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Beam Position Monitor
Design Note #23

_CALIBRATION OF THE BOOSTER BPM SYSTEM

R. Webber
September 18, 1986

The calibration of the Booster BPM system is presented in,a format
following that of BPM Design Note #1 for the Saver system. Hopefully,
this will simplify understanding of the Booster system, at least for
those familiar with the Saver. Calibration is determined by a
combination of pick-up sensitivity, rf module transfer function, and
sample and hold / ADC scaling on the daughter cards in the analog box.

The Detector

The detector is ap impedance matched stripline device similar to that
used in the Saver®. The Booster detector, however, has four striplines
in a single housing to allow measurements in both planes at a single
location. Each 50 ohm stripline is a section of a circle subtending an
arc of 60 degrees and is 6 inches long. A cross-section is shown in

Figure 1. These detectors are sensitive to the direction of beam
travel, as are the Saver detectors. Since beam in the Booster is uni-
directional, the downstream end of each stripline is terminated in the
vacuum and only signals from the upstream ends are available.

A static model, based on the current distribution in the wall of a
round pipe due to a line current within the pipe, B2 used to calculate
the sensitivity of this detector to beam position.*’ A simple Fortran
code was written and used to compute, as a function of line current

location, the integrated current in the pipe surface corresponding to
eacn stripline.

Actual measurements were taken on a number of samples of the production
detectors using stretched wire techniques. Measurements were made at
30 Mhz, 50 Mhz, and 200 Mhz. The electrical center was found to move
less than'0.25 mm over that range of frequencies. The position
sensitivity is not significantly different between 30 and 50 Mhz, but

- it is noticeably reduced.at 200 Mhz, most likely due to -increased

plate-to-plate coupling at the higher frequency. Over the region of
interest, the sensitivity is found to be proportional to log(A/B),
where A and B are the signals from the two striplines in the plane of

- motion. Figure 2 shows the detector output, calculated and measured,

in terms of 20log(A/B). Values of the position sensitivity are found
to be 0.52db/mm in the 30 to 50 Mhz band and 0.48db/mm at 200 Mhz.

Since position information is processed using the 30 to 50 Mhz signalé;




the equation to be used for determining position in one plane with no
orthogonal displacement is T ]

';52xo = 20 log(A/B) = (A/B)db X in mm

Because the detector is symmetric, an identical equation is used for
Y- The equation is accurate to better than 1 mm to a radius of 40 mm.
To maintain this accuracy for beam displaced in the orthogonal plane,
the equation becomes

2 2
.52x = ~52x°*(1-*0~0510'),= (A/B)db*(1.+0.05y° )

X,X_, and Y, in mm

Again, an identical equation applies for y-

EELF

The RF Module

1,4

The Booster rf module is calibrated the same as the Saver module and

has a transfer function v
(A/B) 4 = [20/(F+1n10)] « 1n[tan(PsC * (V-V_)+1/4)] b@}
ln(10)

¢

where V is rf module position output in volts,
F=1.14, Cl=.2974, Vb=0.0

= log(2)

The Analog Box

The scaling of the daughter cards in the Booster BPM analog box was
selected such that full scale output from the ADC corresponds to a bean
position of approximately 2 inches off center. The relation between
the input voltage V and the digitized number is

V= (025N)/03
where 02;128, and\03=57.41

‘ &icuM%5Z§J¥

See Appendix A.

Ovefﬁil Calibrgtion

Combining all the above relations results in

x, = {20/(.52fF*1n10)] *,ln[tan(F*Clt((CZ-N)/CS)+f/4)]

and




_ 2
. x = x +(1+.05y )
with identical equations for Yo and y.
Table 1 is a look-up table correiating x_(or y ) to N, that is, the

position to the ADC oytput. Resul&s frof the t3ble need to be
multiplied by 1+.05yo (or 1+.05xo ) for orthogonal plane correction.

Mechanical O0ffsets

Each detector has four survey buttons, two on each end, to serve as
mechanical references. The buttons-on the downstream end, the end
opposite the output comnectors, are the primary references for
determining the mechanical center. The electrical center of each
detector in each plane was measured relative to these buttons. Table 2
lists the measured offsets. A similar table needs to be generated for
the surveyed location of each detector relative to the pominal Booster
orbit. These two offsets in each plane can then be appropriately added
or subtracted from measured beam positions to obtain actual beam
position relative to the nominal orbit.

+?-+7- Signs -?+-?+ AKA Which Way is Up?

Booster beam detectors are cabled to the rf modules such that the
analog position signal is positive for beam positions vertically up and
radially out. Table 1 carries this convention through to the :
calculated position -- positive is up and out. Detectors are installed
in the ring with the survey buttons facing up and out. Nominal offset
from the edge of the buttons to the detector center is 3.125 inches in
both planes. This location is defined as the mechanical center. The
numbers in Table 2, sign taken into account, added to 3.125 inches are
the actual distances from the buttons to the electrical -center in that
plane. As such, these numbers must be subtracted from the measured
beam position to obtain actual beam position relative to the mechanical
center. See Figure 3. To calculate the correct beam position relative
to the nominal Booster orbit, numbers obtained from surveys of detector
mechanical positions may either need to be added or subtracted from
measured beam position depending on how the survey numbers are
presented. .

Inténsity Channel Calibration

Measurements have been made of the signal levels obtained from these
detectors with beam. Accounting for cable attenuation and the like,
the 53 Mhz output from a single stripline with typical Booster beam
during the last half of the Booster cycle is 267 mv rms (about +1.5
dbm) for 1EI12 particles in 84 bunches. Equivalently, the 53 Mhz output
of a single stripline with centered beam is




Po = ~200 + 20+«log(f#ppb) dbm
This célibraéidn‘is of.coufse freéhénéy and'bﬁnch length éensitive, but
is a good estimate for the last half of the Booster cycle. ‘

The intensity channel output of the Booster rf module is adjusted for
0.6 volts with +2 dbm at 53 Mhz into each module inmput. This
corresponds to a scaling of 1.75E12 protons per volt of intensity
channel output. \

The intensity input to the daughter cards in the BPM analog boxes
normally provide the timing information required for sampling the
position signals. With the present mode of operation beam is uniformly
distributed around the Booster, and as such the intensity signal
contains no beam sync timing information. An external beam sync clock
will be connected to the daughter card intensity inputs for timing
purposes with the resultant loss of intensity information. Present
plans are for intensity information to be available only locally as
analog signals.

The intensity output from the rf modules is suitable for connection to
the daughter cards if operation is changed so as to provide the
necessary timing information via the intensity signal (i.e. operation -
with a significant gap in the beam). In this case, the calibration of
the intensity channel from the daughter card through to the control
system is identical to that of the Saver system.
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TABLE 2
TABLE OF MEASURED ELECTRICAL CENTER OFFSETS OF BOOSTER BPM’S

1

DETECTOR  HORIZONTAL  VERTICAL DETECTOR  HORIZONTAL VERTICAL

OFFSET OFFSET OFFSET OFFSET

LS1 -0.4 -0.7 SS1 -0.9 -0.2
LS2 -0.1 0.0 8S2 -1.1 -2.1
LS3 -1.0 -0.9 Ss3 -0.6 -1.1
LS4 -0.7 -0.6 SS4 -1.1 0.7
LS5 -0.1 0.1 SS5 -1.2 -0.8
LS6 -0.5 -0.1 SS6 -0.5 1.1
LS7 -0.4 -0.2 SS7 -0.7 -0.8
LS8 -0.2 -0.3 SS8 -1.1 0.2
LS9 ~ -0.3 -0.2 'ss9 -0.1 -1.1
LS10 -0.5 -0.1 ' 8810 -0.5 -1.1
LS11 -1.3 -0.1 ss11 - -0.4 0.8
Lsi2 0.2 -0.7 SS12 -1.0 -0.9
LS13 -0.9 -0.4 513 -0.8 -1.2
LS14 . -0.7 -0.3 SS14 -0.7 -0.4
LS15 -0.7 -0.1 SS15 -0.8 -0.5
LS16 = -1.2 0.3 SS16 -1.0 -0.7
1LS17 -1.3 -0.2 SS17 - -0.7 -0.7
LS18 -0.9 0.4 SS18 0.8 -1.2
LS19 0.4 0.5 SS19 0.1 -0.6
LS20 -0.7 -0.1 S$20 -0.4 -1.6
LS21 -1.5 -0.6 Ss21 0.2 -0.8
LS22 -0.5 -0.7 SS22 -0.5 -0.9
LS23 -0.9 -0.2 SS23 -0.7 -1.2
LS24 -0.3 0.5 5524 -1.3 -0.7
LS2-A -1.2 -0.4 SS1-A -0.9 -0.5
LS3-A -0.8 - 0.1 SS2-A -0.5 -0.6

2 0.0 SS2-B -0.7 -0.7

LS21-A -1.

~——

X %580 <5 .9

1) Above units are in millimeters. Xm“\”\ = LS mm

s b(”'nu\) tel mm
2) Sign of above numbers is such that if added to 3.125 inches, the
result is the distance from the respective downstream survey button to
the electrical center of the detector in that plane. Therefore, these ..
numbers must be SUBTRACTED from measured beam position to obtain actual
beam position relative to the mechanical center of the detector using
the convention that positive is up and out.

NOTES




TABLE 2 CON’T.

TABLE OF MEASURED ELECTRICAL CENTER OFFSETS OF BOOSTER BPM’S

DETECTOR  HORIZONTAL VERTICAL
OFFSET -~  OFFSET

8G1 -0.6 -0.2
8G2 -1.1 -0.3
8G3 -0.7 -0.4
8G4 -0.8 0.2
8G5 -1.0 0.2
8G6 -0.1 -0.2
867 0.0 0.1
868 -0.7 -0.4
8G9 -0.8 - 0.4
8G10 -0.4 -0.1
8G11 -0.2 -0.1
8G12 0.2 -0.3
8G13 -0.5 0.0
8G14 0.5 0.4
8G15 0.6 0.4
8G16 0.0 -0.3
8G17 -0.8 -0.6
8G18  -0.5 0.0

NOTES
1) Above units are in millimeters.

2) Sign of above numbers is such that if added to 3.125 inches, the

result is the distance from the respective downstream survey button to
the electrical center of the detector in that plane. Therefore, these
numbers.must be SUBTRACTED from measured beam position to obtain .actual

beam position relative to the mechanical center of -the detector using
the convention that positive is up and out.
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