NuMI Muon Monitor data sets to compare to Monte Carlo
[bookmark: _GoBack]Jim Hylen
12/8/2017
There is motivation to do Monte Carlo simulation of the response of the NuMI Muon Chambers to various beam problems to (i) determine sensitivity (ii) relate patterns of change in the monitors to certain possible problems to help identify what a real deviation in muon monitor data may indicate.
There are some special runs where we made deliberate changes to the beam configuration.  These can be used as a cross-check and possible calibration of the muon monitor response in the Monte Carlo.

I. Change from normal neutrino-mode focusing (Forward Horn Current FHC) to anti-neutrino-mode (Reverse Horn Current RHC).   
[image: ]
Figure 1.  Muon monitor response change as FHC switched to RHC on 2/20/2017, both at ~ 200 kA.
In Figure 1, E:MM1COR is Muon Monitor 1 sum-of-channels corrected for gas pressure changes.  It is normalized to E:TRTGTD, protons on target for the spill, in this plot.  It may take enough time for the front-end to compute E:MM1COR that it may be mistakenly associated with the following readout of E:TRTGTD in this plot, but for steady conditions this gets things reasonably right on average.  E:MM1GPR is the gas pressure at muon monitor 1.  HAD and MM2 are hadron monitor and muon monitor 2.  The several hour blip in response at 01:00 on February 20 is due to contamination introduced in the gas system during supply bottle changeout that takes some time to flush out of the system.  The order 20% to 30% drop in muon monitor rate is essentially the difference in production of negative hadrons to positive hadrons in the target by protons, reflected in the muon chambers when one focuses negative particles rather than positive.
II. Scan of primary proton beam horizontally and vertically across target.
[image: ]
Figure 2.  Horizontal primary proton beam scan.  Response of muon monitors as a function of horizontal position of the proton beam centroid (E:HPTGT) hitting the target.  Units of horizontal scale is mm.

In Figure 2, the muon monitor response is plotted as a function of where the beam centroid, as measured by the last beam position monitor (BPM) in the primary proton beam line, hits the target during a horizontal scan used to measure where the target is.  As shown on the plot, the relevant data set is between 13:20 and 14:26 on 11/17/2017.

[image: ]
Figure 3. Vertical primary proton beam scan.  Response of muon monitors as a function of vertical position of the proton beam centroid (E:VPTGT) hitting the target.
In Figure 3, the muon monitor response is plotted as a function of where the beam centroid, as measured by the last beam position monitor (BPM) in the primary proton beam line, hits the target during a vertical scan used to measure where the target is.  As shown on the plot, the relevant data set is between 14:47 and 16:00 on 11/17/2017.

III. Scan of changing horn current between zero and normal 200 kA.  
[image: ]

Figure 4.  Horn Current scan.  Done in FHC mode.  Horn 1 was somewhat tilted at that time due to failure of bushing on the support module.
Horn current was varied in order to see what the muon monitor response change would be.  Data set is shown from 12:25:08 to 13:58:30 on 28/6/2016.  It is plotted versus E:NSLINA, which is the horn current in one of the four parallel stripline segments, so the total current is about four times that plotted.
Note that there is a calibration factor such that actual 200 kA current corresponds to 199.1 kA in the readout of (E:NSLINA+E:NSLINB+E:NSLINC+E:NSLIND).  I do not know if that calibration factor is applied in the Intensity-Frontier-database, but I know it is not applied directly in the ACNET Lumberjack database, and needs to be done after pulling the data from Lumberjack.
Another thing to note is that E:NSLINA etc do not change sign in the database when we switch from FHC to RHC.  One can look at variables like E:VCAPA1 (voltage of capacitor bank), which does switch sign.  At some point, a copy of that labeled E:HRNDIR was created to more clearly point that out; +=RHC, -=FHC.


IV. Other?

There were other horn current scans done at earlier dates, the one shown is just the latest one.
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