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Introduction 

 
The objective of properly understanding the errors in the gain map data is to decide the 
dG cutoff value so that we end up with less dead channels without compromising the 
TRT operation. The consideration is to make sure that the probability of passing straws 
with >400 micron offset wire is low. In other words, the probability of straws with 
dG>11% falling below the cutoff should be low. Naturally, the probability depends on 
the overall error in dG.  
 
It should be noted that some errors are not symmetric. Some errors tend to make dG only 
bigger or smaller. We need to concentrate on the errors making dG smaller since these 
errors make straws with dG>11% fall under the cutoff value. Understanding the other 
type of errors is not unimportant since it says something about the degree of losing good 
straws.  
 
In this report, we re-visit some of the previously discussed errors. Several toy Monte 
Carlo simulations were made to estimate the errors.  
 

1. Due to Calibration 
 
The calibration as we understand it now is necessary because of the temperature variation 
within a module. The gain shift is about 2.5% per 1 degree centigrade and it is very 
desirable to keep the module temperature as constant as possible during the gain mapping. 
However some temperature variation cannot be avoided. The temperature dependency 
can be taken out by calculating the average gain of many straws as a function of the straw 
length. This assumes that the temperature dependence is only along the module length, 
which may not be an entirely good assumption. But more complicated correction (such as 
two dimensional correction) was found to be not really necessary and even introduces 
other complications. 
 



For a typical module, the correction is the order of 1%. There have been many 
presentations and reports and the conclusion was that if the calibration was done properly, 
the repeatability of gain map of a straw was better than ~0.6%.  The comparison was 
done with two or more data sets (from the same module) which went through 
independent calibrations.  
 
One interesting plot is shown in Figure 1. This data is from the front side of M3.04. This 
was one of the modules mapped at both sites (Duke and Hampton). Plotted is the 
difference between dGDuke and dGHampton of the same straws. The mean is slightly off 
center (-0.25%) and the RMS is 0.7% as expected from the repeatability study. This plot 
is significant because the two mappers are quite different in HV setting, X-ray energy, 
electronics, and analysis. 
 
One caveat of this analysis is that it is assumed that the calibration is done ‘properly’. 
Since the calibration uses the real data, if the real data is of poor quality or has some bias 
(for example with a lot of bent straws or wire diameter problem), one has to be careful in 
obtaining the calibration values.  
 

 
Figure 1. The plot of difference between dG (duke) and dG (Hampton) of same straws 
from 3.04 module front side. The x-axis is in %. The sigma from a Gaussian fit is 0.6%. 
 



What we can conclude from this study is that if the calibration is done properly, the effect 
of the calibration to the dG value is less than 0.6% (in sigma). I say less than because 
even with a perfect calibration, the difference won’t be zero. 
 

2. Due to Wire-support 
 
It has been well known that the sense wire can be hung on the wire-support thus 
producing offset wire. The reason is not clear, although we speculate it is due to a bad 
surface finishing on the wire-support. We can also assume that there could be a lot of 
wires hung by a smaller amount, but there is no direct evidence for it. If this is the case, 
we should see some gain rise toward the wire-supports, but we do not. 
 
There are other considerations. There is machining and positioning error of the wire 
support. The estimation is about ~50 microns. Including possible hung wire, the error 
could be larger. Since there is no real guidance, 75 microns is used for the combination of 
the errors. 
 
The next step is to estimate the average wire offset due to this error. It should be noted 
that the error does not directly translate to the error in dG. This is because there are two 
wire supports and due to the way dG is defined. Because there are two wire-supports, 
unless the two errors line up, we do not get the maximum error. A good example is when 
two errors are in the opposite direction. In this case, the offset in the middle is zero (Gmin 
corresponds to the minimum wire displacement), thus the effect on dG is small.  
 
This error also affects Gmax, but the effect does not have to be considered since the gain at 
the Gmax point is correctly measured whether the wire is offset or not (One can think of an 
example that wire is offset by 400 microns to one direction from one straw end to the 
other end. In this case Gmax is ~11% and Gmin is also ~11%, thus dG~0. This is wrong 
because true Gmin should have been 0%. ) 
 
The error due to wire-supports is simulated as follows: 
  

a) Generate two Gaussian random numbers (r1, r2) for the two offsets at the 
wire-support locations with sigma=75 microns. 

b) Randomly distribute r1 (and r2) around a circle with radius r1. This is the 
x1 and y1 location of the wire at a wire-support. 

c) Draw a straight line from (x1,y1,0.0) to (x2,y2,70cm). 
d) Calculate the closest distance from the wire to the straight line drawn from 

(0,0,0) to (0,0,70). This is our Gmin. 
 
The figure below shows the Gmin distribution in terms of offset amount in microns. The 
RMS is about 25 microns and it corresponds to less than ~0.2% in dG. If 100 microns is 
used instead of 75 microns, then RMS is 34 microns. It is still a small effect. 
 



 
Figure 2. Gmin (in microns) distribution due to the wire-support error. Sigma of 75 
microns is used to generate the wire offset at each wire-support location. The RMS is 25 
microns, much less than 75 microns. This is caused by the random orientation of the two 
wire supports. 
 

3. Due to Granularity 
 
Our step size for the gain measurement is ~2.5 cm, and it is possible that we miss the true 
peak (Gmax). This effect is somewhat reduced because of the beam size (~ 2 cm) and easy 
to simulate following the procedures below. 
 

a) Produce a bent straw (with 11% gain shift) between 0 and 25 cm. It is 
centered at z=8.0 cm. Straw is from z=0 to z=75 cm.  A Gaussian function 
is used for the gain shape with sigma=4 cm, which is similar to what we 
see in the data. 

b) Choose a starting position (x-ray beam position) between 0 and 2.5 cm at 
random. 

c) Use 2 cm for the beam width. Calculate the average gain for the 2 cm bite. 
Since each data point has error, I use random 0.2% error. I.e., smear the 
average gain by 0.2% (Gaussian fashion). 



d) Move 2.5 cm step and take another bite (2 cm). At the end, I have a gain 
map of the 25 beam locations. 

e) From 25 points find Gmax and Gmin. dG=Gmax-Gmin 
 
Figure 3 below shows a plot of dG distribution for 251 events. The RMS is 0.28%. I.e., 
the error due to the step size is small.  
 
 

 
Figure 3. The effect of granularity on dG for 11% bent straws. The RMS is 0.28%. 
 
 

4. Due to Peak fitting (analysis) 
 
The ADC distributions can be fitted with a Gaussian function reasonably well. But as 
wire gets offset, the distribution becomes asymmetric with wider width. The two typical 
distributions are shown in Figure 5. The plot with solid line is from a normal position, 
and dotted line is with ~15% gain shift. Because of the asymmetry, the mean from a 
Gaussian fit does not match the peak of the plot and affects the dG value. In order to 
circumvent this problem, only data within one or 1.5 sigma range is used in the peak 
fitting.  
 



In a table below, the means from the Gaussian fits are tabulated for the five different fit 
ranges and for three different straws (one normal, two offset straws). As shown in the 
table, the mean values are different depending on the fit ranges, and we can conclude that 
the effect of the fitting is order of ~0.1%.  
 

 
 
Figure 4. Typical ADC distribution. The solid curve is from the location where wire is 
centered, and the dotted curve is from the location where wire is offset by ~500 microns. 
 
 
Fit Range Good Straw Offset Straw 1 Offset Straw 2 
All  47.53+/-0.06 53.85+/-0.06 55.39+/-0.06 
-1.5  to +1.5 sigma 47.71 53.64 55.07 
-1.0  to +1.0 sigma 47.93 53.46 54.92 
-1.0  to +1.5 sigma 47.83 53.61 55.10 
-1.5  to +1.0 sigma 47.88 53.42 55.00 
AVG 47.84 53.53 55.02 
RMS 0.04 0.05 0.04 
 
Table 1. From the table, we can conclude the error (RMS) due to peak fitting is ~0.1%. In 
the AVG and RMS calculation the results in ‘All’ (the second row) category are not 
included. 



 
 

Summary 
 
The table below summarizes the errors. The first column is the type of errors, the second 
column is the estimation Ken M. showed and the last column is the new estimation. 
 
 

 

 
Table 2. Summary of the errors. 

Description Old estimation New estimation 

Global correction ~1-2% ~<0.6% including Stat 

Granularity ~1% ~0.28% 

Non-proportionality ~0.25% ?? 

Analysis ~0.5% ~0.1% 

Non-zero wire offset ~0.5% ~0.2% 

Statistics ~1% included in Global 

Overall ~1.8 -2.2% ~0.7% 


