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What is the Raster? 



What is the Raster? 

• The Raster is a set of four magnets (two pairs, x 
and y) that spread the beam out from a ‘point’ to 
a larger square 

• Each pair is synced to maximize beam 
displacement 

• This serves to minimize localized beam heating 
effects 

• The Raster is driven by a ~25kHz triangle wave so 
that it never lingers in one spot for very long 



What needs calibrated for the Raster? 

• The only information that we get from the 
Raster is the current going through the 
magnet coils 

• This can be recorded with an ADC providing 
event-by-event current information 

• A calibration provides the means to convert 
the current in the Raster to a position in space 



A Glance at the DB 



Three Calibrations 

• Raster at BPM A 

• Raster at BPM B 

• Raster at Target 

- The position at the BPMs are used to 
approximate the beam direction 

- The direction along with the position at the 
target are used to intersect with the tracking 
vector from the HRS 
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• For the position at the BPMs, we use the BPM 
signals (*shock*) 
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How do you get the calibrations? 

• For the position at the BPMs, we use the BPM 
signals (*shock*) 

• The BPM signal tells us where the beam has 
been*, just not when it was there 

• So, we can 1-to-1 map the Raster current to the 
BPM positions (define a line) 

• The slope of the line is the ratio of the BPM to 
Raster signal (rise over run) 

• The y-intercept can be found now because we 
have the slope and a point on the line, the mean 
of each signal 

*More on this later 
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What about at the target? 

• Can’t we project the BPM signals to the target 
and do it the same way? 
– Yes… but it doesn’t work very well. 

• In the processing of the BPM signals, the edge 
positions of the beam get averaged out 

• The BPM signal is great for getting the average 
beam position (needed) 

• Unfortunately, this drawback makes the BPM not 
so great for getting the size of the beam (also 
needed) 

 



How not so great is not so great? 



So… what do we do? 

• Our next best bet is to use the Carbon Hole 
target 

• We know that it is a 2mm diameter hole, so if 
we can fit it we can get a conversion factor 
from Raster current to position 
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• When plotted in 2D, there are relatively few 
counts inside the hole with a fairly even 
background outside of it 
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How do we fit it? 

• When plotted in 2D, there are relatively few 
counts inside the hole with a fairly even 
background outside of it 

– This sounds like a radial step function! 

• But the edges are a little blurry… 

– Enter the radial sigmoid 



The Sigmoid Function 

𝑦 =
1

1 + 𝑒−𝑥
 



Let’s make it 2D (and radial) 

• The conversion factor for x and y are different 

– We’ll define it as an ellipse 

𝑧 =
[0]

1 + 𝑒−𝑓(𝑥 ,𝑦)
 

𝑓 𝑥,𝑦 =  5    1   2 − 𝑥  
2
+   3   4 − 𝑦  

2
− 1  

[0] - Strength of background outside the Carbon Hole 
[1] - Conversion from horizontal Raster current to mm 
[2] - Horizontal Raster current corresponding to the center of the Carbon Hole 
[3] - Conversion from vertical Raster current to mm 
[4] - Vertical Raster current corresponding to the center of the Carbon Hole 
[5] - “Hardness” of the sigmoid 



What does this fit look like? 



Another Vantage Point 



How about the output? 



How does it look post-calibration? 



One last thing 

• We must also consider coordinate systems 
• The results of the calibration must give the 

position in the Hall Coordinate System 
– +x to the left (facing downstream) 
– +y is upwards 

• The Raster current is not necessarily in this 
coordinate system 
– We can check by: 

• Moving the beam around and observing how the Carbon 
Hole moves in each coordinate system 

• Looking at physics variables and ensuring that they behave 
as expected post-calibration 



Current Status 

• The FADC signals are calibrated for Raster at target (the 
hard part) 
– The Raster at BPM calibrations will be completed 

tomorrow (the easy part) 

• The Fastbus size calibration for the Left arm is 
complete 
– Need to do the Fastbus size calibration for the Right arm 

– The Fastbus Raster at BPM calibrations will shortly follow 

• Calibrations for other Tritium experiments will follow 
shortly after 



Future 

• The Raster system is largely undocumented from a 
User Point-of-View 

• A ctrl-F search of the Hall A NIM paper shows that the 
Raster is completely unmentioned 

• Barak Schmookler (MIT/GMP) and Evan McClellan have 
been extremely helpful in figuring out how to calibrate 
this system in the absence of a well-documented 
procedure 

• After I complete the calibrations, I would like to 
dedicate some time to write a document so that future 
students have a resource to learn about this system 



Thank you! 
Questions? 


