DUSEL Beamline Working Group Meeting #24
March 2, 2009 – Snake Pit
Summary

Present:  Mike Andrews, Jeff Appel , Dixon Bogert, Sam Childress, Dave Harding, 
               Jim Hylen, Chris Laughton, Mike Martens, Rob Plunkett, Mayly Sanchez (ANL), 

               George Velev, and Bob Zwaska
Guests:   Phil Adamson, Zarko Pavlovic
Video:  Bob Wagner and from ANL

Phone:  Mary Bishai from BNL 

Absent: Alan Bross, Don Cossairt, Nancy Grossman, Vic Kuchler, Byron Lundberg, 
             Elaine McCluskey , and Gina Rameika
             Milind Diwan from BNL 

             John Corlett and Mike Zisman from LBNL.
Next Mtgs.: Here is the upcoming presentation schedule:

   3/9  Oversight and Reviews and Preparing for Them
                Dean Hoffer
  3/16  NuMI Near Detector Uses and Lessons Learned

                Zarko Pavlovic
  3/23  J-PARC Vist Report 

                Jim Hylen and Sam Childress

  3/30  No Meeting

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).  
Use of Near Detector in MINOS v_e Appearance Measurement - Mayly Sanchez

As usual, see the AD documents data base for the presentation slides: 
        http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=383
The slides are only a starting point for the discussions. What is recorded here is primarily from those discussions during the presentation.  
Mayly’s recommendations from the MINOS experience focused on the utility of having the same technology for the Near and Far Detectors, something which may not be optimal, or even possible for a DUSEL experiment.  Also, some of the experience from MINOS with its iron-scintillator detectors may not be directly relevant for a first-generation water Cerenkov detector at DUSEL. Nevertheless, the issues relevant to extrapolating from a near to a far detector are relevant, and there are lessons about what issues are important.
The Near Detector at MINOS is used for 1) relative calibration, 2) determining initial beam composition, and 3) establishing the signal from neutrinos before they oscillate on their way to the Far Detector at the Soudan Mine in Minnesota. 

The uncertainties in the electron-neutrino appearance measurement from energy scales are 3.1% from the Near Detector, 2.3% from the Far Detector, and 3.8% in the Near-to-Far-Detector extrapolation. It was not noted at the meeting, but it appears that there are no common significant errors which cancel in the Near-to-Far-Detector extrapolation, since the extrapolation error is the quadrature sum of the two separate errors.

After tuning the FLUKA05 beam model, the low energy (LE) neutrino beam simulation used for the MINOS physics agreed with data within 5% (better than the higher energy modes). Before tuning, the beam simulation discrepancies with the data were as much as 40%!  Zarko Pavlovic will discuss this in detail at a meeting in two weeks. 
The electron-neutrino contamination in the (muon neutrino) beam is small, about 1.3% at the energies of interest. The source is mostly muon decay in the beam line, and is constrained by the muon-neutrino charged-current events in the Near Detector. The remaining uncertainties in this contamination are 9% at the Near Detector, and 13% at the Far Detector. For this, it is important that the two detectors sit in the same beamline (same angle and same detector orientation in the same beamline).

The signal for the electron-neutrino appearance measurement is electron charged-current events. There are three dominant background sources in the electron-neutrino appearance experiment: neutral-current events, misidentified muon-neutrino charged-current events, and beam electron neutrinos.  The three backgrounds extrapolate differently to the Far Detector. At the Far Detector, one has to consider a very small number of events from tau-neutrinos coming from muon-neutrino oscillations on the way to the Far Detector. Also, one must consider oscillations in the charged-current backgrounds when extrapolating from the Near to the Far Detector.  Neutral-current events, independent of source, should be the same independent of neutrino flavor.
The simulations underestimate the electron-neutrino events by 9% and 13% in the Near and Far Detector, respectively (see backup slide #32). This is after the simulation is tuned to the sparse existing bubble chamber data.  One must further tune with data from the current experiment. Two methods are used to do this: 1) removing muons from charged-current data and 2) comparison of data with the horns on and off. In the first method, where shower modeling is critical, the simulation corrections were 16.6% and 13.8% in the electron-neutrino-selected data and muon-removed data, respectively. Mayly referred to this as using experiment data “creatively”. Note that this first method will not work well in a water Cerenkov detector since one cannot simply “take out the Cerenkov rings” for electrons and muons in charged-current events. Horn-off data are dominated by neutral-current events, and drive that part of the background analysis. Corrections to the neutral-current simulations are 28% and 29% for horn off and on, respectively. The fact that the materials and structure of the Near and Far Detector are the same, is critical in these comparisons since the results are so dependent on the hadronization and appearance of the showers in the detectors. [The same material is required for both methods. However, in the horn on/off method, the hadronization does cancel out. What is more important is that the same thing is measured in both detectors. ]

The Far-Detector backgrounds are scaled to the Near-Detector spectra using a Far Detector over Near Detector ratio from Monte Carlo simulation. The ratio provides the corrections for resolution smearing and acceptance. For MINOS, there are differences in the two detectors due to 1) beam live time, geometry, and oscillations, 2) crosstalk in the readout-patterns (not well modeled in the simulations), 3) photomultiplier segmentation (64 vs 16 channel at the Near and Far Detectors, respectively), 4) instantaneous rates (a 1% effect due to rate implications from 8 events per 10 microsecond spill at the Near Detector vs 1 event per day at the Far Detector), and 5) energy calibrations. Again, the DUSEL experiment was urged to make the Near and Far Detectors as similar as possible. Many of the effects would be bigger in a water Cerenkov detector, even if the near detector could be of the same type as the far detector. Note that there is an argument for the 2 km “almost-near” detector at the T2k experiment from these considerations. A 2-km detector for DUSEL would be at a very great depth (additional ~ 600 ft) due to the ~six degree down-angle from Fermilab to Homestake (~10% grade).  Aside from taking such a detector off site, there are also issues of getting into the fractured Galena-Plattville stratum.
The shorter decay pipe anticipated for the DUSEL beamline (perhaps 300 meters) will have significant implications of size, rate, and optimal technology for the Near Detector. The systematic errors resulting from the details of the Near Detector will change with technology, and will need serious study. For example, the crosstalk at MINOS led to using only PMT signals greater than 2 photon-electrons in the analysis.  Better pixelation may be needed for a DUSEL near detector. The current MINOS analysis for electron-neutrino appearance has a statistical error of 19%, with only 6.4% systematic error coming from the Near-to-Far-Detector extrapolation.  The low systematic error is largely due to the similarities between the two detectors. The electron-neutrino-appearance measurement would be impossible if that were not the case.

Mayly called for near/far detector goals including same detector A, Z, and density, similar rates (very hard!), and photodetectors. 
