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standard local or global variables. They minimize race 
conditions since FGVs are not re-entrant and can only be 
accessed by a single process at a time. 

The mapping system uses multiple FGVs to transfer 
data between the state machine and status loop.  The 
status loop provides the feedback to the main UI 
indicating progress and updating displays in real time.  

WIRE STRUCTURE 
The BPPM probe mapping system utilizes a unique 

design for inserting and tensioning the antenna wire [4]. 
The design concept is comprised of a 0.004” diameter, 
high-carbon steel, drawn music wire (such as ASTM 
A228) suspended vertically through the probe and 
tensioned by a ball attracted to a Samarium-Cobalt 
magnet of high coercivity with good BHmax to keep it very 
taught and straight with reliable force over time. The 
3/16” dia. ball bearing was chosen for its high-precision 
diameter (±0.0001”) and sphericity (0.000025”,) 
providing a high degree of repeatability when coupled 
with the “slip-fit” polyimide alignment guide.  

The antenna is soldered into a 0.006” hole, 0.020” deep 
with an axially-aligned 0.010” bore from the opposite 
side. The small diameter hole depth limit was predicated 
on the length of the carbide drill available in that 
diameter. The larger drill had a greater aspect ratio, 
allowing it to meet the smaller hole. The ball bearings 
were annealed prior to drilling, although this step may be 
omitted with future balls. Other drilling and attachment 
techniques were researched, but electrical-discharge 
machining (EDM) and laser drilling, etc, were unsuitable 
due to the large aspect ratio of hole size and depth. 

The small hole allows for keeping the wire from being 
skewed off-axis by asymmetry and preventing the wire 
from pulling out of the ball by shear forces and solder 
cold-flow under extreme tension. 

 A sapphire insulating guide bead, 0.0045” ID inserted 
into a conically shaped and radially pinned brass “plug” 
aligns the antenna top end. 

MAP RESULTS 
Once the mapping system was upgraded and software 

development completed, a comparison was done of the 
new system versus the legacy system. BPPM S/N 38 [5] 
of the style installed in the coupled-cavity linac at 
LANSCE was used to compare the two systems.   

The 3-dimensional plots of the horizontal and vertical 
power ratios are seen in figure 5.   

 
Figure 5: 3-dimensional mapping plots 

Coefficient results from the L-M curve fitting are listed 
in Table 1 for the fits (equation 1) between the legacy 
system and the PXI based system. The difference between 
the 3rd order coefficients is very small as well as the 
sensitivity terms, indicating the new and legacy systems 
compare very closely. The largest difference is the delta 
offset value of 0.076 mm.  Further experiments are 
needed to determine the source of this error. This error is 
small in comparison to the accuracy specification of 
1.0mm for BPPM’s. 

Table 1: Coefficient comparison of PXI versus Legacy 
Fit Term PXI Legacy Delta 

Forward offset 0.461 0.551 0.090 
Fit Sensitivity 1.188 1.189 0.0010 
L-R (dB) Cubic 6.26E-04 6.29E-04 3.00E-06 
 Cross -7.21E-04 -7.23E-04 -2.00E-06 

Forward offset -0.119 -0.208 -0.090 
Fit Sensitivity 1.188 1.189 0.0002 
T-B (dB) Cubic 6.26E-04 6.30E-04 4.00E-06 
 Cross -7.11E-04 -7.13E-04 -2.00E-06 

Inverse offset -0.370 -0.441 -0.071 
Fit Sensitivity 0.825 0.824 -0.0007 
L-R (mm) Cubic -1.81E-04 -1.81E-04 0.00E+00 
 Cross 3.50E-04 3.50E-04 0.00E+00 

Inverse offset 0.090 0.166 0.076 
Fit Sensitivity 0.826 0.826 -0.0003 
T-B (mm) Cubic -1.86E-04 -1.87E-04 -1.00E-06 
 Cross 3.43E-04 3.43E-04 0.00E+00 

CONCLUSION 
We have successfully updated the wire mapping system 

at LANSCE to map and derive the positional transfer 
functions for up to 80% of a BPPM’s radius with results 
matching the legacy system. It has been used to 
characterize BPPM electronics by providing beam 
position data for comparison to calculated position data.  
A future system enhancement will add the capability to 
characterize the phase response of BPPM electronics 
using a 5-channel phase coherent synthesizer. 

ACKNOWLEDGEMENT 
We would like to acknowledge Nancy Hollenback, who 

is a field architect at NI, for her time and knowledge 
discussing the software architecture. 

REFERENCES 
[1] J.D.Gilpatrick, “Derivation of the LANSCE BPM Nonlinear 

Beam Position Response,” PSR-97-003. 
[2] J.Power et al., “Characterization of Beam Position Monitors 

in two-Dimensions,” 1992 Linear Accelerator Conference 
Proceedings (AECL-10728) 362 (1992) 

[3] Labview, v. 11.0, National Instruments, 2011;  
 www.ni.com 
[4] R.B.Shurter et al., “An automated BPM characterization 

system for LEDA,” AIP Conference Proceedings (pp. 291-
298). American Institute of Physics. (1998) 

[5] M.Coriz, “BPPM Transducer Qualification and Calibration 
Sheet 38,” 2011, mesalib.lanl.gov 


