DUSEL Beamline Working Group Meeting #26
March 16, 2009 – Wilson Hall13X, Fishtank
 Summary

Present:  Mike Andrews, Jeff Appel , Dixon Bogert, Sam Childress, Jim Hylen, 
                Vic Kuchler, Chris Laughton, Mike Martens, Rob Plunkett, George Velev,  

                and Bob Zwaska
Guests:   Phil Adamson, Peter Lucas, and Zarko Pavlovic
Video:   (none)

Phone:   Mary Bishai and Milind Diwan from BNL 
 Absent: Alan Bross, Don Cossairt, Nancy Grossman, Dave Harding, Byron Lundberg,  

               Elaine McCluskey, and Gina Rameika
               Bob Wagner and from ANL 
               John Corlett and Mike Zisman from LBNL.
Next Mtgs.: Here is the upcoming presentation schedule:

  3/23  J-PARC Vist Report 

                Jim Hylen and Sam Childress

3/30  No Meeting
 4/6   Summarizing Lessons Learned from NuMI

Other Possibilities:

           Near Detector Needs for DUSEL

           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).  
Constraints on Hadron Production from the MINOS Near Detector - Zarko Pavlovic
As usual, see the AD documents data base for the presentation slides: 
        http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=387
The slides are only a starting point for the discussions. What is recorded here is primarily from those discussions during the presentation.  
Zarko Pavlovic described how MINOS used data in the Near Detector (ND) to tune the MINOS simulation of the production of hadrons by the primary Main Injector proton beam. The tuning was confirmed by comparison to more recent NA49 data from CERN, which was not used in the tuning. The simulation tuning made critical use of seven different combinations of horn currents and target positions relative to the horns. Before the tuning, the charged current neutrino events differed from the ND data by 20-30%. Two issues arise when thinking about the DUSEL beamline: 1) possible inability to tune the beam simulation with Near Detector data in the same way as is described below and 2) the lowest-energy neutrino events are not used in the MINOS analysis, though these will be important for physics at the second oscillation maximum at DUSEL.
Beyond the normalization of flux due to the spreading out of the beam over the 735 km from the target at Fermilab to the Soudan Mine where the Far Detector is located, the un-oscillated neutrino flux would differ due to differences between the neutrino source being extended in space as seen from the Near Detector which is at 1.04 km downstream of the target (due to the sizeable pion and kaon decay lifetimes), but a point source as seen from the Far Detector, and due to the narrower angular acceptance of the Far Detector. The result is a somewhat narrower neutrino energy distribution at the Far Detector.
The original simulation of the beam used Monte Carlo codes tuned to hadroproduction data with 100 and 400 GeV/c proton beams on thin beryllium and carbon targets, and often without the most relevant lower-energy produced hadrons. The extrapolations to the 120 GeV/c Main Injector beam and pion momenta of most relevance depend on the models in the various Monte Carlo simulations used (GFLUKA, FLUKA01, FLUKA05, MARS), and differ from each other (8% at the energy of the peak of the neutrino flux, and 15% in the high-energy tail) and in their predictions for the NuMI beam. The extrapolation from thin targets to the thick NuMI target is also important, since about 30% of the 5 GeV pions come from re-interactions in the target.
Even after careful monitoring of the beamline, the uncertainties in the neutrino flux reach nearly 10%, dominated by uncertainties in the horn current distribution (possibly too conservatively estimated) and horn current. These uncertainties drop to 2-3% in the Near to Far Detector ratio. Beam hitting the baffle is monitored via the heating of the baffle, leading to a small uncertainty from that.
The primary MINOS running (the so-called low-energy configuration, LE) had the face of the 94-cm-long target 45 cm upstream of the face of the first horn, and used 185 kA current in the horns. The seven configurations used for tuning included zero, 170kA, 185kA, and 200 kA currents, and 45 cm, 135 cm, 185 cm and 285 cm positions of the face of the target upstream of the face of the horn (referred to in the slides as 10 cm, 100 cm, 150 cm, and 250 cm upstream of the most-inserted-possible position). The tuning of the beam simulations depends on the fact that the various position/current configurations emphasize different produced-pion kinematic regions. This allows tuning of the shapes and ratio of pion and kaon production in the target until the Near Detector muon-neutrino charged-current event distributions agreed with the data. The tuning gave weights to the simulated pion and kaon production, typically 20% near the focused peak energy, a factor of two at low transverse momentum and higher energies. It was the final tuned pion production charge ratio which agreed with the later 158 GeV/c proton-on-carbon data from NA49 (and preliminary MIPP data).  While disagreements of MINOS Near Detector data with the FLUKA simulation were as much as 40% before tuning, these were reduced to 8% afterwards. There has been no tuning of the Monte Carlo simulation of the cascade in the thick target.  [Note that for the DUSEL beam, it may not be possible to vary the target to horn separations as was done for NuMI, only the horn current. Thus, it is likely that not all the above tuning could be done for much higher proton-on-target power experiments!] 
The bottom line is that the remaining uncertainties due to the beam on the major physics results from MINOS are small, given the use of the tuned beam simulation using the Near Detector.

As a further check, but one that does not relate so directly to neutrino flux that matters for the MINOS physics results, Zarko showed the MiniBooNE-detector reconstructed neutrino energy spectrum for events seen off-axis (110 mrad) from the NuMI target. The signal and background spectra agree with the NuMI predictions. These neutrinos and others from shielding are not constrained, and MINOS used a low-energy cut on neutrino energy in its analysis of off-axis data from the MiniBooNE target.  In the on-axis case with the NuMI target, the neutrino component coming from parents created in downstream shielding is relatively small compared to those coming from target in the energy region of interest to MINOS. Also, the MINOS detectors are not sensitive to the very low energy neutrinos where this component is significant.

Finally, at the end, Zarko noted that the Near Detector tuning constrains only the hadrons from the target, and that there is a larger error (after the above tuning) from the neutrinos produced in the downstream shielding, especially the absorber. This could be an important feature for a DUSEL experiment which needs to see events at the first and second oscillation maxima.  Also, MINOS is still working on the effects associated with using helium in the decay pipe – which has turned out not to be trivial, especially for the higher-energy neutrinos.
