The hydrogen absorber R & D is being conducted by ICAR institutions (NIU, IIT and UIUC), the University of Mississippi and Oxford University in cooperation with Fermilab. Osaka University and KEK are developing an absorber based on convection principles at KEK, and plan to test their prototype with liquid hydrogen at Fermilab. The first two years of the proposed FNAL Linac test beam program will be driven largely by LH2 absorber testing, instrumentation and integration with other cooling channel components.


[image: image1.wmf]Cooling is based on the principle that the density of a beam can be increased only by non-conservative interactions such as ionization loss, as phase space is otherwise conserved by Liouville’s Theorem. The approximate differential equation for the transverse beam emittance n  through matter is:
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                                                                     where s is the path length, E is the beam energy in GeV,  = v/c, LR is the radiation length of the absorber material and  is the betatron function describing the size of the beam. The second term describes beam “heating” and is minimized when absorbers are placed in a strong focusing field (low ) and consist of material of a low atomic number (high LR), the optimal choice being hydrogen.

These physical principles define the following issues that drive the absorber design and tests: 1) the large amount of heat that needs to be extracted from high intensity beams 2) the desire to minimize beam “heating” from multiple scattering and 3) the densely-packed and high radiation environment in which absorbers will be operating in a real cooling channel. Additionally, the combustive nature of hydrogen requires special safety considerations that will drive a large part of the engineering and design, and will require extensive reviews to ensure that the system is sufficiently robust and failsafe. 

Since cooling channel designs have not yet been finalized, and most likely more than one type of absorber will be used, the absorber R & D has been factorized as much as possible to address the above concerns independent of any one set of parameters. Minimizing the multiple scattering has lead to a novel window design that takes advantage of the relative “flatness” and compactness of a torispherical window, with tapered thickness near the “knuckle” for additional strength. This non-standard design is being simulated for various window radii and minimum thicknesses by a finite element analysis (FEA) to predict behavior under pressure and all the way to rupture. Pressure and rupture tests are being conducted at NIU to confirm the design and FEA predictions, and to establish quality control and performance standards as required by FNAL safety reviews.

Hydrogen targets have been successfully designed for high intensity beam experiments for heat extraction up to 700 W  (cit. Sample target, SLAC E158), but for the proposed cooling channels, absorbers will operating up against RF cavities, most likely inside a magnetic field, and where the dark current radiation from RF cavities could be a challenge, and where accessibility is limited. Two designs are being considered to remove ionization (and radiation) heat deposition quickly and uniformly to avoid boiling (and hence, unacceptable density fluctuations). One involves heat exchange outside the absorber manifold where the heated hydrogen will be circulated by transverse flow; sufficient turbulence within the window volumes will generated by nozzles designed to avoid “dead” zones where heat concentration could cause boiling. The other design relies on natural convection generated by heat deposition, where the heat exchange will occur inside the absorber manifold. In both cases the refrigeration will be from standard helium refrigerators. Both external (“forced-flow”) and internal (convection) heat exchange absorber designs present substantial technical challenges and pose performance questions that are difficult to simulate. Warm water flow tests are being designed for both types to be performed at NIU to observe the gross turbulence patterns and to look for possible “dead” zones in the absorber, particularly in the window volumes. The cryogenic operation will be monitored by temperature probes inside the manifold, the exact placement of which will be determined by flow tests and flow simulations. The control systems for the refrigeration and monitoring of the hydrogen system will be developed and implemented with the FNAL cryogenics group.

The current schedule for cryogenic operation is for late in 2002. One or more absorber prototypes (depending on the current cooling channel design priority and funding) will be filled with hydrogen, and the system run standalone to establish the the necessary controls and instrumentation. A full cryogenics test with a 11 cm radius absorber inside of the current FNAL Lab G magnet will take place before the beam turns on.  The first extraction of Linac beam to the area is planned for mid 2003, and after a month or two of tuning and studies, coordinated with the Tevatron schedule, the first beam test with an absorber should occur in late 2003. The goal by 2004 is to have at least two absorbers, a MICE prototype, and a neutrino factory cooling channel (“Study II”) prototype, commissioned and operating with the full 1014 protons/s Linac beam. The Linac test program consists of multiple studies, including a complete cooling cell test, beam instrumentation tests, and other R & D programs involving alternative technologies for cooling channel operation. The scope of the program will ultimately be determined by what is established or ruled out by earlier tests, and the available budget for the accelerator R & D programs. Though the first two years of the beam tests will be focused primarily on hydrogen absorbers, the program will continue with integrated cooling cell tests and instrumentation development, most likely in tandem with a cooling experiment.

A successful design of a cooling channel can only be determined by a thorough test of its components in an environment that is as challenging as that of a full intensity muon collider or neutrino factory beam. Additionally, instrumentation and detectors must be developed that can measure beam parameters with enough precision to demonstrate that cooling has occurred. To that end, the high-powered tests done at FNAL with protons, and a definitive measurement of cooling with a lower intensity muon beam will provide necessary and complementary information that will drive a final cooling channel design. In particular, it is impossible to anticipate all the issues that can possibly arise by placing hydrogen absorbers in environments where no one has attempted to run them before, and their design absolutely needs to be informed by timely results of both the proton tests at FNAL and a muon cooling experiment.
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