DUSEL Beamline Working Group Meeting #15
November 10 – Black Hole
Summary

Present:  Mike Andrews, Jeff Appel, Dixon Bogert, Don Cossairt, Nancy Grossman, 

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

               Elaine McCluskey, Gina Rameika, George Velev, and Bob Zwaska
Guests:   Phil Adamson and Kris Anderson
By Video: Bob Wagner from ANL

By Phone:, and Milind Diwan from BNL
Absent: Alan Bross, Sam Childress, Bill Griffing, Byron Lundberg, and Rob Plunkett
             Mary Bishai from BNL

             John Corlett and Mike Zisman from LBNL.
Next Mtgs.: Weekly for a while.  Here’s the upcoming presentation schedule so far:

            November 17:   DOE view  -  Steve Webster   and

                                      Legal/Contract Management – Gary Leonard

            Beam Monitoring ?

            Near Detector and Bypass - Need and Size ?

            Management ?  -  Greg Bock and/or Dixon Bogert


Physics Changes During Project ?

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).  
NuMI Lessons Learned –  Geodesy and Alignment  -  Virgil Bocean
As usual, see the AD documents data base for the presentation slides: 
     http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=363
What is recorded here is primarily from discussion during the presentation.

Virgil Bocean, Senior Geodesist at the Fermilab Alignment and Metrology Group in the Particle Physics Division commented on the lessons learned from NuMI. Key features of Virgil’s presentation were the utility of early and continuing planning and coordination between the project and Alignment and Metrology Group. [Wes Smart was credited with having made this work early and very well for NuMI, both in terms of clear specifications and coordination.] For DUSEL it will be even more important than for NuMI to plan for survey points and viewing positions to limit the radiation exposure of surveyors. It is a key design issue to provide suitable places (platforms) from which to do the surveys, with adequate space to set up safely and with a view of all needed points, both during 
construction and in the final configuration with all the deforming loads in place. On the other hand, the techniques used for NuMI were by-and-large viewed as adequate for the DUSEL beamline effort. Those unfamiliar with the details of survey over long distances around the globe and taking coordinate systems from the surface to underground will probably be surprised by the complexity of these tasks, and the level of professionalism needed and available to deal with the tasks.
The NuMI tolerances, most importantly the absolute angle in space, were driven by the high-energy beam requirements.  Most of the running has been in the low-energy configuration, so meeting the given tolerances has been more than adequate, and are expected to be adequate and achievable for the DUSEL beamline. While the DUSEL site is farther than the Soudan site, the beam sizes also scale with distance so that the angle remains the primary concern. The final alignment and beamline tunes were, and will have to be with the primary proton beam. The results were expected to be good to the level of 10 microradians. However, the best one can say from measurements at the hadron absorber is at the level of 50 microradians.
The presentation provided details of the rather complete relation of NuMI alignment to the National Geodetic Survey (NGS) coordinate system, which is based on some 200 Global Positioning System stations, and has a daily stability of 1-2 mm at the continental level!  The NGS is an office of NOAA, responsible for the geodetic functions in the US. It defines and manages the national coordinate system and the National Spatial Reference System (NSRS) network. Among many other services, they provide free collaboration with a multitude of scientific projects and engineering applications, based on cooperative agreements. The NGS and Fermilab did independent determinations of the surface grid for NuMI. The commercial GPS software used by Fermilab did not have the option of incorporating tidal corrections into the GPS vector processing or geodetic coordinate computations. Therefore Fermilab calculated those corrections, and studied their effect separately. Also, the geodetic computations were performed in separate reference frames: the NGS in ITRF96, and Fermilab in NAD 83. The NGS and Fermilab independent determinations of the surface grid, in spite of the different inputs and standards, agreed to 1-2 cm. [One detail, for example, between the two coordinate models used: NAD 83 is defined so that the North American tectonic plate does not move as a whole relative to it. Relative to the ITRF, even points located on the rigid part of the North American tectonic plate move continuously at rates ranging from 9 to 21 mm/year. For those interested in more detail, the results of this NGS collaboration and the independent determination for NuMI were presented in a joint paper (which Bocean co-authored with the NGS experts) published in the Geophysical Research Letters in December 2000.]
Taking the surface alignment system down into the mine at Soudan was done by a group from the University of Calgary, using a system of three accelerometers and three gyroscopes.  They made six to ten runs down and back to check things, and estimated the uncertainty in the mine to be “at the 20 cm level, certainly better than 50 cm”. The transfer of coordinates was made through the access shaft, which is sloped at about 85 degrees; it is not vertical and there was no line-of-sight available. Results there and at Fermilab depend on approximations made for the geoid, the local gravity grids at both locations.  On the Fermilab site, seven sight risers were requested, three were provided along with access at shafts and (temporarily) ventilation penetrations.  Sight risers have now been commandeered for dehumidification systems, so a confirming survey is no longer possible. At Soudan the atmospheric conditions in the shaft would have precluded a direct survey even if the line of site had been available.

The construction contract specified absolute tolerances on the tunnels, but not how to achieve them. The contractor provided a qualified and experienced team of surveyors to do this, and their work was checked by our team. The contractor was complimented on performance on this. 

The NuMI grid system was tied to that of the Main Injector, one of two “primary” grids on site, since the NuMI project was closer than the alternate Tevatron primary system. The same should be true for a DUSEL beamline from the Main Injector.
It was pointed out that, underground, there is an asymmetry in the uncertainties between longitudinal and transverse directions.  There is not much span transversely to set up or check things.

On the surface, azimuthal coordinates were checked to be within 1 arcsecond (5 microradians), by observations of the Polaris north star on five separate nights. Taking that down to the tunnels was aided by the availability of three vertical shafts. These three shafts were vertical enough for this use, though they were not specified for that in the construction contract. One cannot count on being this lucky. Use of an evacuated pipe would have minimized the effects of temperature gradients and air currents in the shafts, improving the transfer, but was not done.

Had the beam been sent where the alignment numbers suggested, the effects on the near to far experimental measurement ratios would have been just over the 2% specification, some at the level of 2.3 and 2.5 %. Sending the beam where it needed to be in terms of centering in the baffle, target, and horns, reduced these effects to well below the required level.  The beam needed to be aimed slightly west and up relative to the nominal. This may be related to deformation of the target hall. The rebar for the hall was not drilled into the adjacent rock, and the tunnel may be more-or-less free-standing and resting on the rock. The weight of the installed equipment may have pulled the walls in a bit, less so on the east side where the rebar was more tied to the rock. This model of deformation can explain the beam re-steering needed. The apparent misplacement of the beam includes any Beam Position Monitor (BPM) calibration errors that might have been present.
In looking at the slides, one should be aware that uncertainties are often cited at the 95% confidence level, typically 2.45 times a one-sigma level.

Another point to remember is that survey inches are not defined as exactly 2.54 cm as by the scientific community. Over the distances here, effects are sizable.
Some techniques are at the limit of their capability; e.g., use of tooling balls for survey with remote rods (not used) and due to corrosion of tooling balls in the radiation environments relevant here. Also, one needs enough survey points to allow for the fact that large objects cannot be taken as fully rigid. On the other hand, the size of the detectors as DUSEL is anticipated to be even larger than for NuMI experiments.  This will make it somewhat easier to hit them with the beam! 
After the meeting, Milind Diwan pointed out that the Earth moves while the neutrinos are flying. The movement is of the same order as survey accuracy.  In response, Jim Hylen made the following comments:
I remember Wes Smart computing that (earth motion), and the effect of gravity, and some other stuff during NuMI design. Since all those effects were small, I don't think they were documented in a note.  (The required accuracy at the far detector was 167 m).

We had also checked the effect of magnetic field in the decay pipe, and found it small, and did not write it up in a note in the data-base (although I did manage to put the actual magnetic field measurements in there).  This kept coming back up, and calculations were repeated this year because we didn't document it earlier.

As a more stretched out effort, documentation will be even more
important for DUSEL.  How to add some organization to the documentation deserves some thought.

