating phase d.  Current measurements of mass differences and mixing angles are provided by 
several experiments including KamLand, K2K, MINOS, SNO, SuperK and Chooz.  Soon to be 
made measurements (with special focus on the mixing angle q13) will be provided by experiments 
including Daya Bay, NOvA and T2K.  The committee was told a neutrino factory 
has a role whether theta13 is large (meaning sin^2(2theta13) is larger 
than or equal to about 0.005) or small. If q13 is large a neutrino factory could be 
used to explore new physics in sub-leading effects, and if it is small a neutrino factory could 
provide unchallenged sensitivity and will be needed to disentangle q13, the mass hierarchy and 
the CP violation. 

The committee was reminded that precise knowledge of the neutrino 
sector might have wide impact from cosmology to signaling new 
interactions at scales above, or well above, the TeV scale.
The committee heard that a multi-TeV lepton collider is required for full coverage of TeV scale 
physics.  The physics potential for a muon collider with center-of-mass energy around 3 TeV and 
integrated luminosity of 1 ab-1 is outstanding, and it has a particularly strong case for SUSY and 
new strong dynamics.  Narrow s-channel states play an important role in electron-positron 
colliders, oftentimes as precision measurements of states first observed with hadron beams.  If 
such states are found with the LHC in the multi-TeV region, lepton colliders can play a similar role 
in precision studies for new physics, and this will set the minimum required luminosity scale.



Physics Case

Findings:

It was noted that a detailed study of the physics case for a 1.5 to 4 TeV 
center-of-mass muon collider is needed.  The dependence on initial beam 
characteristics such as polarization and beam energy spread should be considered in addition to 
the luminosity.  Estimates of the viability of equipment in the collision point environment, as well 
as detector parameters, are needed.  The specific energy and required luminosity will likely 
depend on measurements not available until the LHC has run for about ten years.



Physics Case

Comments:

In addition to near-future physics results, decisions by governments on constructing a neutrino 
factory or a lepton collider will also be based on the best information available at the time for the 
decision.

For the neutrino factory, the International Design Study for a Neutrino Factory 
(IDS-NF) Reference Design Study Report (RSDR) will provide the design paradigm, and it will 
provide an estimate of required resources.

Among the lepton collider choices are a muon collider, the ILC and CLIC.  At this time, the 
ILC sets the standard for rigor regarding cost estimates based on 
complete engineering designs.

A muon collider with 4 TeV in the center-of-mass could be used to explore the energy frontier.  
However in order for a muon collider complex to be a useful physics 
tool, in addition to the energy, the luminosity would have to be high 
enough, the detectors would have to be capable of recording physics-
quality data, and the reliability of the entire complex would have to be 
high enough.



Physics Case

Recommendation:

The committee would like to see a more detailed plan for (or 
progress on) the proposed MC physics and detector design 
study with special focus on muon decay backgrounds.



Charge Point 1: Overview of R&D progress achieved since the last 
MUTAC review, and the status of MC and NF designs including both 
NFMCC and MCTF activities.

Impressive progress has been made in the areas of 
•Designs of NF and MC

•NF acceleration scenario with SC linac, 2 RLAs, 
and FFAG
•Resumption of MC ring lattice design

•Targetry
•Completion of MERIT

•Muon cooling
•MICE
•MTA infrastructure development
•6-D Simulations of 3 proposed schemes
•RF gradient limits in magnetic field

•High field magnets
•Many new options introduced

•Management
•Continued coordination of NFMCC and 
MCTF
•5-year plan submitted to DOE for review 
approval and funding. 

The NFMCC and MCTF management have 
effectively coordinated the R&D program 
with substantial results and investment 
in future activities. Limited available 
resources are addressing the most critical 
R&D issues.

If the 5-year plan is approved and 
funded, adherence to this plan will 
present significant challenges to reach 
the goal of demonstrating MC feasibility 
by 2013. 



MERIT results and targetry plans     (T. Roser, D. Finley)

Findings:

The MERcury Intense Target (MERIT) experiment at CERN successfully accomplished a ‘proof-of-
principle’ test of a 4MW target station suitable for a Neutrino Factory or Muon Collider source, using a 
24-GeV proton beam from the CERN PS incident on a target consisting of a free-standing mercury jet 
inside a 15 T capture solenoid magnet.  

The MERIT experiment also showed that beam pulses up to several hundred micro-seconds can be 
accepted without degradation of the pion production rate.

Much of the MERIT equipment has now been moved to Oak Ridge, except for the magnet which 
remains at CERN. During the last year the data from the experiment were analyzed and 3D magneto-
hydrodynamic simulations were started. These simulation calculations show filament development 
from cavitations that match the observations quite well. The 3D simulations also show less jet 
stabilization from the magnetic field than was anticipated from the 2D simulations.

Comments:

Although the proton beam pulse intensity was appropriate for a 4 MW beam, the repetition rate was 
much lower. Pictures of the Hg jet down-stream of the interaction region with the beam show that the 
Hg jet reconstitutes itself in less than 20 ms as required for a 50 Hz repetition rate. However, the 
shape and likely also the jet density does not look very reproducible. An opportunity to measure the 
jet reproducibility with MERIT was unfortunately missed. 



Comments (cont’d):

The quality of the 3D magneto-hydrodynamic simulations is very impressive and should be continued 
to achieve as much benchmarking with the MERIT experiment as possible. This will then form a 
better basis for the target design work. It may also provide an estimate of the reproducibility of the Hg 
jet target thickness for 50 Hz operation.

The beam dump for the 4 MW proton beam inside the superconducting capture solenoid is still an 
unsolved problem. This issue requires prompt attention either within the IDS-NF or the 5-year R&D 
plan since such a high power beam dump could be a major cost driver for a neutrino factory or muon 
collider.

Recommendation:

Develop a requirement for the pulse-to-pulse reproducibility of the pion production rate and compare 
with estimates based on the 3D magneto-hydrodynamic simulations.

Develop a design for a beam dump of the 4 MW proton beam.



MUCOOL and MTA R&D program and 
plan 

• MuCool Test Area (MTA) is a dedicated facility at the 
end of the Linac built to address MuCool needs. 

• This facility is on the forefront of the 5-year plan of 
MC feasibility studies and addresses the most 
important issues and challenges on the way to have a 
credible components of the cooling channel for MC.

• MTA carried out impressive R&D program in last year with 
major achievements in RF tests (especially HPRF), MTA 
reconfiguration and in developing LiH absorber.

• MTA clearly moved to the forefront of MC and NF R&D 
and became a clear leader 

• Future program is very impressive, has very well defined 
priorities, but still look too diverse

• 2008 recommendations of MUTAC had been addresses in 
full



MUCOOL and MTA R&D program and 
plan 

• Select and identify goals for the MTA with a 
short and well-defined list of target 
parameters to be reached, and 
corresponding milestones.

• Clearly define priorities: example, prioritize 
tests of 201 MHz, 805 MHz, HPRF and E x B 
study with new rectangular cavity.

• Clearly define MTA’s 5-year plan, resources

Recommendations:



MICE• Impressive progress
– MICE experimental running (parasitic)
– Civil engineering
– Instrumentation installation and testing
– Magnet design and procurement drives the early 

steps in the programme.
– Cavity

• Coordination with the ISIS schedule puts 
constraints on a complex and demanding 
programme. Moms will be increasingly important 
in ensuring reactive scheduling. 

• Five Year Plan
– Six step programme matches both Neutrino and 

Muon programmes.



MICE• Recommendations
• To assess the performance of the 201 MHz RF in 

the magnetic field levels for MICE to verify the 
assumption of dark current levels.

• Recognising the vital contribution that a timely 
delivery of MICE step VI will make to both the 
neutrino factory IDS and a Design Feasibility 
Study (DFS) for a Muon Collider, this committee 
recommends that maximum pressure is exerted by 
the collaboration on UK funding bodies to make a 
timely decision to fund the entire programme to 
the aspirational timescale.

• Provide an assessment of the timescales and 
costs of a wedge absorber test MICE



Acceleration System
• Findings

– Much work performed to generate plan for all stages of acceleration, 
especially in NF; thorough plan emerging especially for initial stages; 
most of these studies likely will carry over to influence the MC design

– Optics of RLA’s, including chromatic corrections, are evolving very well
– FFAG studies, and participation with EMMA, proceeding well
– Final stage of acceleration for MC being discussed, but needs much 

more attention
• Five-Year Plan

– Need to concentrate soon on specific design for 5-yr-plan; will need to 
use well understood processes; 

• Recommendations
– Develop a master, consistent “parameters list” to  help keep track of 

design status for 5-year plan (and for committees); use form of “change 
control” to update

– Choose soon a scenario for the final stage of acceleration for MC and 
concentrate on its development; this will take quite a bit of effort for a 
feasible design to emerge.



Design and Simulations
• Findings

– Many new results, especially in simulation of various cooling channels
– Good progress with new Collider design options; going toward dipole-

first IR design with better chromatic properties
– Targeting simulations very impressive
– Good collaboration between labs, universities, and industry (esp. 

Muons, Inc.)
– Guggenheim simulation performed, including windows in the system; 

worry that the 60x reduction in 6-D phase space (= 2^6) is not 
encouraging enough

– Simulations of RF breakdown are progressing well
• Five-Year Plan

– Continues to address above issues; worried about how to find the 30+ 
FTE’s required to carry out this part of the mission 

• Recommendations
– Perform design/simulation using “today’s” parameters (rf gradients, 

etc.) to obtain snapshot of what is obtainable today
– First-pass sensitivity analyses on various design options are needed in 

order to assist in the down-selection process, and will be required for 
the eventual design documentation.



International Issues
• Findings

– Well connected with MICE, IDS efforts, especially with UK
– Japan -- mostly neutrino program (J-PARC) and 

COMET/PRISM/MUSIC at Osaka
– CERN: hard to get attention for anything “not LHC”

• opportunities in future, w/ sLHC (injector upgrades part)
• CNGS, strong involvement from EU in T2K, D-CHOOZ, ...

– Many EU studies going on, with some amount of coordination
• EUROnu -- 4M€ for studies of nu fact's and super-beams, beta-beams, etc.

• Five-Year Plan
– Plan calls for strengthened international cooperation, especially 

with MICE and NF RDR work; plan will seek additional international 
participation for developing the advanced muon accelerator physics 
and technology concepts.

• Recommendations
– Continue to develop stronger ties with international community; 

perhaps further explore connections with Japanese counterparts.



RF R&D and 5-Year Plan
• Gradient limitation in presence of high B-field is primary 

challenge.
• 805 MHz tests:

– coated Cu and Mo, bare Cu and Mo and W
– 23 MV/m in 3.5T with TiN coated Cu at LBNL
– Damage observed on both button and iris

• TiN removed due to breakdown events
• 201 MHz Tests:

– MTA tests showed 14 MV/m at 0.37T
• Limited by solenoid quench

• HP gas filled cavity tests:
– H2 can provide ionisation cooling
– RF compensates for energy loss
– Dark current suppression allows operation in high B-field
– Demonstrated 39 MV/m @ 325 psia of H2 + SF6 (0.01%)
– Sulphur contamination under investigation
– Fast diagnostics developed to understand electron dynamics in HPRF

• Other activities:
– ALD
– Box cavity (E x B)
– Simulation validation



RF R&D and 5-Year Plan
• 5-year Plan:

– 2-year R&D followed by RF downselection process
– Critical tests will be the 201 MHz test with coupling coil and MTA test of HPRF cavity

• Comments
– RF R&D plan was consistent to develop an appropriate RF solution to meet the 2013 MC-

DFS, but not clear that its implementation into the cooling channel can be achieved within the 
same timescale.

– RF parameter goals are fundamental for RF downselection to be achieved and the 
committee questions whether a partial downselection can already be made, based on a 
minimum defined RF performance specification. This could focus the available resources and 
potentially reduce the RF R&D period to less than 2 years.

– A resource loaded breakdown for the RF R&D plan was not shown and the committee sees 
this as imperative in order to maximize the effectiveness of the RF downselection process. 

– As reported in previous MUTAC reviews, availability of the 201 MHz RF source is limited and 
this last year has restricted solenoid fringe field tests in the MTA. A more optimum 
exploitation of the hardware availability could be explored, i.e. working additional shifts. 

– Concerned to learn that the QA processes employed to change out the 201 MHz cavity 
windows may not have been appropriate to safeguard contamination of the cavity surfaces. 

– Having shown evidence of breakdown at modest gradients and B-fields in the 201 MHz 
cavities, concerns are that the required nominal performance (16 MV/m at 3.5T) can actually 
be achieved with these structures if surface damage is occurring.

– Progress on the ALD activity looks extremely promising, however it is at an early stage and 
the committee encourages demonstrated tests of this cavity in a high B-field environment.



RF R&D and 5-Year Plan

• Recommendations:

1. To provide a resource loaded RF R&D plan, 
highlighting prioritized activities and any 
potential for expediting the downselection 
process.

2. To define a minimum RF specification to 
expedite RF downselection.

3. The QA processes employed to change the 
201 MHz Be windows to be modified 
accordingly to ensure appropriate protection 
of the RF surfaces.



Magnet Program (1)
• Magnet development program is large

– Important to develop a model for the magnet development 
versus project risk to help optimize R&D plan and then 

– Develop priorities for the different aspects of the magnet R&D 
program.

• The design is still changing. 
– Developing a program with milestones and decision points will 

be essential to coordinate the different R&D programs and 
understand how the magnet R&D program needs to evolve as 
the NF/MC design evolves.  Milestones would include the choice 
of final cooling stage field, the cooling technology, and the ring 
magnet design.  These selection milestones should be 
scheduled as early as possible during the 5-year period.



Magnet Program (2)
• The high field solenoids are a critical challenge.  

– The plan to develop HTS conductor seems sound.  
– It would be important to benefit as much as possible from similar 

programs being pursued in other fields such as the NMR magnets. The 
effort in developing the HTS conductor should examine similar 
programs around the world.  

– Understanding the radiation performance of the HTS could be very 
useful – if the HTS is radiation hard, it could have broad benefits to the 
NF/MC design.  

• The modular HTS test facility sounds good.  
– It would be good to hear plans and progress next at the review.

• HCC magnets have a range of specifications.  
– The 5-year plan includes development of a 1-meter section of the lowest 

field portion of the HCC with the integrated rf.  Developing concepts for 
inserting and powering the rf cavities in the HCC could be useful before 
progressing too far along the prototyping route. 



Magnet Program (3)
• It is planned to develop a 4-coil prototype of the highest 

field potion of the HCC using the HTS presumably 
developed by the VHFSMC. 
– Given the challenges of the HCC and the HTS hybrid solenoids, 

it would be useful to focus on the HTS solenoid prototypes while 
developing detailed designs of the high field HCC magnets 
including the necessary inserts etc.  

– The HCC detailed design may be a necessary element of the 
cooling channel downselect and should be scheduled 
accordingly.



Detector Design and MDI (1)
• The 5-year plan describes a broad study to understand 

the physics program that can withstand the physics 
environment and is relevant after 10 years of LHC data.  
– The case for a MC depends critically on understanding the 

detector performance.  
– The committee endorses the plan and the deliverables.

• The plan would develop a physics case that is 
competitive with a comparable LC and the physics 
studies will be used to set minimum performance 
parameters for the MC.  
– It was noted that it may be hard to engage sufficient effort to fully 

support the plan.  This effort is very important for the MC effort 
and needs full support from the MC collaboration and the 
management of the collaborating laboratories.  



Detector Design and MDI (2)
• The plan outlines the goals defining the key physics studies and 

finding or developing the software platform that will be necessary to 
perform the studies.  
– These deliverables are very important.  
– Key physics processes should be chosen that highlight the strengths of 

the muon collider.  
– Collaboration with the linear collider community would be useful and 

would likely benefit both lepton collider efforts. 
• The plan described studies that would be performed for a variety of 

cms energies and the physics potential should be studied over a 
broad range of muon collider parameters to develop an optimized 
set of baseline parameters.  
– While desirable, such a complete study may be difficult to complete with 

limited resources.  Priority should be established in developing the 
different parameter sets.



Detector Design and MDI (3)
• The plan noted that a particular challenge for the MC 

detector may be the hadron calorimetry.  The LC 
detectors have adopted the particle flow algorithms to 
obtain improved the energy resolution.  
– It would be important to understand the applicability of the 

algorthim in the multi-TeV regime and in the particular case of 
the MC.

• Finally, the 5-year plan noted that detector R&D 
programs need to be started to tackle the most critical 
R&D and stated that they would explore and exploit 
synergies with ongoing detector R&D programs.  
– This would strengthen the program and a broader program on 

future lepton colliders may make it easier to engage the 
necessary experimental physicists.



R&D Plans in Context of Available Resources

Findings:
The collaboration is a participant in the International Design Study for a Neutrino 
Factory (IDS-NF) effort which is expecting to produce a Reference 
Design Study Report (RDSR) for a neutrino factory including a cost 
estimate.  An interim design report is required in 2010/2011 and a final report 2012/2013.  
There will be several siting options and Fermilab will be one of them.
On the other hand, the collaboration leads the effort for the muon collider effort and it is largely a 
US effort at this time, although the collaboration is quite open to changing this.

The committee was reminded it reviewed the 5 year plan before it was 
presented to P5, and sent to MCOG.  The P5 presentation included the vision that this plan 
is a start down the path that brings the energy frontier back to the US.  In December 2008 the plan 
was submitted to DOE/OHEP.  As of this time the 5 year plan has not been 
formally reviewed by DOE, and the collaboration is anxiously awaiting 
a reply from DOE.
The committee was told the 5 year plan is prioritized and thus the funding per year will be one of 
the considerations that determine how many years are needed to complete the plan.

The 5 year plan includes meeting its existing commitments to MICE 
and the IDS-NF, and it has four additional deliverables: 1) Muon Collider 
performance requirements based on physics, 2) A first end-to-end MC simulation; 3) Critical 
component development & testing; and 4) A first MC cost estimate. 

Down-selection of the RF options is to occur following 2 years of extensive RF R&D. This will then 
define the baseline cooling option, which will facilitate the building and testing of a short cooling 
section in years 3-5.



R&D Plans in Context of Available Resources

Findings:
A bottom-up resource estimate has been developed, and staffing 
commitments associated with the collaborating laboratories were 
shown. The difference between the bottom-up and the laboratory 
resources is identified as “Other” additional resources needed, which 
are assumed to be provided by university or SBIR initiatives. FTEs over 
the 5-year plan increase from the present level of 37/yr to 48, 79, 81, 86 and 88/yr respectively. 
Post-plan R&D activities and resources are also identified should they be required. The largest 
staffing increases identified in year 2 are to be applied to WBS elements “Design, Simulations, 
Report” (from 9 to 23FTEs), and “6D Cooling Section & Tests” (from 0 to 12 FTEs.) 
The total cost for the 5 year plan is $88.25M which represents an increase of about $58M 
compared to assuming the present level of funding (about $6M/yr) continues for 5 years.
The 5 year plan includes the formation of a team to consider muon 
collider detector backgrounds and radiation issues. This team will have 
available the work done in 1996 on these same topics.
The committee was given a presentation on Muons Inc.  Muons Inc. (partly supported 
by the DOE/OHEP SBIR-STTR funds) is continuing to make 
contributions to the neutrino factory and muon collider R&D efforts.  
These contributions include conceptual development, simulations, and hardware design, 
fabrication and testing.  Over the years, the participation of Muons Inc. has grown to include the 
support of the G4beamline simulation program, and conceptual design of a helical cooling channel 
for 6-D cooling.  In addition the company has supported R&D for high temperature 
superconductors (HTS) for high field magnets with Florida State University and Fermilab, and RF 
cavities with pressurized hydrogen gas for muon cooling which are to be tested with beam at the 
MTA (MuCool Test Area at Fermilab.)  This company has also supported workshops at Fermilab 
and JLab, provides leadership in the MANX proposal to Fermilab, and recently has joined MICE.  
Muons Inc. intends to participate in the 5 year plan, if it is approved.

Comments:
It is not clear from the 5 year plan that a suitable prioritization has been performed across all 
technical solutions being investigated. The collaboration management needs to be selective in 
directing resources as appropriate.  The type of questions to be addressed include: 
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R&D Plans in Context of Available Resources

Comments:

It is not clear from the 5 year plan that a suitable prioritization has been performed across all 
technical solutions being investigated. The collaboration management needs to 
be selective in directing resources as appropriate.  The type of 
questions to be addressed include: 

1) Where are the “Other” resources coming from?
2)  What is being done now to facilitate the rapid staffing increases, in the 

event that DOE approves the plan?
3) What down-selection criteria for the RF and cooling channel are 

acceptable in terms of gradient and B-field?  These criteria should be 
identified now, so that immediate resource re-direction can focus on 
appropriate solutions.

SBIRs continue to make important contributions to the muon collider effort.  One example is 
Muons Inc. which is organizing another Low Emittance Muon Collider (LEMC) workshop in June 
at Fermilab.  (The workshop in June will be the fourth such workshop.)

DOE support for the 5-year plan is imperative if the NFMCC and MCTF 
are to deliver a NF-RDR in 2012 and a MC-DFS in 2013.



R&D Plans in Context of Available Resources

Recommendation:

The 5 year plan needs to be augmented with details showing how the step 
function increase in FTEs from the “Other” category is to be managed by 
the collaboration.


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	MUCOOL and MTA R&D program and plan 
	MUCOOL and MTA R&D program and plan 
	MICE
	MICE
	Acceleration System
	Design and Simulations
	International Issues
	RF R&D and 5-Year Plan
	RF R&D and 5-Year Plan
	RF R&D and 5-Year Plan
	Magnet Program (1)
	Magnet Program (2)
	Magnet Program (3)
	Detector Design and MDI (1)
	Detector Design and MDI (2)
	Detector Design and MDI (3)
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


