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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
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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 8 Risks with total estimate of $ 4.4 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.  (WE SHOULD REMOVE THE Step 3π/2 Shielding Review RISK ESTIMATE FROM of $ 566 K)  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:
[image: ]

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 XX MV/m and Y.Z MW power.  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
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From 14-09-03 MICE Project Plan – Needs some formatting to better fit this report
Major US MICE Deliverable dates to RAL are:
	March 24, 2015 – completion of partial deliveries of Partial Return Yoke (PFY) for Step IV
	July 20, 2016 – delivery of Partial Return Yoke (PFY) for Step 3π/2
	August 1, 2016 – delivery of MICE RF Units
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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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RISK Milestones                                                                 

Alan Bross - 6nov2013                                                                  

updated by Peter Garbincius - 3sept2014

Start  

Date

Finish Date 

Extended 

Calendar 

Days

Remaining 

Est. to  

Mitigate 

Risk $ K US

Risk Impact and Actions

IV

15 1.05.05.01.02.04

(R2) - MICE-US SS Component Integration - Possible 

Costs for this R2 Risk (UID-1861)

12/11/15 118

562

EXAMPLES:  vacuum leak, failure of current lead, cryocooler, quench 

protection, controls   IMPACT:(Delay of start of MICE step IV) - 

ACTION:(Continued improvements of SC magnet controls) - still working 

on backup Quench Protection System

IV

7 1.05.02.01.05.07

(R1) - SS#1 & SS#2 Spectrometer Solenoids Ready for 

Operations - Possible Costs for this R1 Risk (UID-

2208)

11/05/14 176

462

IMPACT:(Delay of start of Step IV) - ACTION:(Assess problems & make 

corrections)

IV

14 1.05.05.01.04.04

(R2) - MICE-US Shielding Step IV Component 

Integration - Possible Costs for this R2 Risk (UID-

1873)

06/26/15 115

262

IMPACT:(6 month delay in MICE Step IV data) - ACTION:(Re-do 

integration engineering for partial yoke solution and do field 

modifications in MICE Hall)

3π/2

13 1.05.03.01.02.03.05

(R1) - MICE Step 3π/2 Magnetic Shielding 2 Week 

Review Window - Possible Costs for this R1 Risk (UID-

1799)

06/17/16 173

566

IMPACT:(Delay in finalization of Step 3π/2 shielding design) - 

Action(Increase engineering effort) (Mark - 8/18/2014: take #$ (Step V-

VI)/2)

3π/2

18 1.05.05.01.04.08

(R2) - MICE-US Shielding Step 3π/2 Component 

Integration - Possible Costs for this R2 Risk (UID-

1877)

07/02/18 113

281

IMPACT:(6-12 month delay in MICE Step 3π/2 readiness) - ACTION:(Re-

visit integration issues and field modifcations in MICE Hall) (Mark - 

18aug2014:   suggested halving this since would have done for Step IV 

and less steel)

3π/2 11 1.05.02.02.05.05.04

(R1) - SCTS Prototype Test (RFCC_Lite - Single Cavity) - 

Possible Costs for this R1 Risk (UID-1701)

11/23/16 176 723

IMPACT:(Delay in RFMods #1 and #2 delivery to RAL) - 

ACTION:(Evaluation of design limitations and development of mitigation 

plan)   Perform test of SCTS at MTA with prototype AFB magnet incl 

offest to test Couplers in Magnetic Field - Risk remains, but reduces 

Probability to 25%

3π/2

6 1.05.01.01.04.08.07

(R2) - 201 MHz Production Cavity Assembly & Test 

(RFCC#1) (Production) - Possible Costs for this R2 

Risk (UID-1443)

10/01/15 120

1,269

IMPACT:(Re-work of critical hardware and potential delay of RFMods #1 

and #2 delivery) - ACTION:(Assess failure and modify design)

3π/2

17 1.05.05.01.03.04

 (R1) - MICE-US RFMods #1 and #2 Beam line 

Integration - Possible Costs for this R1 Risk (UID-

1866)

05/16/18 170

281

IMPACT:(RF Integration problems)(Likely impact is a 6-12 month delay in 

MICE Step 3π/2 readiness) - ACTION:(Re-visit integration issues and 

correct) (Mark - 18aug2014:  suggested halving because fewer RF cavities 

and simplified installation)
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101.01.02 L0- Start of Project 10-01-2011 (FY12} 10/1/11 100% *

101.01.07 10- End of MAP Project 13118 0% ®
L1 Milestones

102.05 L1- End of Advanced Concepts for Muon and Newtrina Sources of30/15| 0% @

104.02 L1- End of Muon lonization Caoling Experiment (MICE} o30/16 | 0% @

10108 L1- End of Program Management of20017| 0% ®

1.03.04 L1- End of MuCool Test Area MTA} 9/29/17 0% I I i3 I @

105.18 L1- End of MICE Construction 13118 0% ®
L2 Milestones

105.06 L2 Ready for MICE Step IV Run of22/15| 0% L)

105.11 L2 Endl of MICE Step IV Run 12/22/18) 0% C)

105.12 L2 Ready for MICE Step 3pi/2 Run 117 | 0% ®

105.17 L2 End of MICE Step 3pi/2 Run 13118 0% ®
La Milestones

1.05.04.0102.0104 14~ [Required] - MICE-US LIH Disk Fabrication - Waiting for DO appraval for Shipping ajz0/1a 0% @

1.05.03.01.01.03.01 L4 MICE Step IV Magnetic Shielding Installation at RAL - SOUTH FRAME [Constraint Start Date Supplied by Alan Grant #2014-03-RLSR E2.1 - ID908) 815714 0%

1.05.03.0101.01.17 L4~ [Required] - MICE Step IV Magnetic Shielding RAW Material Procurement - SOUTH WALL - Complete 8714 0%

1.05.03.0101.0149 |14~ [Required] - MICE Step IV Magnetic Shielding RAW Material Procurement - NORTH WALL - Complete. 10/15/14 0% = 1 i e = fe—=— 1

1.05.03.01.01.0108 L4~ [Required] - MICE Step IV Magnetic Shielding Procurement and Fabrication - SOUTH FRAME- Complete 10/22/18 0%

1.05.03.0101.03.04 L4 MICE Step IV Magnetic Shielding Installation at RAL - SOUTH WALL Constraint Start Date Supplied by RAL) 10/23/14 0%

105.02.0201.0108 L4~ Cold Mass #2 Amives at LBNL /4714 0%

105.03.0102.0104 L4~ [Required] - MICE Step 3pi/2 Magnetic Shielding Conceptual Design Studies /614, 0%

1.05.03.0101.01.23 14~ [Required] - MICE Step IV Magnetic Shielding Fabrication - SOUTH WALL - Complete /21718 0%

1.05.03.0101.02.04 14~ [Required] - MICE Step IV Magnetic Shielding Shipped to RAL - SOUTH FRAME - Complete 11/26/14 0%

105.03.0101.01.27 |14~ [Required] - MICE Step IV Magnetic Shielding Fabrication - NORTH WALL - Complete. 12/16/14 0% = 1 1 % = = fe—=— 1

105.01.01.04.0604 L4~ [Required] - 201 MHz Cavhy Boc Prep: Tooling ) (RFCCHT) 515 | 0%

1.05.03.0101.01.10 14~ [Required] - MICE Step IV Magnetic Shielding Procurement and Fahrication- NORTH FRAME - Complete yo/1s | 0%

105.03.01,01.03.07 L4~ MICE Step IV Magnetic Shielding Installation at RAL - NORTH FRAME (Constraint Start Date Supplied by RAL} 114715 0% o]

105.03.0101.03.10 L4 MICE Step IV Magnetic Shielding Installation at RAL - NORTH WAL (Constraint Start Date Supplied by RAL} /20715 0% ®

1.05.03.01.01.0130 14~ [Required] - MICE Step IV Magnetic Shielding North FRAME and WAL Fit-Up - Complete 128715 0% @

105.03.01.01.02.08 14- [Required] - MICE Step IV Magnetic Shielding Shipped to RAL - SOUTH WALL - Complete. 1/28/15| 0% 1 @ [ [

105.04.0102.03.04 L4~ [Required] - MICE-US LiH Wedge Fabrication 1730715 0% @

1.05.01.01.04.0104 L4~ [Required] - 201 MHz Cavity Electro-polished (Production} 2e/15 | 0% @

105.0.0101.02.12 14~ [Required] - MICE Step IV Magnetic Shickding Shipped to RAL- NORTH FRAME - Complete 315 | 0% [

105.01.0105.0104 14~ [Required] - RFCC #1 Vacuum Vessel Fabrication 3/18/15| 0% L

1.05.03.0101.02.16 L4- [Required] - MICE Step IV Magnetic Shielding Shipped to RAL - NORTH WALL - Complete. 3/24/15 0% @

105.03.01.01.02.17 L4~ MICE Step IV Magnetic Shielding Received at RAL 3/2a15| 0% ®

105.03.0102.0204 14~ [Required] - MICE Step 3pi/2 Magnetic Shielding Detailed Engineering aj2j1s| 0% ®

1.05.03.01.02.0209 L4~ MICE Step 3pi/2 Magnetic Shielding Detailed Engineering a2/15 0% I ] i i

105.03.0101.04 L4~ MICEIV Magnetic Shielding - Complete a30/15| 0% ®

105.01.0104.0204 14~ [Required) - 201 MHz Actuator Fabrication (Pradction Unfts} (RFCGH1) 6/10/15| 0% ®

105.01.01.04.03.08 14~ [Required] - 201 MHz Coupler [ Units) (RFCCH1} - Complete 6/10/15| 0% @

105.01.0104.0503 L4~ AllRF Parts (Except Couplers) for RECGH1 Ready 6/10/15 0% Ll

105.02.0202.0104 14~ [Required) - RF Uit - & < s/10/15| 0% ®

105.01.01.05.0204 14~ [Required] - RFCC #1 Vacuum Vessel Assembly & Test /1215 0% @

105.01.01.05.02.05 L4~ RFCC #1 Vacuum Vessel Assembly & Test (Complete} 6/12/15 0% i e T T

105.02.01.01.04  |L4- SSH1 & SSH2 Spectrometer Solenoids Ready for Operations 9/22/15 0% T

1,05.01.01.03.01.06 14~ [Required] - 201 MHz SCTS Coupler Tests - Complete 10/12/15| 0% @

105.01.01.04.0608 L4~ [Required] - 201 MHz Cavhy Body Prep: & Test ) (RFCCHT) 10/16/15 0% e

1.05.01.01.04.06.09 L4~ 201 MHz Production Cavity Bady Preparation & Test - Complete (RFCCH1) (Proguction) 10/16/15 0% ®

1.05.02.02.02.0204 14~ [Required] - RF Unit Design and Fabrication of a Shipping Frame 10/27/15 0% =1 ®

1.05.05.01.02.05 14- MICE-US S Component Integration - Complete. 12/10/15 0% | [ ® 1

105.02.0202.0108 L4~ [Required] - RF Unit RF to Vacuum Vessel Fit-up - Complete 3/22/16| 0% @

105.02.0202.0109 L4~ RF Unit Readyto Shipto RAL 3/22/16| 0% ©

105.02.02.02.0208 14~ [Required] - RF Unit Preparation for Shipment to RAL 5/18/16| 0% [

1.05.03.01.02.03.05 L4 [Required] - MICE Step 3pi/2 Magnetic Shielding Parts - Completed 5/19/16| 0% @

1.05.03.0102.0404 L4~ [Required] - MICE Step 3pi/2 Magnetic Shielding Shipped to RAL 72016 0% ®

105.03.01.02.0405 L4~ MICE Step 3pi/2 Magnetic Shielding Recefved at RAL 7/2016| 0% ®

105.02.0202.03.04 L4~ [Required] - RF Unit Shipment to RAL 8/1/16 | 0% @

105.02.0202.03.05 L4 MICE RF Unit Arrives at RAL [UK Desired hy 01/03/17) 8118 | 0% @

105.02.0202.0403 L4~ RF Unit Installation & Commissioning at RAL - Complete 117 | 0% @

06 L4~ MICE 3pi/2 Magnetic Shielding- Complete a1 0% °
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