DUSEL Beamline Working Group Meeting #10
September 29 – Snake Pit

Summary
(REVISED)

Present:  Mike Andrews, Jeff Appel, Sam Childress, Don Cossairt, Dave Harding, 
               Jim Hylen, Chris Laughton, Mike Martens, Rob Plunkett, Gina Rameika,
               and George Velev.
Guests:   Mike Gerardi, Tom Lackowski, and Pat Hurh.
By Phones:, Mary Bishai, Milind Diwan, Steve Kahn, and others at BNL, and 
                    Mike Zisman at LBNL.
Absent: Alan Bross, Dixon Bogert, Bill Griffing, Nancy Grossman, Vic Kuchler, 

             Byron Lundberg, Elaine McCluskey, and Bob Zwaska.
             Bob Wagner from ANL, and John Corlett at LBNL.
Next Mtg.: Weekly for a while.  Here’s the upcoming presentation schedule so far:

            October 13:      Public liaison - Judy Jackson
            October 20:      Radiology - Byron Lundberg

            October 27:      Tritium mitigation - Rob Plunkett

            November 3:    NuMI Magnets - Dave Harding                                         
                                       NOTE: PAC MEETS THIS DAY

            November 10:  Geodesy and Alignment - Virgil Bocean 
            DOE view ?

               Ron Lutha and/or Steve Webster 

            Management ?

              Greg Bock and/or Dixon Bogert

Additional Agenda Items for Upcoming Meetings
          Mechanism(s) for getting community input/buy-in on a set of beam parameters                      

          Measurements related to the causes of corrosion in the NuMI tunnels

Action Items 
           Think about how to specify measurements related to the causes of corrosion in the    

                  NuMI tunnels.  

           Find out what reports might exist at J-PARC on this topic (Jim).  

NuMI Lessons Learned –  Extraction/primary beam and systems integration 

               - Sam Childress

As usual, see the AD documents data base for the presentation slides: 
     http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=353
Some comments, not all in the slides follow:

The topics of Sam’s presentation correspond to two of the Work Breakdown Structure (WBS).  The System Integration was a late addition to the WBS, but a necessary one.

One of the themes that recurred during the presentation was the need to be flexible as some of the basic specifications of the NuMI beam changed during the course of the project; e.g., going from “pinged” resonant extraction to single-turn extraction, and realization that one could not live with so long a drift space in the beam as imagined in the original conceptual design.  The fundamental specification for “a 120 GeV 400 kW beam extraction, transport and targeting system subject to added requirements for very low beam loss” was never changed.  The changes which were made to the original project baseline design plans were needed to enable meeting this specification.

A “Tom Collins insert” was needed to get the beam through the carrier tunnel, and fortunately, the tunnel was large enough to this to be added to the design.  Had there been only a beam tube there, this would not have been possible.[One experiment, COSMOS E-803, was withdrawn from the program when the spill design was switched to single-turn.] 
Currently, the MINOS experiment “loves” the fast spill – due to its ability to use the beam timing for a fast trigger and the use it forced of the fast electronics for the near detector, electronics (ASICs) that had be previously developed for the Tevatron Collider experiments and the KTeV experiment.  With more beam in the DUSEL project, clearly single-turn extraction is a must to achieve the nearly loss-less extraction it allows compared to resonant extraction.  The beamline acceptance (500 pi mm mr) guarantees that anything that gets through the Main Injector (beam of about 20 pi mm mr) will get through the NuMI beam. MI dynamic aperture acceptance is 500 pi; we then made NuMI extraction and transport apertures greater than this. The actual 95% beam emittance is about 20 pi.  The figure I used to show apertures vs 500 pi contours was not very clearly labeled. A change was made for the subsequent submitted to data base file.
As with other systems at NuMI, the budget was tight from the start, and there were plans to reuse instrumentation, for example, which did not pan out as the specification of the NuMI beam changed during the course of the project. Not due to a beam specifications change – the project baseline choice to reuse TeV fixed target beam-line instrumentation was just not viable. Some examples:  TeV FT BPM’s were designed for a 20 second extended beam spill & hence 7 orders of magnitude smaller per bunch intensity than for NuMI [Here, the NuMI BPM measurements are much easier, but both detector pickups and electronics are very different]. TeV FT profile monitors interacted a few x10-4 of the beam [we needed ~2 orders of magnitude less material], and used materials for a vacuum system of 10-4 Torr [not suitable for an ion pump system due to internal gas loads]
Reuse of beam line dipoles and quadrupoles from the old Fermilab fixed target beam lines saved NuMI a lot of money.

Sam noted that the beam permit system had been extremely effective from the very start.  It has over 250 inputs, all of which must be present when there is a strobe 1 ms before extraction.  In only 5 pulses out of 24 million has the permit system failed to prevent extraction of bad beam (greater than a 1% difference between toroid-measurements of beam flux upstream and downstream).  The main cause of these bad pulses was the failure (trips) of MI rf just before extraction.
Machine vacuum continues all the way to a Be window at the downstream end of the line inside the target pile.  Metal seals are used throughout, and ion pumps maintain the vacuum.

Profile monitors, too thick for use in normal operations, were crucial for the initial low-intensity commissioning of the beam line. The beam commissioning went very efficiently, with only very few pulses needed for the initial low-intensity commissioning.  Subsequent high-intensity commissioning was similarly very efficient.  The CD-4 goals for beam commissioning were met on the run of January 21-23, 2005, well before achieving the CD-4 goals for the full NuMI project (March, 2005). One corrector magnet was found to have the wrong polarity in the control software.  This was found on the first test pulse.  One additional problem, incorrect scaling of the field of one quadrupole, was more subtle, and not fixed until March of 2005.  The smooth commissioning was attributed to having all the experts present for the 12 hours per day of running and having had “lots of instrumentation” and also very extensive pre-beam check-out efforts .
There is an “auto-tune” system which works on the 2nd, 3rd, and 4th Booster batches of each extracted pulse.  However, no changes are made unless profiles are off by 125 micrometers.

Sam said that the techniques used for NuMI were “well suited” for the DUSEL beamline.  However, 

       It will be required to be more robust against bad individual pulses.
       Even starting at 700 KW will require cycle-time upgrades.
       The quadrupole magnets will have to be more robust, and

       One may want to monitor power supply levels to 10-4, rather than the current 10-2 

               level used now (this is thought to be possible with more modern supplies).

               An added control card pack is required for each large power supply, but using                 

              the existing supplies. The cost is ~ $10k for each major supply, hence quite                  

              modest.

       Extraction loss is small enough (less than 10-6 in the beam channel), with most

               losses kept to the 8 GeV energy.
       Large acceptance is key, and may have to be larger for DUSEL (NuMI beams were 

               fat for the first year – due to Booster rf problems). Eliminating the existing 

               carrier-tunnel drift region with a new DUSEL transport should be planned.
Sam urged that people not be lulled into thinking that beamline design is easy because they are seemingly familiar.  If you recognize that the requirements are hard to achieve, you may attend to the design appropriately.  Note that the beam requirements affect civil construction; e.g., ability to maintain a FODO lattice for the full length of the beamline.  Sam identified four key elements needed:

       Robust, open aperture optics – with beam tails addressed

       Solid protection system – don’t give a beam permit unless you know beam will be 

                good

       Beam stability – including auto-tune capability, with check of data quality before 

                tuning

       Stable power supplies – including regulation and correct return to values after having 

                been off

