MINOS Plane Workstation Checkout Procedures

Version 2.0

August 13, 2001

The following steps outline the procedure for checking out an assembled plane for the MINOS far detector at one of the workstations in the Soudan Underground Laboratory.  A Quality Control Checklist  (QCC) is filled out for each plane.  Items marked with an asterisk (*) indicate a step to be recorded and initialed on the QCC.  Some steps may refer to other procedures.  No worker (physicist or minecrew) is to undertake a plane assembly task for which he/she is not appropriately trained or otherwise qualified.  At the completion of this procedure, the assembled plane is checked out and ready to be raised and mounted according to the MINOS Plane Lifting Procedures.

Survey of Module Positions
Survey tasks are done by shift physicists who have been trained in the use of the Vulcan Spatial Measurement System.  

1. Turn the Vulcan laser transmitters (located on wall brackets between the workstations) on.

2. Perform QC checks on Vulcan system using data file of pre-measured points. These are marked by the Fermilab surveyors’ symbols on the floor.  

a. Coordinate Location:  Enter 4 of these to establish the reference frame and take measurements one or two others, comparing with the surveyed coordinates.*

b. Set the Scale:  Use the “distance” feature of the Vulcan with a pair of surveyors points to establish a scale, comparing with the surveyed distance.*

3. Collect position data of module alignment holes (16) and edge lugs (8) with the Vulcan.  The alignment holes must be the same ones used as mapping references.  Make a visual inspection of  the module spacing while collecting data.

4. Make sure all data have been collected.

a. Compare number of data points stored in collector with number on QC sheet.  There should be 24 points in the data set.*

b. Check map feature on data collector and ensure data point distribution is correct.*

5. Download data from flash card to PC for further analysis.  The workstation area fitting program must indicate that data are properly collected and give a reasonable fit before the plane is raised.*

6. Turn the Vulcan laser transmitters off.

Module Transmission Tests

This test is to insure that the modules have been cabled correctly and that there are no new sources of light transmission loss in the system due to poorly mounted fiber cables, dirt or RTV at the connector interface, etc.  This test will be performed by shift physicists trained in using the hardware and software developed at IU for the transmission testing of the clear fiber cables.  It will be helpful to have two people working on this test together to reduce the time spent walking around the detector plane to make the various connections of the fiber cables.

7. Begin this transmission test by launching the AFTS application on the PC in the module mounting work area.  This will bring up a user interface that will allow you to enter the necessary information required to store the results of these tests for later access.  We will test the transmission of the modules beginning with the lowest module(#1) on each plane and work our way upward on the plane to the highest module(#8).

8. Begin the setup for the testing by connecting the Source light (LED DC) to the East/West end of the clear fiber cables and the Light Sensor to the opposite side clear fiber cables for the module being tested West/East.  Enter the module information into the AFTS program, giving the plane number and the module being tested, eg. P1M1 for plane 1 module 1.  Next enter the serial number of the plane using the same designation.  Lastly, enter the length of the cable as 10 m and the number of fibers in the cable (either 20 or 28 depending on the module type).  For these tests we consider tests made with the sensor on the West side as MUX side measurements and test made with the sensor on the East side of the modules as MOD side measurements.  Check the appropriate configuration and then click on START the measurement.  The AFTS program will scan through the fibers and record the light levels transmitted along the fiber/module combination and store them for further analysis.  After you have measured the transmission with the sensor and source in on configuration, exchange positions, indicate the new configuration on the AFTS window and measure the transmission in the other direction.  It is possible to measure the transmission from EAST to WEST on all modules in a plane first and then switch measuring WEST to EAST by entering the appropriate module information when making the second transmission measurement.

9. Review the results of these transmission tests looking for differences from fiber to fiber across the module connector.  Normally these should be within a few (2-5%) of one another unless there are problems with particular strips.  Compare the results for each module with the mapper data looking for any changes in the module transmission during mounting on the steel plane.  By using the clear fiber attenuation for the module, the transmission at the module connectors(87.5% each) and the transmission along the module measured from the mapper, we can predict the value of the transmission measurement.  The measurement and the prediction should be within ( 20% of one another.

10. Check transmission test software results graphically and verify that they are saved on the local hard drive.

Light Injection Test

This test is designed to ensure that the LI fibers are inserted properly and have not been damaged during the installation process.  It will also ensure that the Light Injection Modules are in working order. This test is to be performed after the Light Injection fibers have been inserted into all of the LI ports on a given plane and the region around the fibers has been light sealed using Black RTV.   It will be helpful to have two shift workers on this task.  One should prepare the connections while the other runs the program.  NOTE for the time being, since the LI fibers have not yet arrived at the mine, we will cover these LI ports with gasket material and tape and skip these tests until the fibers are available.

11. Take one module cable end and connect it to the sensor module used in the transmission test and wrap the other end in black plastic.  

12. Connect the LED light source to the light injection cable bundle for the plane of modules being tested and make sure that the LEDs are powered.

13. Setup the transmission test software as in the preceding section this time naming the module being tested as P1M1LI for plane 1 module 1 Light Injection test.  Again we will perform this test in two steps, first injecting light into the LIMs on the East side of the plane and then on the West side of the plane to test both LIMs on the module.

14. Review the results of these measurements looking for deviations from a uniform response of the groups of 8(10) fibers to the LED injected light.  Normally each fiber should “see” the same amount of injected light, but variations can arise due to glue spreading beyond its nominal application zone(outer fibers will tend to be lower than inner fibers in the grouping) or due to other failures during installation of the LIMs in the modules.  The range of variations between fibers in a grouping should be no more than a factor of two between highest and lowest light levels.

15. Check test software results graphically and verify that they are saved on the local hard drive.

Light Leak Check

Use the MUX box mounted in the rack in the plane assembly area to read out one end of a module at a time.  The outputs from the 24 pixels of M16 connected to the module are connected to a set of discriminators and level translators.   These signals are connected to a set of counter/timer inputs on the workstation PC to be viewed by a “visual rate meter” similar to that used in checking for light leaks on the mapper.  We also sum these signals and connect this output to the input of an “audio rate meter.” In addition, we also sum the dynode outputs from these two tubes and amplify and invert them to view on a scope during the light leak checking process.   The light leak checking process requires that one side of the module’s clear fiber cables be connected to connector  #9 on the MUX box and the other end is covered with a special blackout connector.  Once the module has been connected and the opposite fiber cable connector has been covered, you may begin testing.  You will repeat this process for each module in the plane.

16. Connect the fiber cable to the MUX box and opposite end to a blackout connector. 

17. At this point the HV can be turned on to the 2 M16s in the MUX box.  Turn up the HV slowly (100 V steps) while looking at the summed dynode signal on a scope and listening to the output of the audible rate meter.  The rate meter should be fairly quiet until you get to 850 volts and then it begins to click slowly and the dynode signal starts to be visible above the noise on the scope.  At 950 V, the operating voltage for the light leak testing, the total rate on the audible rate meter is from 2000-6000 Hz when the module has been light sealed.  Usually it will start off higher than this as 1) the M16 stabilizes and 2) light leaks are sealed.  It typically takes about 10-15 minutes for the M16 to reach a stable noise rate in the test stand.  You can begin making light leak measurements on the module being studied as soon as the voltage is on, but you must remember not to take final noise measurement until the M16 has HV stabilized for at least 15 minutes.

18. Using the special fluorescent drop light, scan this light over both manifold ends of the module.  NOTE:  The check light is not to be used as a work light.

19. Lay foam pads on an adjacent module to avoid damaging it while checking the bypass.  Walking only on the foam pads, scan the check light over the bypass area.

20. When you have determined that you have sealed all light leaks, then using the visual scaler, record the noise counts for the module under test.  Note: that due to the radioactivity levels of the concrete in the workstation area the nominal noise rates in the modules will be quite substantial.  Based on Keith Ruddick’s NuMI Note L-313, we have estimated that the noise rates above 1 pe will be as follows:

Type A modules:
~3500 Hz

Type B modules:
~5300 Hz

Type C/E modules:
~4300 Hz

Type D/F modules:
~4200 Hz

If you find that a module being tested has noise rates significantly higher than these continue looking for the light leak.

21. Attempt to repair light leaks either with black RTV or black electrical tape covered with Aluminum tape.  Recheck the repaired area with the check light.  Note regions where light leaks were repaired in comments section of the QC report.

