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MORITORING OF THE SIAHFOBD LIEMZ MICROBUXCHES" PosTTION"

Jo~C. Denaxd®, 6. Oxoby,

MASIER

A new bardware has been devaloped to measure the
traj y of sicrobunches along the Stanford Linac.
To be auitable for the operation of the SLAC Single Pass
Collider, tha bunches abhsolute positiot must be kepr
within *10D0 microns of the aecelerator center, and the
acquisition of this measurement must be made alomg the
n? pachine in a snapshot fashion. Typically, the position
. of thrae bunches will be monitored during subsequent
shots} we expect a sdnimm charge of 107 particles per
bunch and a time spacing between bunches of 50 nano—
seconde. The mechanice of the position detectors is
described as well as the general system organization
and the calibration of varicus .omponents.

1, Summary

One of the most exacting requirements of the Linear
Collider project! is that the beams trajectories be
rigoreusly centared along the linear accelerator as well
an along the two collider arcs. A beam position detec~
tor system has baen developed and is in the process of
installaticen along the first thizd of the accelerator.
The pick-up stations are situated epproximately every
10 macars, and are an integral part of the focusing
syatem, Tha beam pulse processing is done in the
gallery above the accelerator, three monitors being
“rond" simultaneously, To this effect the cables con-
necting the pick=up slectrodes to the electronies have
bean arranged in groups of three lengths such that the
beam signals of three consecutive stations be enabled
by the same saloetion gate.

The goal of this measurement is to be able to track
tho boams aleng the whole machine within <100 um or
better, BSinca the vacuum chamber radius is 10 mm one
can expact a requirement for measuring with a precision
of the order of 1 percent. Further, to relieve the
tight tolerances on the fabrication of the monitors,
these are evaluated In the laboratory and an adjustment
of the alectrodes position is made that brings the moni~
tor alactrical canter within the desired specifications.
Also, for the purpose of eliminating various effects
that would lead to errors comparable or larger than our
absolutyu position error, the connecting cables to the
olactronics have been matched for identical impulse
resporse and the processing electronics includes a
enlibracion mode of operation.

2. Honitor Construction .and Geometry

A sketch of the sonitor peometry fs showm at the
taop of Fig, 1. The monitor tube is machined to precise
dimensions £o0 as to fic snwgly into the quadrupoles’
bore, Tha four aleetrodes are 50 2, stainless steel
astrips with a wideh of 4 om, and a wall separation of
1 mn; they are shortecircuited at the downstream end
sinee this is nechanically convenfient and Las no direct
aeffect on the upstresm signal. It has been considered
at ona time to build the menitors with strip lengths of
10,7 em (the RF wavelangth at S-hand) to eliminate posai-
bls coupling to the accelerating fields. Xo significant
amount of power, howaver, was found with the present
alectrode lengths of 12 cm, so the general rule has been
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Fig. 1. Strip line position monitor and reflectometer
output of one electrode,

to make the strips as long as possible, Figure 1 indi=-
cates a reflectometer waveform such as the onas we have
used for matching the four strip impedances. Once the
impedances are matched within 1 or 2X, a se.ond test is
carried out which involves a measurement of the strip
responses to a narrow pulse (typlcally 300=-R00 ps) pro=-
pagating along a rod threading the moni{tora. The effect
of the rod not being perfectly centered or showing a
slight bow was removed by repeating the measurement,
rotaring the monitor in steps of 90° and gveraging the
results. The detection circuiet for this measuremant
includes the same input filter as the processing elec~
tronice of the actual beam signal,

3. (Coaxial Cable Responsc to SLC Bunches; Filtering

Long, dispersive coaxial lines have very pradictable
impulse responses. In Ref. 2 it is shown that a very
good approximation for the impulse response of a liae,
taking into account skin effect but meplecting dislectric R
losses, is givem by:

h(e) = /Efm 32 B/t tr0

8 is determined from the total cable attenuvation A {i8)
and the frequency (Hr) at which A is quoted, through

the relatiom:
2
1 WSTRISUTION DOCUMENT DULEWTED
71?[ 2 : 8.6] b e > N

In Fig. 2, we plot h(c) ~ h(t—lto) for a 30 meter
1ine, the longest run we have used, where t, is the
electrical lemgth of the strips. In Fig, 3, we show
the response of the same electrode and coaxiel ling to
an SLC bunch of 4 nanuCoulowbs and a 0 of approximately
1 wm, If ome assumes that one-tenth of the beam chargs
flows into the etectrode circuit (25 ) one obtains an
impulse area of 10 1077 Volt xsec, Multiplying the
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Tig. 2. Calculated rosponse of @ lossy cable to the
output of a scrip iine, for very short bunches, The
vertical scale yields “¥olts” when multiplied by the
proper inpulse arca.
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Fig. ). Response of 4 conitor electrode and
eable ts a 2 mm bunch wf & paneCoulombs.
Cable type: RG 223, length 30 m.

peak of the curve of Fig, 2 by this impulse one gets a
peak ontput veltage of 3,7 V3 we marsured a little over

4 Voltg, and we ronclude that agreoment is reasonably
gocd, To Insure that the response to one bunch wiil be
suf ficiently damped at the time of arvcival of the second
bunch, the filter selerted is sesigned to have a Gaussian
i=pulse response.’  S.er types of networks would achieve
this function, particelarly filters with maximally-{lac
delay., Apgmximatlng the filter response as [N D)
axp(~t=/212) with "a” the impulse arce, the extrema of
the filter response to the strip llee output are found
T be

. a 2I°
fine vt

@ varfation inversely praportional to the square of the
stretehing, Our design should gllw rcasonable mpasure-
ments with heams of av least 107 particles or 0.16 nano-
Coulomb. This yiclds pairs of impulses wirth am acea of
0.4 = 1079 volr « sec at cach electyode, and with 2>
0.8 ns and 1 =7.5 n3a we get for the minimup peak sipnal
to be processed l.4 V.

4, Strip Lincs or Scal irive Electrodes

We have wondered whechar small electrodes could nox
accomplish the same function as strip lines and produce
a signal of equivalent strength, in the pass-band of the
f{lter. WUe compared the signal obtained from a stxip
line o. clectrical length ty, with the outeut of a small

electrode of identical cross section, and terminated
wicth the same coaxial line such as to guffer a differ-
enciacian vith tive constant At,.

We found that the low [requamcy spdttig ¥ré dep—
cribed by sin nut, for the cass of the sirip Iivesy ond
nudt for the small capacitive electrodé. “This simpls .
result indicates chat if the capacitive electrode has a
dimension comparable to the bunch length, and 1f the
strip line extends ovar many bunch lengths, the gain of
one system compared to the other will be ty/ac. For
millimeter bunches there appears to be an advantage im
using strip lines instead of small electrodes.

5. Processing Electronics

The scheme elected for the measurement of the beam
position (Fig. 4) conafsts in digitizing the pesk of the
filter output Eor each electrode, and to form the proper
differences and nortwlizstion with the computer. The
four amplifier chains must therefore be matched to 15
they include a PIN diode, transformer-coupled -cteuutﬁ
which allows covering the dynaméc runge of 107 to 5x10
particles per bunch and 15 also used to reverse the
signal polarity vhen measuring the position of the ¢*
bunch. A ecalfbration pulss generacor produces a 2 ns
bipolar wvaveforn whith is injected fu each chamnel Ior
measuring its gain at various attémuation settings, and
both polarities,
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Fig. %. Block diagram of the posticion monitor

electronics.

The acquisition of the analog zignal is done with
a track-and-hold circuit (hote=carriec diode bridge)
triggezed with the fast sum signal. A rypicel slewing
characteristic for this cfrcult is shown on Fig. 5.
The track-and-hold waveform is ghown on Fig. 6. Tha
four channel digital conversions are corpleted in
25 psec upon receiving the first beam gute following
a CAMAC CLEAR or after READING of the fourth channel,
In addition to the READ ADCa' or DACs' and WRITE func-
tion cudes, other functions include the contral of the
trigger for a pedestal messurement, and the trigger of
the calibration pulse geneTator,

6. Sope Resulis

The processing dlectranics has been tested in the
laboratory by applying four equal bi-polar pulses at the
inputs and varying their amplitude to simulate beam ia-
tensities of 107 to 1030 particles. Eachk channel output
wam corrected by the subtracticon of ics pedestal offsat
and the calibration of 1ts gain. The plots of Fig. 7
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Fig. 3» Multiple exposure of tha beam

derived trigger with the Ipput attenuated
by 1.0, 0.5, 0.2, 0.1, 0.05, 0.02, 0.01.
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¥1g. 6. Track-and-hold output in che
twe modes, "Track” or “Hold™.
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Fig. 7. Laboratory test results of fout pre~produc-
tion modulos. The horianntal scale i8 the beam in-
tensicy in 4B balow 101V particles, the vertical
gcile 15 1in microns.

show the equivalaat electrical center variation for four
such eircuits; each point is the averags of 100 tost
pulses, and the coordinates are referred to a monitor
of 10 mn radiuss The equivalent noise WAs meagured to
be 7 wn for bunches of 1010 particles; ft increases in
inverae praportion with the beam intensity becsuse of
the nornmalization process.

To date this electronics is operated temporarily
with a minicomputer to track the SLC bsam in the LINAC
to Damping Ring transfer line, Figure 8 showz one of
the initial andp shots of the bedm position as well as
the transnission loss alomg the tronsfer line.
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Fige 8. Beam position (=) and trans—
missfon (arbltrary units) along the Linac
to Damping Ring trans{er line at turn on.

7. Conclugion

We wouvi'. 2ike to make several improvements on this
civcuit so0 am T0 be able to fabricate & large number of
them ani spand & minicur of tice testing them, It
appeats that we could obtain a good electrical center
zero with less difficvlty if we used hybrid juncrions;
the advantage would be that the circuit nonlinearities
would infl the ement of the off-axis beams
enly, We pla: also to improve the calibracion procedure
by using the beam pulse itself as a calibration pulse.
The input filters, also, are difficulec to match in pairs
and costly to fabricate; a printed eireuit version is
being developed,

Among the Many contributors te this project we
would like to name a few, some for their constructive
eriticism, othars for their stimulation and suggestiens,
and all of them for their dedicated effort:

M. Breidenmbach, J. Fox, R. Melen, R, Noriega,
A. Nutzall, V. R, Smith, W. B. Smith, R. Stiening, the
CID group. Thanks to all.
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DISCLAIMER

This repori was prepared as an account of work sponsores by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise docs not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
teflect those of the United States Government or any agency thereofl.



