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AN ELECTRON BEAM SPECTRUM MONITOR USING SYNCHROTRON LIGHT* 
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Is confined within an angular interval ±XQ» where 
This instrument shows the positions, widths, and 

shapes of momentum spectra of SLAC beams. It uses 
synchrotron light produced when the beam is deflected 
by a magnet. Some of the light is focused on the face 
of an image splitter consisting of acrylic light pipes. 
The light pipes illuminate twelve photomultiplier 
tubes. Pulses from the PM tubes are Integrated, multi
plexed, and displayed on an oscilloscope. The resolu
tion of the instrument is usually better than 0.22. It 
has some advantages over the secondary emitter foil 
spectrum monitors (SEM's) currently in use at SLAC. It 
need never be put out of service to avoid disturbing 
the beam. It Is as s msltive as the most sensitive 
SLAC SEM. (Its performance has been optimized for 
high-current beams; it can easily be made much more 
sensitive.) It provides information on a pulse-Ca-
pulse basis and, with better cables, could indicate 
electron beam pulse shapes. 

Introduction 
When a relativistic electron beam is deflected by 

a magnet it produces synchrotron light.*i2,3 i n many 
places at SLAC the light is bright enough to be observ
able by means of closed circuit television even at very 
low oeam current levels, and has been used for monitor
ing beam profiles (Ref. 4, p. 660; Ref. 5). SLAC elec
tron and positron beam momentum spectra are ordinarily 
observed by meanB of secondary emission monitors (Ref. 
4, p. 669). In passing through ths aluminum foils of 
these instruments, the beam produces secondary elec
trons and X-rays. Since this contamination is intoler
able for certain experiments performed in end station 
"A", a spectrum monitor has been developed which uses 
synchrotron light. 

The Light Source 
The monitor is installed some 10 m downstream of 

the B13 bending magnet in the SLAC "A" line (Ref 4, 
p. 586). It makes use of a previously existing '• acuum 
pipe junction which has been modified to serve as a 
viewing port. The port constrains th~ light path so 
that the central ray originates ~0.5 m upstream from 
the center of the magnet. In this location, the elec
tron beam is dispersed horizontally by about 3.3 cm for 
a 1% spread in beam momentum and a monoenergetic beam 
would produce a spot 4 mm wide or less. The apparent 
horizontal angular size of the arc of an electron orbit 
In B13, as viewed from the direction of the monitor, is 
limited by the horizontal angular distribution of the 
synchrotron light. The width of the light cone which 
is produced by a small local increment of magnetic de
flection may be estimated using Schwinger's equation 
11.31,- by Integrating over x and taking averages of 
the resulting P(if>,x,u) over intervals of 2TI in the 
function F, where 

F = ( l - 0 z + 4 (JtR/A)(x+xJ/3) 

8 = v/c, î  Is vertical angle, R is electron bending 
radius, X is light wavelength, x = (1 - 0 2 + V» 2) - 1' 2X> and 
X is horizr -tal angle, measured from the tangent to 
the electron orbit. For visible light (Ao>0.4 urn), 
produced in B13 (R«*57 m ) , the averaged function 
<P(*»X»u)> is peaked at x * 0 , and half the light power 
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2 X 0 ~ ( 4 / T F ) r(l/3)(3X/nR) 1 / 3~6 mrad . 

For jx| » XQ the intensity decreases as l/x§ (Ref. 6). 
If one compares the full widths containing half the 
visible light power, the horizontal (x) width of the 
"light cone" is thus ~5 times the vertical (i|<) width, 
which is ~d\fU-nK)il'i~l,2 rarad (Ref. 2, p. 9). In B13 
an electron orbit remains within ±3 mrad of the line of 
flight to the monitor for ~.34 m of its path. The sagit-
ta of this arc is —0.3 mm, which corresponds to the dis
tance between two electron orbits which differ in 
momentum by M),01%. 

The Light Path 
The light path (see Fig. 1) has been arranged to 

minimize the effects of radiation damage on the perfor
mance of the monitor. Some 9 meters downstream from the 
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Fig. 1. Top and side views, not to scale. (A) bending 
magnet, (B) electron orbit, (C) light ray, (D) upper 
mirror, (E) lower mirror, (F) objective lens, (G) eye
piece or projection lens, (H) image splitter, (J) pho-
toraultiplier tube (typical). 

source, an alumlnlzed copper mirror reflects the light 
down a 1.5 meter long vertical vacuum pipe from which 
the light emerges through a fused silica window. The 
light is then again reflected into a horizontal path by 
a first surface glass mirror. 

An image of the light source is produced on the 
entrance face of the image splitter by a pair of posi
tive lenses which are arranged in a manner similar to 
thr.t used in making an image of the sun by eyepiece 
projection upon a screen with a small telescope or mon
ocular. The 193 mm f/3-7 primary lens makes a real 
image in space which is refocused upon the face of the 
image splitter by a 12 mm eyepiece lens. The system 
accommodates a 3.6% beam momentum spectrum interval 
which is "12 cm wide at the light source, and appears 
to be -4 cm wide at the face of the image splitter. 
Only a portion of an electron orbit is well focused. 
As has been indicated above, electrons radiate reduced 
amounts of light in the direction of the monitor as 
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they travel the parts of their orbits which arc more 
than *-. 17 a upstream or downstream fr^n the point at 
which the orbit is tangent to Che monitor's line of 
sight. Light originating .17 m from the focal plinc 
in BI3 is defocused into a -. 3 tea diameter circle ac 
the image splitter face. The size of this circle is 
proportional to the diameter of the objective lens, 
and corresponds (full width) to Ap/p*-.03Z in the elec
tron momentum spectrum. 

The image splitter :onsists of 12 strips of clear 
polished acrylic pinttic, separated by aluminum foils, 
clamped tosether at one end. where they present their 
end surfaces at an image plane of the lens systea. 
Each strip has been heated <tnd bent into a gentle 
curve, and is clamped at .Its oth-ir end to the input 
window of a type 931A ph.-ifnmultiplier tube. Light is 
transmitted along the "light pipes" by total internal 
reflection. The strips are 2.5 cm wide and are made 
of 1/4, 1/8, 1/16, and 1/32 inch thick acrylic stock, 
so that the spectrum intervals are approximately 
8,4,2,2,1,1,1,1,2,2,4, and B units wide, ea.:h unit 
representing ap/p^O.lZ. The intent is to natch the 
display format of the previously existing secondary 
emission foil spectrum monitors (Ref. 4, p. 669). 

The Electrical Circuits 
It was anticipated that the synchrotron light 

would usually be very bright. The photomultipller 
(PM) voltage dividers are consequently proportioned 
(see Fig. 2) to accommodate large anode currents and 
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Fig. 2. Photomultipller circuit proportioned 
for high peak current output. Values are in 
uF and kit. 

to remain nearly linear while delivering peak signals 
of a few volts to 50 ohm coaxial cables. The twelve 
voltage dividers are connected together at the number 
5 dynodes and led at this point from a nominally fixed 
600 volt power supply. Each PM cathode is connected 
to a common adjustable high voltage supply through an 
individual gain adjusting rheostat. The relative 
gains of the different PM tubes are adjusted using a 
pulsed light source. The adjustable high voltage sup
ply then serves as a common eain control to accommo
date changing conditions. 

The signals are brought through coaxial cables to 
a multiplexer, which integrates, holds, and scans the 
twelve signals at intervals of 100 us following each 
electron beam pulse. The scanned signal is displayed 
on an oscilloscope. The coaxial cables are -150 m 
long, and degrade the response of the transmitted 
pulses, so that the pulse risetime is -0.3 us. This 
has no harmful effect on the multiplexed display, but 

ll-tts the usefulness of the signals for the fixamina-
tton of electron bean fine structure. 

Alignment 
Most C the visible synchrotron light produced in 

the aagnct is confined within a vertical (v) angular 
range which Is about twice the full width raenf 'd 
above, of ~2.4 nrod (Pef. 2, p. 9). At a disL nc of 
!1 n, the light illumir«.tes a horizontal strip -'..6 en 
high- It is necessary to center the 5.2 cm diameter 
objective lena of the monitor upor this strip and to 
align the axis of the lens sysr*;m and beam splitter 
assembly along the line of slalt d: .ermined by a tan
gent to the central beam orbit and the mirror system. 
To do this, on observer watches the primary lens by 
sightinp through the bore of the bending magnet Bi3 
with binoculars while his partner shifts the direction 
of the vertical pipe and the position of the lower 
mirror until it appears that the area of the primary 
lens is bisected by the proper horizontal plane. Then 
an optical target; illuminated by a 600 watt projection 
limp, is placed In the synchrotron light source posi
tion in the magnet gap. The orientation of the lower 
nlrror ml the bean splitter and lens asjenbly are Lhen 
manipulated, and the focus is adjusted to form an image 
of the target at the image splitter input plane. A 
remotely controlled motor drive is provided for a final 
small angular adjustment of the lower mirror te center 
the spectrum in the multiplexed display under electron 
beam operating conditions. 

Radiation Damage 
The monitor was fi:vi operated with the beam 

splitter opticui axis vertical, and with a single mir
ror deflecting the light downward. In this configura
tion, in spite of a 20 en thick Pb shield just up
stream, the window and lenses became opaque from radia
tion damage after a few days of accelerator operation 
at high beam current levels. The radiation seems to 
come from both the upstream and downstream directions. 
In the present arrangement, with all the transparent 
optical parts near the floor, stacks cf lead bricks 
shield the components from radiation coming from sev
eral directions. It now appears that the monitor, 
which was refurbished last summer, will survive the 
radiation well enough to be useful until next summer's 
shutdown. 

Sensitivity 
With new lenses and a new window, it was found 

that the monitor would be useful with a beam current 
as low as 5 uA peak at 1.6 us pulse length. The limit 
on "sensitivity" was not noise, but was ti"* width of 
the trace on the oscilloscope, operated at 10 mV/cm. 
The usefulness of the display was comparable with that 
of the SPEAR injection beam line secondary emitter foil 
spectrum monitor operated at the same peak current at 
1 pps rate. The SPEAR monitor is the most sensitive 
foil monitor at SLAC. It would be easy to increase the 
sensitivity of the synchrotron light monitor by a large 
factor, if necessary, for example, by replacing the 
present 9 dynode PM tubes with 14 dynode ones. 

Resolution 
The resolution of the instrument is mainly gov

erned by the monoenergetic horizontal spot size of the 
electron beam as it passes through B13. The spoc size 
is limited In width by the acceptance of the acceler
ator to 4 mm, but can be smaller. This corresponds to 
0.13% up/p, which is comparable to the minimum observed 
spectrum width (Ref. 4, p. 86). Spectra observed with 
the monitor have upon occasion been confined entirely 
to 3 of the 0.1% slices making up the oscilloscope 
display. 
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