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Abstract ! )

A prototype resistive beam position/current monitor has

been developed for the proposed small electron ring at t&d Quadrant
University of Maryland. It consists of 32 low-inductance
resistors which are uniformly distributed around a ceramic
gap between two conducting pipes. The resistors are di-
vided into four quadrants and each quadrant has a total re-
sistance of 0.625%). The beam image currents are mea-
sured in the four quadrants and the measurement leads to
the information about beam position and total beam cur-
rent. A bench test has been done for the prototype beam3rd Quadrant
position/current monitor. The result shows that the beam ,
position/current monitor gives an accurate total beam cur- '
rent with an error of 2% and satisfactory position informa-

tion in both radial and azimuthal directions. The rise timdigure 1. Schematic diagram of an off-centered beam in a
of the monitor is measured as about 1 ns. conducting tube. As shown in this figure, the nonuniform

image current/(6) is induced when the thin beam is posi-
tioned at(r, ¢).
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1 INTRODUCTION

A small electron ring is being developed at the University ] » ] )
of Maryland[1, 2]. In this machine, space-charge domicurrent flow is at the po.smon (;(fr, @) in thg polar coordi-
nated electron beams with an energy of 10 keV and a Cutgtate'sys'tem, as shown in the flgure. In th|s case, the current
rent of 100 mA are designed to recirculate in the ring with gistribution./(#) on the conducting tube is given by[4]
circumference of 11.5 m. The beams easily tend to be off-

centered in this ring because of misalignment, earth mag- I, 1— (r/R)?

netic field, etc. Therefore, it is necessary to detect the beam J(0) = 27 R1+ (r/R)? —2(r/R)cos(0 — o)’
position and to restore the beams to the axis. Furthermore,

one needs to measure the total beam current. For these pyfereR is the diameter of a conducting tube ahds the
poses, a prototype resistive beam position/current monit@stal current. Hencel, is a sum of the currents in the four
was designed and built[3]. In this paper, the design and thfiadrants, i.e.; = I + I, + I5 + 14, wherel; through
bench test results of the prototype beam position/current are the currents flowing in the four quadrants, respec-

1)

monitor are presented. tively. Instead of measuring an exact current distribution as
a function off, the beam positiofr, ¢) can be determined
2 BASIC PRINCIPLE by measurement af; throughly, based on the following

: - - . two equations:
The basic principle of a resistive beam position/current

monitor is quite simple. When a charged particle beam
propagates in a conducting tube, an image current is in-2(r/R) cos(¢) ; (L +1y— I — I3 5
duced on the inner surface of the tube. If the currentis "1 — (7/R) an {5 ([1 L+ s+ ]4)] » ()
a little off-(?entered from the geometrlcal axis, the image o,/ R) sin( ) x (I 41y —Is— I,
current is induced nonuniformly in the azimuthal direc- To0/RE tan {5 <I1 L1 L +I4)} )
tion. The azimuthal current distribution is determined by
the position of the beam. Therefore, the position can be To measure the current in each quadrant, there are two
determined by measurement of the azimuthal current digyays, i.e., a capacitive method[5] and a resistive method.
tribution. Figure 1 shows a schematic diagram to explaifor faster response, the resistive method is employed in our
the basic principle. As shown in the figure, the conductcase. In other words, the conducting tube is split into two
ing tube is divided into four quadrants. Suppose that a thigieces and resistors are uniformly distributed around the
“This work was supported by the U.S. Department of Energy. gap between the two conducting tu_bes. Resistors in each
t Present address: Department of Physics and Astronomy, UCLA, L&uadrant are electrically connected in parallel, and the cur-
Angeles, CA 90095, USA. rentin each quadrant is measured to determine the position

¢
2
¢
2

0-7803-4376-X/98/$10.00 [J 1998 IEEE 2143



and total current. In the next section, the detailed desigrording to Eq. (1). Figure 3 shows the measured signals
parameters and the bench test results of a prototype are pim the first quadrant when the conducting rod is at
sented. O0mm,r =1.43mmy =2.63 mm, ana =4.75 mm, respec-
tively, with a constant angle af = 45°. As expected, the
3 DESIGN AND BENCH TEST OF A PROTOTYPE  top trace is almost flat, but other traces show larger over-
POSITION/CURRENT MONITOR shoots as the rod is moved away from the axis in the first
quadrant. The large overshoots decay to flat signals after
about 15 ns. The reason for this is that the resistors with a
A prototype resistive position/current monitor was definite resistance are distributed around the conducting pipes
signed and built, based on the principle given in Section &0 that an initial nonuniform potential around the circum-
It consists of two stainless-steel tubes with an inner diamderence of the conducting tube becomes uniform after some
ter of 30.5 mm and a ceramic insulator of 6.4 mm in widthtime. Therefore, the four signals in Figure 3 have almost
The two conducting tubes are brazed with the ceramic inhe same amplitude of about 63.5 mV after about 15 ns,
sulator for high vacuum sealing. The total length of thevhich is close to the expected value of 62.5 mV. If these
monitor is 6.1 cm, including two flanges at both ends. 3%oltages are converted into currents, the current in the con-
low-inductance carbon resistors are uniformly distributeducting rod is calculated as 101.6 mA, which is very close
around the ceramic insulator and 8 resistors in each quad-the setup current 100 mA. Hence, this device gives an
rant are connected to a common BNC cable. Each resistecurate total current.
has 20(), so each quadrant has 25 With these param-
eters, a voltage drop from each quadrant is expected to be 20
62.5 mV if the beam currentis 100 mA. The expected volt- -
age 62.5 mV is large enough to measure with high accu- 0 —

3.1 Design

racy.
3.2 Bench Test Results 220 ————
Figure 2 shows the experimental setup to test the prototy® T

beam position/current monitor. As shown in the figure, the} 40 —|
position/current monitor is connected with two additional2®
conducting tubes at both ends, and a currentin a conducti

rod is used to simulate a beam current. The conducting ragl -0
has a diameter of 12.7 mm so that the coaxial structure h&s .
an approximate transmission impedance of5@\ square =
pulse with a voltage of 5 V and a duration of 50 ns is sent
to the setup for test of the monitor. In this case, the current
in the conducting rod is 100 mA. To avoid a reflection from  -100 —
the end of the system, a SDterminator is connected at the
end, as shown in the figure.
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Pulse N m | 0 Figure 3: Signals from the first quadrant when the con-
Generator N Coramic #3035 My 15 7 ducting rod is positioned at = 0, 1.43, 2.63, 4.75 mm,
. . . o
Sy [\ " X T respectively for a fixed azimuthal angbe= 45°.
- o= T The signals obtained from the four quadrants are ana-

50Q Terminator

lyzed to yield the information about the conducting rod po-
sition. Figure 4 shows the measurement result for a fixed
Figure 2: Bench-test setup of the resistive position/currefit= 45°. In this case, the conducting rod is positioned at
monitor. r=0mm, 1.43 mm, 2.63 mm, and 4.75 mm, respectively.
Figure 4(a) shows a comparison between the setup radii

If the conducting rod is exactly on the axis, signals fromand the measured radii. Deviation from the straight dot-
the four quadrants yield almost the same square pulsdsd line implies the difference between setup and measure-
However, if the conducting rod is a little off-centered to-ment. According to the graph, their difference is equal to
wards the first quadrant, for example, the signals from ther less than 0.46 mm. Figure 4(b) shows a comparison be-
four quadrants are different. The signal from the first quadween the setup azimuthal angle= 45° and the measured
rant will be larger than signals from other quadrants, aangles.
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Figure 4: (a) Comparison of measured radii with setup radl
for fixed ¢ = 45°. (b) Comparison of azimuthal angle mea-
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Figure 5: (a) Comparison of measured radii with setup radii

surement with a setup angle for different radii in Fig. 4(a).

Similar comparisons are done for different angles. Th

case forg = 90° is shown in Figure 5. Figure 5(a) shows
that all data points are distributed close to the straight dot- 3533 293 (1996).

ted line within 0.35 mm in radial direction. An angular
comparison is shown in Figure 5(b), where the data poin

are distributed from 85to 9C°.
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