DUSEL Beamline Working Group Meeting #23

February 23, 2009 – Snake Pit

Summary

Present:  Mike Andrews, Jeff Appel, Mary Bishai, Dixon Bogert, Nancy Grossman, 

               Dave Harding, Jim Hylen, Vic Kuchler, Chris Laughton, Mike Martens, 

               Rob Plunkett, George Velev, and Bob Zwaska

Guests:   Phil Adamson, Pat Hurh, Gary Leonard, and Peter Lucas

Video:  Bob Wagner and Mayly Sanchez from ANL

Phone: Gina Rameika and Byron Lundberg

            Milind Diwan from BNL 

Absent: Alan Bross, Sam Childress, Don Cossairt, and Elaine McCluskey

             John Corlett and Mike Zisman from LBNL.

Next Mtgs.: Here is the upcoming presentation schedule:

   3/2   Use of Near Detector in MINOS v_e Appearance Measurement

                Mayly Sanchez

   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).  

DUSEL Beamline Design: A Tale of Tails - Mary Bishai 

As usual, see the AD documents data base for the presentation slides:

        http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=382

The slides are only a starting point for the discussions. What is recorded here is primarily from those discussions during the presentation.  See also the linked document on beam plugs and the hadron hose by Brett Viren.

Mary Bishai presented a talk on the sources of background for an oscillation experiment in the DUSEL era, looking at the NuMI/MINOS experience. Her third slide shows a spectrum of neutrino and antineutrino beam events from a preliminary DUSEL beam design as seen in a water Cerenkov detector MC with signal and backgrounds separately identified.  [The plot does not show the 10% uncertainty in the backgrounds (the effect of which was included in later plots), and the signal points and errors do not include the scatter one would have due to statistical fluctuations.] 

The charged-current (CC) signal events have backgrounds due to a combination of neutral-current (NC) interactions from higher energy neutrinos (mostly muon neutrinos, with some tau neutrinos from oscillation) and from real CC events due to electron-neutrinos in the beam. The NC backgrounds are dominant in the regions of the first and second oscillation maximum signal in a water Cerenkov detector. [About half the NC-background events in MINOS come from the “tails” of the higher energy neutrinos. See the presentation by Mayly Sanchez on March 2, 2009.] These NC background events come from somewhat higher energy neutrinos (mostly 5-15 GeV), but show up at the 0.8 and 2.4 GeV neutrino energy of the signal events. This is why they are called “tails” being mostly from high energy neutrinos that are not in the focusing peak of the neutrino spectrum (the spectrum peaks at 2.4 GeV). The focus of the talk was on methods of reducing the number of higher energy neutrinos in the beam to reduce the backgrounds due to them.  

CP violation (CPV) may be the most important, certainly unique, capability of an oscillation experiment at DUSEL. So, the CPV sensitivity is an important figure of merit. Reducing the NC background is equivalent to doubling the antineutrino running time for a given size water Cerenkov detector. It is CPV that drives the interest in the second maximum where the oscillation amplitudes are different compared to the first maximum for different values of Delta_cp, the CPV phase.  The precision on the sign of the difference in the squares of masses (mass hierarchy) and on the angle theta_13 come primarily from the oscillation at the first maximum which is where there are the most oscillated neutrinos.

Predicting the produced neutrino flux makes use of the FLUKA05 simulation package (Monte Carlo, MC) to simulate hadroproduction on the target (graphite for MINOS, carbon-composite for DUSEL in Mary’s studies).  The NuMI GEANT 3.21 based software framework (GNUMI) is used to simulate the transportation and focusing of the hadrons produced in the target.  Secondary interactions of the primary hadrons in the beamline are simulated using GFLUKA. The GloBeS package is used to implement a parameterized detector simulation based on the SuperKamiokande detectors GEANT MC (which is well matched to SuperK data). Un-tuned, the GNUMI/FLUKA05 simulation was found to underestimate the spectrum of neutrinos in the high-energy tails (> 7 GeV) in the MINOS near detector by as much as 25%.  

Using the un-tuned GNUMI/FLUKA05 MC, Mary is redoing some of the studies done by Brett Viren to understand the source of neutrinos, in particular the dependence on positioning of the two horns in the beam line and on the efficacy of an on-axis plug to reduce the high-energy tail. Pions focused by both horn 1 and 2 are the primary source of the 2-5 GeV neutrinos of interest for the oscillation signal. Those pions over-focused in Horn 1, and refocused in Horn 2 contribute greatly as a source of neutrinos of about 1 GeV.  One can get two to three times more neutrinos at the second oscillation maximum by putting the target into Horn 1 (starting at the upstream face), and moving the horns closer together than they are in the NuMI beamline. These modifications of the targeting/focusing also produce a muon neutrino spectrum that peaks at 2.4 GeV where the first muon-neutrino to electron-neutrino oscillation maximum occurs. These studies were done with a target described in


        http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=373

The target in this study is a carbon-composite cylinder with radius 6mm, length 80cm and density 2.1 g/cm3.  The NuMI target which currently operates at around 270kW average beam power has a rectangular cross-section which is 6.4mm wide, 22mm high and 94 cm long. There is a question of how tenable a 12mm diameter target is for a DUSEL beam due to the high deposited-energy density from a 1-2 MW beam (average power).  After the meeting, Jim Hylen wrote:

The 6 mm radius is getting into a reasonable range. There will be other material outside that radius for containment and cooling.  For comparison, Torben's current study is with a 9 mm radius target; IHEP's version was 7.5 mm radius, and the current NuMI target is 3.2 mm half-fin-width.

In 2001, Brett Viren (following up on studies at IHEP) found that a 1.5 cm radius graphite target placed on axis between the 2 horns reduced the high energy tails in NuMI low-energy-configuration beam by > 30 %. Mary is repeating this study with a more current simulation.  She gets similar reductions in neutrino flux except at the highest, and least relevant, neutrino energies. This work is ongoing. At this stage, Mary finds that the antineutrino beam below 3 GeV is increased by 10% (in this region of the neutrino spectrum the antineutrino contamination is around 5 %) while the number of electron neutrinos and antineutrinos increase by 6% (of a half percent effect in the peak region). So these contaminations, which are small to begin with, would not prevent one from adding an on-axis plug to the beam design.

Jim Hylen asked about the systematic uncertainties associated with using such a plug. In particular, how will the beam estimates at the near and far detectors be affected. Remember that the plug is also a source of neutrinos. Jeff Appel asked if a test with a plug in the NuMI beam would be useful.  Jim replied that it would, but did not think that the $1M cost and three month downtime for just allowing such a test would be acceptable.

Mary commented that there will be no factor of two gains. However, there may be several improvement factors of 1.1 or 1.2. For example, use of 90-100 GeV proton beam with a plug between horns could be near optimal. However, there are issues of maintaining the power level at lower primary energies (due to magnet ramp overheads) and of the greater radiation damage (with the implicit greater down-time for repairs) from the increased beam on target needed to maintain the power level at lower incident energy. 

One idea which was mentioned was having a short flat-top on the magnet cycle, with two pinged extracted beams per cycle. This could help alleviate some of the instantaneous beam heating in the target and horns.

Byron Lundberg is working on some of the same beam issues.  He wrote:

I am engaged in a more-or-less parallel effort with Mary, attempting a zeroth-pass at beam optimization. This includes modeling target, horns and decay region. I use MARS as my simulation tool. But the absolute flux is irrelevant, as I am concerned with optimizing ratios (e.g. FD flux ratio per neutrino energy bin, or flux with 60 GeV protons vs 120 GeV).


The main focus at this time is NOT the details in the design. It is to find a reasonably good, plausible (or at least adequate) design as baseline for a CD-1 document.

I will finish a note and post it sometime in the next month.

As Mary noted in the meeting, the issues discussed here are too important to depend on a single study. All the elements need parallel study, and are probably best if done with independent programs, too [ed.].

