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Report on a Revised Plan to Complete the Muon Ionization Cooling Experiment (MICE) at Rutherford Appleton Laboratory
Report submitted to the U.S. Department of Energy by the U.S. Muon Accelerator Program in response to the DOE program review on August 12-14, 2014
Report Date:	September 15, 2015
1. Introduction
This report has been generated in response to the Technical and Management Review of the U.S. Muon Accelerator Program conducted by the U.S. Department of Energy Office of High Energy Physics on August 12-14, 2014.   As stated in the review charge, the review was carried out… 

in response to the U.S. Particle Physics Project Prioritization Panel (PS) Report which recommended to:

Reassess the Muon Accelerator Program (MAP). Incorporate into the GARD program
the MAP activities that are of general importance to accelerator R&D, and consult with
international partners on the early termination of MICE.

In particular, the panel recommends to "realign activities in accelerator R&D with the P5 strategic plan. Redirect muon collider R&D and consult with international partners on the early
termination of the MICE muon cooling R&D facility."

A key outcome of the review was the action item:

Present to DOE a detailed plan for Step 3π/2 by 15 September 2014.

This report describes that plan, which aims for the completion of MAP-supported participation in the Muon Ionization Cooling Experiment (MICE) with a demonstration of the full cooling process, including RF re-acceleration, on the 2017 timescale.  It also targets a rapid ramp-down of the other elements of the MAP research effort over the next year.
2. Overview
Overview by Ken Long and Mark Palmer

3. MICE Optics Summary
Optics Summary by MICE optics team with supporting evaluations from MAP D&S Team

4. The Revised MICE Project Plan
Overview Section of full project to be provided by Roy Preece
4.1 Summary of Modifications to UK Project Plan
Section to be provided by Roy Preece and Alan Grant 
4.2 US Construction Project Modifications
Section to be provided by Alan Bross
4.3 US Construction Budget Overview
Section to be provided by Peter Garbincius
4.4 Key Project Evaluation Criteria
· Revised US Risk Analysis - Alan B. , Mark, Peter

PeterG – Monday, Sept 8, 4 PM:

We distinguish R&D Risk from Contingency.  Contingency is the typical project construction contingency based on incomplete specifications or design, and uncertainty in the cost estimate or in the time that will be required to perform a given task.  Typically, this US MICE estimate includes a 30% contingency in the cost estimate and 40% contingency in US$ for labor.  There is also an overall time contingency added to the time required to do a related series of tasks.  This appears in the US MICE Project Plan as the difference between the “Required” (with time contingency) and the “Ready” (without time contingency) dates.

R&D Risks are different in nature.  They are cost and time estimates of what might be needed to mitigate the unknown problems that might be encountered in performing a new type of task for the first time. While the contingency is included in the baseline MICE Project Plan cost estimate and schedule, the R&D Risk is not.  It is tabulated and added separately.  As the MICE construction project has progressed and the definition of the MICE program has matured, many of the original R&D Risks considered through MICE Step VI have either been faced and overcome or “retired”, sometimes accruing part of the Risk estimated cost, or have been removed as the MICE program has changed from Step VI to Step V to Step 3π/2.  In November, 2013, the initial Risk Register consisted of 21 identified R&D Risks, with an estimate of $ 10.4 M to mitigate or respond to a realized Risk. As a first order guess, we assumed that only ½ of these Risks would be realized, so provided a Risk allowance of 50%*$ 10.4 M = $ 5.2 M.  Since then, we added another Risk, and retired 10 of the Risks at an accrued cost of $ 973 K compared to a Risk estimate of $ 3.1 M, or a ratio of accrued to estimate of 31% (compared to our 50% assumption).   

The decision to limit MICE to Step3π/2 using only two single RF cavity modules, has greatly reduced the cost, complexity, and R&D Risks.  There remain 7 Risks with total estimate of $ 3.84 M. The removal of the Coupling Coil Magnet (CCM) has removed the risks of cryostating, testing, and integrating and commissioning CCM, while also greatly reducing the scope and risk of the Partial Return Yoke (PRY) magnetic shielding from that of Step V.  Now PRY Step 3π/2 is only a 40% linear extension of the PRY Step IV and the design and installation plans and experience are of PRY IV are directly applicable to PRY 3π/2 with minimum risk.  Moreover, the removal of CCM means that the RF cavities will experience only the fields of the Absorber Focus Coils (AFC).  The Single Cavity Test System SCTS, using the prototype 201 MHz RF cavities, couplers, actuators, etc. are currently operating in the MuCool Test Area (MTA), and will operate using the MTA magnet which was the prototype for AFC.  Therefore the systems test with magnetic field of SCTS at MTA will test exactly the components and configuration (except without the PRY magnetic shielding of the couplers) as for the MICE production system and operational conditions.  The only difference between the SCTS and the production MICE RF Modules is in the vacuum end windows. After testing at MTA, the SCTS will be sent to Daresbury Laboratory to serve as a test load for the RF drive systems being prepared for the MICE installation.  

The remaining active Risk Register for Step 3π/2 is shown below:
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The remaining R&D Risks are of three types:  system integration, SCTS testing, and RF Module production and assembly.  The SCTS has successfully operated up to 8 MV/m and 1 MW power. Step 3π/2 requires 12 MV/m.   Although testing in the magnetic field has not been done yet, testing with a prior RF cavity in this magnetic field has indicated that no problems should be anticipated.  The successful assembly and operation of the SCTS using prototype MICE RF Module components has already been demonstrated.  The system integration Risks will only be faced when the components are delivered, installed, and commissioned at RAL.  The questions here will be whether the pieces fit together properly and whether there unforeseen interactions between the Spectrometer Solenoid, AFC, RF Modules, and PRY systems.  These will have to be addressed by sending engineers to RAL to assess and possibly local field modifications, so a relatively large $ Risk estimate is retained.

· Revised US Milestone Table/Waterfall Plot - Rich, Peter, Mark

[bookmark: _GoBack]PeterG – Monday, Sept 8, 4 PM

From 14-09-08 MICE Project Plan
Major US MICE Deliverable dates to RAL are:
	March 24, 2015 – completion of partial deliveries of Partial Return Yoke (PFY) for Step IV 
	March 1, 2016 – delivery of Partial Return Yoke (PFY) for Step 3π/2  
		escalated this to ready to ship all PRY 3π/2 parts to RAL by January 2016
		also need to re-name RF Unit & RFCC#1 => RF Module #1 and RF Module #2                                                                  	August 1, 2016 – delivery of MICE RF Module #1 and Module #2
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· Revised UK Risk Analysis - Roy, Alan G.
· Revised MIPO Milestone Table/Waterfall Plot
5. Conclusion
Overall impacts and plans for MAP effort (including MICE) given the $9M-$6M-$3M budget profile.
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