Program toread M| Extra-wide Aperture BPM test
stand measurement data files, compute BPM transfer
function in db difference formulation, and generate
polynomial coefficientsto compute position from
traditional RF Module and Analog Box BPM System
Outputs

Set working directory

CWD := "Z:\Instrumentation\M|_BPMs\ExtrawideA pertureM I BPMS\EXWABPM_Raw_Data"

Import data:
Use data from Vertical measurements of all BPMs #1-8 and
Horizontal measurements of all BPMs #1-7
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Get horizontal and vertical scan data at orthogonally centered positions

hdatav0:= |a- READPRN(concat("EXWAO",numZStr(hfiIenumO),"Horiz.txt"))

mat = submatrix(a, 169,189,0, 3)
for i1 1..length(hfilenum) - 1
a- READPRN(concat("EXWAO" ,num2s1r(hfi|enumi),"Horiz.txt"))

mat - stack(mat, submatrix(a, 169,189,0, 3))
mat

Iength(hdatavoap) = 147



vdatahO:= |mrow - 0
for i1 0..length(vfilenum) - 1

a- READPRN(concat("EXWAO" ,numZStr(vfiIenumi),"Vert.txt" ))

for mi 0..Iength(aém) -1

if |am’0| £05
for c1 0.3
mat

-a
mrow, C m,c

mrow = mrow + 1

mat
hdatavObpm(k) := &meatrix(hdar[avo, match(k, hfilenum)o>Ql, match(k,hfilenum)0>21 + 20,0,3)
hbpm(k) := hdatavObpm(k)

vdatahObpm(k) := submatrix(vdataho, match(k, vilenum) 21, match(k, vfilenum) 21 + 20,0,3)
vbpm(k) := vdatahObpm(k)

Plots of electrode signal amplitudes in dB vs. wire position in millimeters.
Horizontal BPM scans in left plot and vertical scans in right.
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Sign convention is such that in horizontal array first electrode signal column is
electrode labeled "A" and in vertical the first signal column is electrode labeled

"C". "A" and "C" signals get larger for increasingly positive wire positions in

test stand convention.




Now create two-column arrays for Horizontal and Vertical, first column 'in-plane’ position and
second column db difference (difference with convention that positive difference corresponds to
positive position in test stand convention, i.e. larger "A" or "C" signal. Also create "combo" array
that combines both the horizontal and vertical.

result"mﬂ hdata\/oaUn

for mi 0..rows(hdatav0) - 1
- hdatavO - hdatavO
m m

hdbdfvO :

result
m

1 2 ,3

result

Iength(hdbdfvoém) =147

i
resultaUn - vdatahoal

for mi 0..rows(vdatahO) - 1
~ vdatahQ , - vdatahO, 5 Iength(vdbdfhoaﬁ) = 168

vdbdfhO :

result
m

1 ,2

result

combdbdf := stack(hdbdfvO, vdbdfh0) Iength(combdbdf agn) =315
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Now generate 5th order polynomial fits to this data

oncenterfith :=

oncenterfitv :

inversefith :

inversefitv :

= regress( hdbdfv0
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Coefficients for db = poly(mm) follow.
Ignore first 3 values in column!
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For futher transfer function computations set offset term to zero and use:
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And check polynomial function against data

dB Difference vs. Position
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Position vs. dB Difference
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So now have polynomial BPM transfer function between dB and millimeters

Need path to compute millimeters from output of RF Module and Analog Box digitizer system

Work backwards from Analog Box digitizer output value N and use system equations from
Jim Crisp's note " Main Injector bpm scale factors” in Beams Document #1344-v1

First compute table of Vrfmod vs. N for Analog Box digitizers

n:=0..255 =n

Nn
(128 - Nn)

Vrfmod = ——— Table := augment(N, Vrfmod)
n 57.41

Now, using these discrete values of Vrfmod, compute corresponding RF Module input difference
in dB and then use the BPM transfer function to find corresponding position in millimeters

F:=114 Cl:=0.2974
M
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dbin(vrfmodout) :=

dbi nputn = dbi n(Vrfmodn)

NOTE: sign change! due to fact that test stand convention
is positive position for large "A" signal, while RF module
convention is opposite.

mmi n,=- mm(dbi nputn)



Add dbinput and position columns to "Table" array so that it now has columns
N, Vrfmod, dbdiffin, nmEWABPM

Table := augment(Table, dbinput, mmin)

Create BPM_DaughterCard_Table having only columns N and mmEWABPM

BPM_DaughterCard_Tabl abn:: Tabl ol

31
BPM_DaughterCard_TabIeal = Tabl i

Write BPM_DaughterCard_Table to File. This file can be used to "look-up" beam position
given a BPM daughter card digitizer output value

CWD := "Z:\Instrumentation\M|_BPMs\ExtrawideApertureM I BPMs"

WRITEPRN("EWA_BPM_DaughterCard_Table.txt") := BPM_DaughterCard_Table

Now using Vrfmod and mmEWABPM values from "Table" array, find
polynomial fit between Vrfmod and position

A .
vrfmo := regr%s(TabI eal , Tabl ea‘ﬁ, 5)

R

C 3 = Now define K vector as polynomial coefficients to compute
C 5 =+ position from Vrfmod with offset term set to zero.
%0019
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This polynomial is the relationship between RF module output voltage and beam
position in millimeters for the ExtraWide Aperture Main Injector BPM.

Finally get polynomial function for position channel MADC database entries. MADC
input voltage is "vdac" which is 2.251 times the RF module output voltage.

65 € o )
posdacmm(vdac) := §é EK.>5§9/—9&L,
€ e ! 2.251g01
e=0 u

Define Kmadc as polynomial coefficients for computing position from MADC input.
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This polynomial is the relationship between Analog Box DAC output (ACNET MADC
input) and beam position in millimeters for the ExtraWide Aperture Main Injector BPM.



Check significance of even terms

2
EQerror(vdac) := posmadcmm(vdac) - é gKmadczyi +1>vdac P
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See only 50 um errors out to 50 mm radius if neglect even order terms so neglect them.

Summary and Conclusion

A lookup table to find beam position in millimeters given BPM daughter card
digitizer value for the MI ExtraWide Aperture BPMs has been created and written as

file "EWA_BPM_DaughterCard_Table.txt".

A sufficiently accurate polynomial for computing position in mm from RF Module
output volts for the EWA BPMs is:

mm = 13.832 * Vrfmod - 0.721 * Vrfmod**3 + 0.592 * Vrfmod**5

A sufficiently accurate polynomial for computing position in mm from MADC volts for
the EWA BPMs is:

mm = 6.145 * Vmadc - 0.063 * Vmadc**3 + 0.01 * Vmadc**5






