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In accordance with Requirements set forth in Article XI.A(3) of the CRADA document, this 
document is the final CRADA report, including a list of Subject Inventions, to be forwarded to 
the Office of Science and Technical Information as part of the commitment to the public to 
demonstrate results of federally funded research. 
 
CRADA number:  FRA-2007-0002 
 
CRADA Title:   Magnets for MUON 6D Helical Cooling Channels 
 
Parties to the Agreement:  MUONS, Inc and Fermi Research Alliance, LLC 
 
Abstract of CRADA work:  
 
MANX is a 6-dimensional muon ionization-cooling experiment that has been proposed to 
Fermilab to demonstrate the use of a Helical Cooling Channel (HCC) for future muon colliders 
and neutrino factories. The HCC for MANX has solenoidal, helical dipole, and helical 
quadrupole magnetic components which diminish as the beam loses energy as it slows down in 
a liquid helium absorber inside the magnets. Additional magnets that provide emittance 
matching between the HCC and upstream and downstream spectrometers are also described as 
are the results of G4Beamline simulations of the beam cooling behavior of the complete magnet 
and absorber system.  
 
Muons, Inc is proposing to develop designs and construction methods for these magnets and to 
design a complete magnet system for a six-dimensional muon beam cooling channel.  The scope 
of this CRADA is limited to the baseline conceptual design and planning for a proposed Phase 
II project.  Funded in part by STTR grant DE-FG02-06ER86282. 
 
Summary of Research Results: 
 
The MANX demonstration experiment should be based on the Helical Solenoid magnet system. 

• The Helical Solenoid generates the longitudinal and transverse helical magnetic fields 
for effective ionization-cooling. 

• The magnetic and mechanical analyses of the Helical Solenoid have confirmed that the 
magnet system can be built. 

• The Helical Solenoid could be combined with a helical RF cavity to compensate muon 
energy loss in the absorber. 
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Related Reports, Publications, and Presentations: 
 
Muons, Inc. Final Technical Report on STTR Project DE-FG02-06ER86282 Development and 
Demonstration of 6-Dimensional Muon Beam Cooling. United States: N. p., 2011.Web. 
doi:10.2172/1015012. (OSTI Identifier: 1015012) 
 
PAC07, Albuquerque, NM, June 2007, IEEE, APS, LANL, “Magnets for the MANX 6-D Muon 
Cooling Demonstration Experiment” (MOPAS012) 

EPAC08, Genoa, Italy, June 2008, EPS-AG, IEEE, APS, “Magnets for the MANX 6-D Muon 
Cooling Demonstration Experiment” 

 
Subject Inventions listing:  
 
None 
 
Report Date:  24 May 2011 
 
Technical Contact at Fermilab:  Alexander Zlobin 
 

This document contains NO confidential, protectable or proprietary information. 
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