DUSEL Beamline Working Group Meeting #19
January 5, 2008 – Snake Pit
Summary

Present:  Mike Andrews, Jeff Appel, Dixon Bogert, Sam Childress, Don Cossairt, 
               Nancy Grossman, Dave Harding, Jim Hylen, Vic Kuchler, Chris Laughton, 

               Mike Martens, Rob Plunkett, Gina Rameika, George Velev, 
Guests:   Gary Leonard, Peter Lucas, and Jamieson Olsen
By Video: Bob Wagner from ANL and Mary Bishai from BNL.
By Phone: Milind Diwan from BNL

Absent: Alan Bross, Byron Lundberg, Elaine McCluskey, and Bob Zwaska       .  
              John Corlett and Mike Zisman from LBNL.
Next Mtgs.: Here is the upcoming presentation schedule so far:

  1/12  Underground Access and Safety

              Mike Andrews and/or Chris Laughton

1/19  Holiday (MLK Day)

  1/26  Decay Pipe, Absorber, and Bypass

              Cat James

   2/16 Use of Near Detector in MINOS v_e Appearance Measurement

                Mayly Sanchez 

   2/23 Simulations of DUSEL Target and Horn
               Mary Bishai
Other Possibilities:

           Near Detector Needs for DUSEL

           Reviews and Preparing for Them 

           Integration Issues (e.g., cables, etc.)

           Power Supplies 
Additional Agenda Items for Upcoming Meetings
          Mechanism(s) for getting neutrino 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).  
FNAL-Homestake Beam Design and Physics Flexibility - Mary Bishai (BNL)
While the presentation touched on the NuMI experience, the focus was on the beamline to DUSEL, the physics needs for a variety of beam configurations, and some parameters to optimize for a long-baseline neutrino oscillation experiment. The end of the presentation also discussed using a plug between the two horns to reduce higher-energy neutrino flux, and non-oscillation neutrino physics which would benefit from higher-energy neutrino flux.
Mary characterized her studies as “back-of-the envelope” relative to what will be needed. In particular, detector effects need to be incorporated.

As usual, see the AD documents data base for the presentation slides:
     http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=373
What is recorded here is primarily from discussion during the presentation. 
Mary began focusing on the issues for a long-baseline neutrino oscillation experiment, thinking of a water Cerenkov detector at DUSEL.  For such an experiment, it is important to limit the electron neutrinos in the beam, and especially feed-down to the region of the first and second oscillation maxima from higher energy neutrinos (mainly from the 4 to 5 GeV range). One can do this with a 120 GeV primary proton beam, but one many want to go to lower energy and maximize the power there. Jim Hylen noted that getting to the same power at lower energy means increasing the primary proton flux. This will lead to stronger requirements on the target and/or more frequent replacement of target or target-horn systems – as well as a more powerful proton source.

Mary noted that even today, there is a 5% uncertainty on the delta mass squares: m232 and m132. The slides she showed use a more current value of mass-square differences (2.4 rather than the 2.43 x 10-3 eV2 used by Mark Dierckzsens at the UDiG workshop at Brookhaven recently). The mass differences are the main determinants of the energies of the first and second oscillation maxima. It is at the lower-energy, second maximum where it is hardest to get flux.  The two ways to improve on experiment sensitivity are to increase the flux and/or to improve the signal to background ratio. The bulk of the presentation was on the former issue.
Using particle production inputs that she said were good to better than about the 10% level on relevant neutrino flux estimates, Mary showed that a target fully imbedded in the first horn is the best solution. She also showed the effects of changing the distance between the two NuMI horns. Having about 6 m between the horns seemed optimal, giving the peak of the neutrino-event energy distribution at the first maximum, and optimizing flux at the second. Mary also looked at changing the current in the horns, and comparing to what you could achieve with “perfect focusing”.  Plots were shown for 200, 250, and 300 kA. At 250 kA, the first-maximum flux is about 80% of what you would get with “perfect focusing”, consistent with the anticipated 15% loss from absorption in the metal of the horn itself. The flux at the second maximum energy is about 40% of the “perfect focusing” value.  There is essentially no focusing above 5 GeV. The optimum current in the horns seems to be between 200 and 250 kA. Note that the current NuMI horns are operated at 185 kA, though they have run at 200 kA for extended periods of time.  Running at higher currents may require thicker horns, and correspondingly more hadron absorption and lower neutrino flux per proton.
Mary’s recent optimizations of a 0-degree beam shown at the meeting achieved a 25% increase in the low-energy neutrino flux, with energy distribution similar to that for an off-axis beam.  No sensitivity calculations have been done with the new improved beam with 25% more flux yet. Mary will also look at off-axis neutrino beam solutions, and report at a later meeting. She will also look at plug effects in a DUSEL beam. Some are more concerned with the reduction of flux than with the gain from reduced feed-down from higher-energy neutrinos. But the trade-offs need quantitative study.

In thinking about improving the signal to background, Mary showed results of an old NuMI study by Brett Viren, showing the improvements in (muon) neutrino-flux distributions using a plug of various lengths, materials, and locations downstream of the face of the first horn.  (Note, the horns are 3 m long).  The improvements are in the reduction of the higher energy neutrinos relative to those at the oscillation maxima. It will be useful to redo these studies of the electron-neutrino flux in the beam for DUSEL, and with detectors as proposed for DUSEL (water Cerenkov and liquid argon TPC).

Sensitivity calculations take a long time to generate, so Mary will hold off on new calculations until after the results from the plug simulations are done. Use of a plug  will reduce the flux at the oscillation maxima somewhat.
Finally, in thinking about other neutrino physics, Mary considered tau-neutrino appearance experiments and experiments testing CPT by measuring m232 with both neutrinos and antineutrinos, searching for sterile neutrinos and Lorentz violation.  Such experiments require higher-energy neutrino beams; for tau appearance because of the threshold for creating taus (3.2 GeV).  Mary noted that only a very few tau-neutrino events exist now (DONUT and OPERA).  One can expect 100’s of tau-neutrino charged-current events per 10 kT-MW-year [A number over a thousand events was shown, but that number of expected taus is an upper limit. Among other things, it assumes the same cross-section as for nu_mu charged-current events. However, the nu_tau charged current cross-sections, especially near 3.2 GeV, are lower]. Also, after the meeting, Milind Diwan wrote, saying that
    We will perform more accurate calculations for the tau production under
    various beam scenarios and some studies of how to isolate those events and
    what we can learn from them.  This has been on my list for a long time.
