2.4  Cooling Channel Component Integration and Experiments: 

 

2.4.1 Co-editors:  Robert Palmer, Andreas Jansson

 

2.4.2 Goals:
 

 

 

   (i)  Introduction

 

Cooling requires sufficiently strong focusing (low beta) and low Z material absorbers (hydrogen is the best), to assure significant transverse cooling. In addition, for 6D cooling, a mechanism for emittance exchange between transverse and longitudinal cooling is needed. Emittance exchange requires dispersion (higher momenta displaced relative to low momenta) and a geometry such that the higher momenta pass through more absorber than those with lower momenta. 

 

Two conceptual geometries are being studied for 6D cooling: a) a periodic lattice with  bending into a ring, helix, or snake, to generate dispersion, and wedge shaped absorbers. b) a continuous Helical Cooling Channel (HCC) filled with high pressure hydrogen gas, designed such that the orbits of the higher momentum muons are longer than those for the lower momenta. In both cases, accelerating rf must be introduced to compensate for the energy loss in the absorbers; and in both cases it is natural that the rf is operating close to, or in significant magnetic fields. Each conceptual geometry has significant concerns.

In the Helical Cooling Channel integrating the rf within the helical coils is difficult. In the periodic lattices  there the concern that the vacuum rf will not perform adequately in the magnetic fields. 

 

The helical Cooling Channels are designed to be filled with high pressure hydrogen gas. In the periodic lattices, high pressure hydrogen gas could be used in the earlier 6D cooling stages to avoid breakdown problems with rf in magnetic fields. Concerns in the use of high pressure hydrogen gas, for HCC or a periodic lattice are: 1) that the ionizing beam passes through the gas will either cause break down or excessive rf losses; 2) safety concerns with the use of large volumes of high pressure hydrogen together with possible ignition sources; and 3) the required entry, exit and safety windows may introduce too much emittance growth. These are basically integration issues that may require an experimental demonstration of a part of the chosen system.

 

As the emittance falls in later 6D cooling stages it becomes less practicable to use hydrogen gas in the reacceleration, because this would require ever higher magnetic fields over that rf. It then becomes necessary to use periodic lattices (Guggenheim, Snake or PIC) to generate very low betas at discrete absorbers, and rf at higher betas, operating in vacuum. Thus finding a solution to operating vacuum rf near or in magnetic fields cannot be avoided.

 

After the last stage of 6D cooling, all designs require final 4D cooling in very high field solenoids, lithium lenses, or reverse emittance exchange in wedges in very low betas. An experiment to demonstrate this last stage of cooling may also be required.

 

(ii)            Possible integration experiments:

 

a)     A high pressure hydrogen gas filled HCC for early 6D cooling to the order of 1 pi mm radian

b)     A high pressure hydrogen gas filled periodic lattice for early 6D cooling to the order of 1 pi mm radian.

c)     A vacuum rf periodic lattice for early 6D cooling to the order of 2000 pi mm mrad

d)     A vacuum rf periodic lattice for late 6D cooling to the order of 400 pi mm mrad

e)     A high field solenoid 4D cooling to the order of 25 pi mm mrad

 

Item c) would be the easiest, since it involves equipment not unlike that being built for MICE. 

 

Items a) and b) could probably use the MICE detector equipment, but would be me more expensive because of the use of high pressure hydrogen and, in item a) the construction of the helical magnet system. 

 

Item d) may have a high priority in demonstrating 6D cooling to lower emittances than those explored at MICE, but they will require development of detectors capable of measuring these smaller emittances. Some thought has been given to this and it is possible that measurements made with a gas TPC in the MICE detector solenoids would be able to do it.

 

Item e) would be an even greater measurement challenge that has not yet been studied. I will also require at least one 50 T solenoid, but a pulsed solenoid might be acceptable for a first demonstration and would be significantly cheaper than a DC solenoid like that at the NHMFL in Florida. 

 

None of these experiments can be done in the next four years, and it is improbable that funds will not be available for all of them at any time. Thus we should not undertake any one experiment until its technical problems have been fully explored technology choices should have been made.  But in the meantime, studies will be needed to develop the needed beam and detector technologies and cost estimates for each experiment should be developed.

 

(iii)          Design and cost studies of possible cooling experiments.

 

 

(iv)          ****************************************

 

END OF NEW PART  -- THE ABSORBER R&D NEEDS TO BE FOLDED IN

 

 

 

 

 

 

(i)              Test performance of HPRF cavity with beam.

 

A theoretical study [cite Alvin] suggests that cavities exposed to the required muon beams would suffer rapid loss of gradient, but this prediction depends on many uncertain assumptions. A proton beam is being built to the MTA where it is planned to operate as small high pressure test cavity. The beam will not be as intense, nor have the time structure of the muon beams to be cooled, nor is the test cavity much like the needed cavities, but this important test will test the theoretical predictions.

 

(ii) Design, prototype and test liquid hydrogen (wedge) absorbers suitable for 6D cooling lattices.

 

6D cooling using periodic lattices employ wedge shaped absorbers. These could be made of Lithium or Lithium hydride.  Some R&D for the containment and cooling of such absorbers is needed. But in most applications performance is better with liquid hydrogen. The liquid hydrogen containment and safety windows should be as thin as possible and made with the lowest possible Z materials. Study of the use of AlBemet is needed. Several ideas have been suggested for the construction of liquid hydrogen absorbers with wedge , or wedge like, shapes. These need engineering development and simulation studies.

 

2.4.3 Deliverables
 

(i)              Cooling channel technology proof-of-principle report enabling technology choices.

(ii)            Studies outlining needed beam and detector systems and expected costs of experiments to demonstrate cooling in

a)     A 6D cooling to the order of 2000 mm mrad

b)     A 6D cooling to the order of 400 mm mrad

c)     A 4D cooling to the order od 25 mm mrad

 

 

2.4.4 Study Elements
 

To be listed by the leader. Should include list of sub-activities and, for each activity, the associated goal(s), SWF, and M&S.

 

