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Abstract
A 20 um resolution multiwire beam profile monitor has been designed for the
Fermilab Antiproton Scurce, The monitor consists of closely packed wires operating

by secondary emission (SEM).
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i. Introduction

A 120 CeV pulsed beam of 2x1012 protons with a duration of 1.5 us and a
repetition rate of .5 Hz 1is utilized for antiproton production in the Fermilap
Tevatron I Project (T). The beam is contained in a 1 mm diameter spot. Among other
parameters that may affect the performance of the antiproton source, the size and
position of the proton beam at the target are relevant for the efficlent capture of
antiprotons. A multiwire secondary emission monitor was developed to measure both
the horizontal and vertical pos%tion and profile of the proton beam. The monitor is
located 25 cm upstream of the target center. This proximity to the target results in
a highly radiocactive environment. For the designed focussing conditions, the beam is
expected to be Q0,3 § larger at the monitor than at the targét center, In conjunction
with a set of non-intercepting inductive beam position monitors it forms the
instrumentation "module", one element of the Tevatron I target station (2).

Secondary emission chambers equipped with segmented foils of the order of 1 mm

Wwide have been used for some time for the measurement of beam profiles (3). A

multiwire chamber with 8 wires on 200 ym centers was recently reported (u). For the
Fermilab antiproten scurce the proton beam is designed o have an rms size of 400 um
in both planes, but smaller values c¢ould Dbe expected. The atability of the position
of the beam is required to be of the order of 100 um, to minimize steering by a very
short focal distance collecting lens downstream of the target., The monitor design
criteria of a size and position reaclution of the order of 20 um were obtained with
the device described below.

2. Construction.

The monitor consists of separate horizontal and vertical planes of twenty four

100 um diameter titanium wires., Figure 1 is a photograph of the wire planes mounted



in thevacuum chamber. The <central 12 wires of each plane are spaced on 250 pm
centers, and the outer 6 wires on each side are on 500 um centers. This combination
provides good resolution at the center and a larger sensitive area of the monitor fer
initial beam steering. Electron collection foils made of 50 um thick titanium are
spaced 6 mm from the wire planes. The assembly is contained in a vacuum chamber with
50 um titanium beam windows. Because of high radiation levels in the vicinity eof the
target, the monitor is constructed entirely of metals and ceramics. An ion vacuum
pump is permanently attached to the sealed volume. Figure 2 shows a schematic cross
section through the profile monitor.

Each wire plane i3 supported by a 3.2 mm thick aluminum plate containing two "y"
shaped arrays of tapped holes centered in 4,8 mm diameter counterbores, Alumina
insulating ¢ylinders are held in the counterbores with screws. The faces of the
alumina cylinders that determine the wire position are located with a template
containing a sequence of steps machined to an accuracy of +8 ym. The wires bend by
45 degrees around the c¢ylinders, separating adjacent wires by 3 mm to permit
connectiona to be made. A piece of machinable ceramic at each end of the aluminum
plate provides anchors faor the wires, Individual wires are welded at each end to
titanium tabs, one tab being attached to an anchor and the other suspended by a 31
gn/mm stainless steel spring. The spring Is atretched to 50 gm tension to absorb
thermal expansion of the wire due to beam heating and possible elongation from long
term radiation damage. Each wire is connected from the unsprung end of the wire
planes to a common vacuum feedthrough using ceramic coated 0.5 mm diameter copper
wWire (5).

Both planes of wires and the electron collection folls are set in a vacuum

chamber made of two 13.25 in diameter "Del-Seal" flanges (6). Plates welded to the
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flanges make up a 10.8 in diameter by 2.0 in long vacuum chamber. A multipin vacuum

feedthrough and a rough pumping port are attached with similar smaller flanges. An

8 1/s ion pump is mounted on the upstream face of the chamber.

All parts were cleaned before assembly to ensure a high vacuum and good SEM
efficiency. The titanium wires were acid etched until they had a shiny appearance to
remove the oxide layer. All other parts were solvent washed. All ccmponents were
then baked at 30000 in a vacuum oven before assembly. After assembly the entire
monitor was baked under vacuum at ISOOC for 24 hrs. The chamber vacuum is of the
order of 2:::10-.8 Torr during beam operation.

3. Readout

The individual wire signals are transported beyond the vacuum feedthrough by
coaxial cable (the first 8 ft constructed with radiation resistant ceramic
dielectric) to a Fermilab designed Segmented Wire Ionization Chamber (SWIC) Scanner
(7). The scanner can handle up to 48 vertical and 48 horizontal input signals and is
controlled by a microprocessor, For each beam pulse the scanner goes through a 3
Ccycle sequence:

1) CLEAR: stores in local memory a sample of background for each input., It is
initiated by a timing signal prior to beam time.

ii) START: stores the background sub_tracted data for each input and performs
gaussian fits which give the mean and width of the profiles, It is
initiated by a timing signal at beam time.

{11 )QUTPUT: the individual charnnel data minus background and the gaussian fits are
presented at the video output. The data can also be transferred in
digital form, through CAMAC, to the accelerator control system on

demand,
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Figure 3 shows a block diagram of the scanner. The input gate is opened for a
minimum of 4,5 us centered on the 1.5 us beam pulse. Stored charges are then
multiplexed to a single amplifier and analog to digital converter, The gain of the
Scanner can be varied between 1 and 500, and the scanner can digitize either positivé
or negative charge. In this application the cable capacitance of 1400 pF is nearly
the same a3 the input capacitance of the scarnner of 1500 pF, so about 50 % of the SEM
charge is processed by the scanner.

4, Performance

A typical set of profiles obtained from the monitor is shown in Figure 4. For
this measurement the target has been removed from the beam, as backward going
products from the huclear reactions in the target affect the measured beam profile.
The gaussian fits shown by the dotted curves, generated off-line rather than by the
scanner, have horizontal and vertical means of-578 um and 91 um and rms widths of
333 ym and 386 um. The scanner is operating with a gain of 32, and the profiles
contain totals of 274 and 247 scanner counts. Profiles as narrow as 140 um rms have
been observed. The average background per chamber wire from target secondaries when
the target is in place is of the order of 2 % of the total secondary emission signal
from primary protons. This nearly flat background is sub_tracted in the gaussian fit
performed by the control system,

Knowledge of the total beam intensity, the amount of charge per wire digitized by
the scanner and the scanner gain allows one to obtain values for the secondary
emission coefficients. This is simply the ratio between the charge measured by the
scanner and the -char'ge corresponding to that fraction of the proton beam intercepted
by each wire, In Figure 5 we show the calculated secondary emission coefficient,

averaged over all wires, as a function of the positive voltage applied to the
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clearing foils. We obtain a secondary emission coefficient of (5.8 £ C.41)%. The
function of the clearing field is to remove secondary electrons which are emitted
towards adjacent wires and would then be recaptured. For beams of sizes comparable )
to the wire spacing in the wmonitor, there 1is a large gradient in the beam current
density from one chamber wire to the next. This results in an assymetric sharing of
the recaptured secondary electrons, more electrons being transferred from the wire in
the higher beam density to its neighbor than in the opposite direction. These
recaptured electrons reduce the net positive charge detected on the wires causing the
measured beam profile to appear narrower than the actual beam. A3 can be seen in
Figure 6, a beam with a measured rms width of 300 um at zero clearing voltage appears
to plateau with an rms width of U400 um at a clearing. voltage of 30 volts. No
independent measurement of the beam profiles was available to oross check the
performance of our monitor,

An upper limit on the chamber width resolution was cobtained by measuring the
widths of five beam pulses on a fixed group of wires and the widths of beam pulses
on five different groups of wires in each plane. In the horizontal plane, rus
variations In the width were 6 um at the center and 13 um overall, while variations
of 13 um and 21 um were obtained in the vertical plane. The average rms width of the
beam for these measurements was 400 um, The data showing the rms widths for
different groups of wiresis shown in Figure 7. The beam has been moved vertically
dceross the monitor, from the outer more separated wires through the inner high
resolution region. The effect of the different wire spacings is smaller than the
quoted rms widtﬂ resolution, ’
The data for the mean position studies are shown in Figure 8. The mean position

of the beam, obtained from the gaussian fit, is plotted as a functicn of the current
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in a horizontal trim magnet several meters upstream of the SEM monitor. A linear fit
to the data shows that all peints are within +25 um of a straight line, This fit
gives an rms deviation for all points of 17 um.

Pairs of inductive pick-ups located immediately upstream of the SEM chamber can
alsoc be used to measure the horizontal and vertical beam positions, These non-
intercepting pick~ups are a scaled down version of the ones in the Tevatron
accelerator (8). 4 measurement sSimilar to the one of Figure 8, reveals an rms
deviation of 30 um for these monitors. Although correlations nhave been made between
beam positions obtained by the SEM monitor and the inductive pick-ups, the latter
suffer from slow drifts and sensitivity to beam intensity in the processing
eleectronics equivalent to at least =+ 300 um in position (9). The short~term
correlation studies between detectors show that they track well within the 30 um
resolution of the inductive pilck-~ups. The SEM monitor and the inductive pick=ups
are attached to the bottom of a 7 ft tall movable steel shielding module. Mounts are
designed so that these detectors can be remotely detached and replaced from the top
of the module. Figure 9 shows the lower part of the instrumentation module just
prior to installation in the target vault.
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Figure Captions
Figure 1: Photograph of the wire planes in the vacuum chamber,
Figure 2: Cross section through the monitor volume, 1) Vacuum Windows, 2)
Clearing Foils and 3) Wires.
Figure 3: Scamner biock diagram. I} Input stage with gating, M) Multiplexer,
A) Amplifier, C) Analog to Digital Converter, P) Microprocessor,
$) Storage Memory and O) Qutputs
Figure U: Typical beam proflles.
Figure 5: SEM coeff'icients vs, clearing voltage.
Figure 6: Beam rms width vs. clearing voltage.
Figure 7: Beam rms width vs, beam positlon, (Clearing véltage = § Volts)
Figure 8: Beam position vs. trim magnet current. (Clearing voltage = & Volts)
Figure 9: Photograph of the beam end of the Instrumentation Module ready for

installation in the target vault,
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