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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 (P5) Report[footnoteRef:1] which recommended to: [1:  “Building for Discovery: Strategic Plan for U.S. Particle Physics in the Global Context”, http://science.energy.gov/~/media/hep/hepap/pdf/May%202014/FINAL_P5_Report_053014.pdf] 


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
The Muon Ionization Cooling Experiment proposal[footnoteRef:2] for the Muon Ionization Cooling Experiment aimed for a deployment of the ionization cooling channel elements to support an experimental program in 6 steps (see Figure 1) at the Rutherford Appleton Laboratory.  The optics were based on the 201 MHz RF SFOFO cooling channel that was developed as part of the US Feasibility Study II[footnoteRef:3].  Table 1 summarizes the key top-level experimental deliverables that would be provided by each step.   [2:  “An International Muon Ionization Cooling Experiment (MICE),” Proposal to Rutherford Appleton Laboratory, http://mice.iit.edu/micenotes/public/pdf/MICE0021/MICE0021.pdf]  [3:  ‘Feasibility Study-II of a Muon-Based Neutrino Source’, S. Ozaki, R. Palmer, M. Zisman, and
J. Gallardo, eds. BNL-52623, June 2001, http://www.cap.bnl.gov/mumu/studyii/FS2-report.html] 


Due to challenges with the construction schedule, primarily associated with fabrication of the cooling channel magnets, the collaboration opted for a streamlined experimental plan.  As of the November 2013 MICE Project Board Review and the February 2014 DOE review of MAP, that plan envisioned Step I (already complete), Step IV operations during the 2015-16 timeframe, and Step VI operations starting sometime in 2019.  In April 2014, revised budget guidance from the DOE Office of High Energy Physics forced reconsideration of this plan and the MICE Project Board endorsed development of a revised plan that could conclude at Step V, both to save money and time, while preserving the critical demonstration of the full ionization cooling process including RF re-acceleration.    In May 2014, the P5 recommendation to negotiate a rapid conclusion of the MICE experiment appeared and the August DOE review was convened to evaluate whether a 3-year plan could accommodate Step IV and/or Step V.

[image: ]
Figure 2:  The six experimental steps as envisioned in the MICE proposal.  Step I has been completed and due to the fabrication schedule of the magnets, Steps II and III have been skipped with Step IV to begin commissioning early in calendar 2015.  The envisioned Step V would provide a demonstration of emittance cooling with RF re-acceleration while Step VI would provide a full cell of the cooling channel envisioned for the neutrino factory design of the US Feasibility Study II.


Table 1:  Key experimental deliverables of the 6 steps originally envisioned for the MICE Experiment.
	Deliverable
	Step I
	Step II
	Step III
	Step IV
	Step V
	Step VI

	Characterization of TOF and PID systems
	✓
	
	
	
	
	

	Characterization of Spectrometer Solenoid and Tracker Performance
	
	✓
	✓
	✓
	
	

	Characterization of Cooling Channel Absorber Energy Loss and Multiple Scattering
	
	
	
	✓
	
	

	Demonstration of Emittance Cooling with RF Re-acceleration
	
	
	
	
	✓
	

	Characterization of SFOFO Cooling Channel Optics (based on Study II) with canonical momentum control
	
	
	
	
	
	✓



The MAP position on the MICE experiment is that a demonstration of the full ionization cooling process (ie, emittance cooling combined with RF re-acceleration) must be completed in order for a successful conclusion to be achieved.  In Table 2, this corresponds to completion of Step V.  However, the members of the August 2014 review committee indicated extreme skepticism that declining US support would allow this to be achieved with Step V given both the budget profile being proposed by DOE (which would severely restrict US experimental support) and the 3-year timeframe prescribed (which would likely result in very limited US laboratory support to be available for Step V operations).  Finally, the committee expressed concerns that the remaining R&D risks associated with the RF-Coupling Coil (RFCC) module could be adequately managed within the 3-year timeframe.  With these concerns, the MICE team at the review carried out a preliminary assessment of whether a demonstration of emittance cooling with RF re-acceleration could be provided with components already largely in hand and within the 3-year timeframe specified by the US DOE.  The resulting concept has been (temporarily) labeled MICE Step 3/2.  Over the course of the last month, this concept has been evaluated in greater detail as described below.

[bookmark: _GoBack]The MICE Step 3/2 plan aims to utilize the complement of magnets presently available for the cooling channel, consisting of two spectrometer solenoids delivered by the US team and two focus coils provided by the UK team, as well as the hardware for 2-3 RF cavities on the beam line which is already largely in hand.  This greatly reduces the US risks associated with assembly of the RFCC module and minimizes the UK effort required to modify the MICE Hall at RAL to accommodate the RFCC and the required magnetic shielding which would surround it in the Step V configuration.  Figure 2 shows the generalized layout that has been pursued to evaluate the relevant beam line optics.  It should be noted that this generalized configuration actually has closer resemblance to the optics being considered for “modern” neutrino factory cooling channel designs being considered by the IDS-NF study[footnoteRef:4] as well as by the Muon Accelerator Staging Study (MASS) within MAP. The revised configuration will require an alternative design for a Partial Return Yoke (PRY) for the beam line to be developed – a relatively straightforward engineering exercise which is significantly less expensive than the Step V configuration.  Furthermore, additional absorbers may need to be procured in order to successfully execute the plan.  The additional absorbers offer negligible project risk and budget impact. [4:  IDS-NF “Interim Design Report,” http://arxiv.org/abs/1112.2853] 


The following sections describe the optics and project impacts of executing this step as the conclusion of the MICE demonstration.  Our evaluation indicates that a successful demonstration of the ionization cooling process can be achieved with this configuration within the timeframe mandated by the DOE budget profile for concluding the MAP effort.
[image: ]
Fig. 2:  A generalized layout of the proposed cooling channel showing the position of the coils in each of the spectrometer solenoid and focus coil magnets.  The three gaps shown provide space to match the lattice parameters for the cooling demonstration and for inclusion of the necessary RF and absorber elements.  
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
· Revised US Milestone Table/Waterfall Plot - Rich, Peter, Mark
· 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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3.5.3 Evolution of the apparatus in time 
Given that all detectors and parts of the equipment will not be ready at the same time, one can 
foresee a development of the experiment in time, to allow a number of preparatory stages. 
This leads to the scenario presented in Figure 3.12. First (step I) the beam can be tuned and 
characterized using a set of TOF and particle ID detectors. In step II the first spectrometer 
solenoid allows a first measurement of 6D emittance with high precision and comparison with 
the beam simulation. This should allow a systematic study of the tracker performance. 



Step III is fundamental for the understanding of a broad class of systematic errors in MICE. 
The two spectrometers work together without any cooling device in between and should 
measure the same emittance value (up to the small predicted bias due to scattering in the 
spectrometer material). Step IV, with one focusing pair between the two spectrometers, 
should give a first experience with the operation of the absorber and a precise understanding 
of energy loss and multiple scattering in it. Several experiments with varying beta-functions 
and momentum can be performed with observation of cooling in normalized emittance. 
Starting from step V, the real goal of MICE, which is to establish the performance of a 
realistic cooling channel, will be addressed. Only with step VI will the full power of the 
experiment be reached.  



Figure 3.13: Six possible steps in the development of MICE 
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