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Abstract 
A high-resolution luminescent screen beam profile monitor 

was developed to allow viewing of both conventional large di- 
ameter SLAC e+/e- beams, and also collider rf-bunches having 
small transverse spatial extent, with one instrument. The prin- 
cipal features of the monitor are described. They include the 
two-power magnification system offering magnifications of 12 
and 78X, respectively; the reticle grid which is optically super- 
imposed on the screen image by a cube beam splitter; selection 
of a suitable camera; and the A&O3(Cr) phosphor screen. A 
simplified version of the monitor for viewing of only micron- 
sized beams for applications in the collider arcs and final focus 
regions and achieving a magnification of -40X, coupled with 
a resolution of -2Opm is also presented. 

1. tioductb 

The transverse spatial extent of the positron and electron 
bunches in the Stanford Linear Collider (SLC) is expected to 
vary from several tens to hundreds of microns (pm) in the spe- 
cial insertion matching sections of the collider arcs and the final 
focti region. It is highly desirable to monitor, at least intermit- 
tently, the transverse profile, position and emittance of these 
micronsized beams in various locations of the SLC. Deviations 
from the norm in any of these parameters almost always result 
in emittance growth at the interaction point, and thus, loss 
of luminosity. An intercepting luminescent phosphor screen, 
while destructive in nature, can be a valuable complement to 
other non-destructive methods of beam monitoring if appre 
priately designed, and used intermittently. One area where 
beam diagnostics is especially important is in the linac-tearcs 
matching sections in the front end of the beam switchyard, 
i.e. after completion of acceleration and before beam insertion 
into the arc lattice. Since thii is a region where both conven- 
tional SLAC beams with large transverse dimensions as well 
as micronsized SLC beams can be transported, it appeared de- 
sirable to develop a beam profile monitor capable of satisfying 
both conditions with one instrument. Important design criteria 
were the dual magnification feature, compactness in beam ax- 
ial die&ion, moderate radiation hardness, high reliability due 
to limited accessibility and convertibility of the basic design to 
a single high-magnification instrument for use in other areas of 
the collider where only SLCbeams need to be monitored. 

2. Evolution of Design Concepts 

Several concepts were explored ln depth before the final 
design evolved. One of these included a tw-amera system, 
one for low power, and the other for high-power magnification. 
This approach proved to be costly due to elaborate hardware 
needs with questionable reliability in the radiation environ- 
ment; it was abandoned in favor of a single camera design. 
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The angle between the beam intercepting target screen and 
the beam, as well as that between the screen and the optical 
axis of the camera, received special scrutiny. Traditionally, a 
45’ angle had been used. This was a good compromise, and it 
offered sufficient depth of field for the low-power magnification 
optics needed to view millimeter- or centimer-sized beams. It 
was highly desirable for the new monitor to produce an image 
which could be viewed in correct perspective on a CRT mon- 
itor. A 45’ target image would have to be reduced along one 
axis by a factor of 1.414 for this to become reality. On the other 
hand, a 30’ target angle would require a reduction of only 1.155 
which could be accomplished by decreasing the scan height on 
existing monitors without the need for specialized hardware. 
Viewing the target at 90’ was a must for high-power magnifi- 
cation and resultant small depth of field. 

Another concept which received scrutiny WBS the placement 
of fiducials on the screen. Traditionally, such features, as well 
a~ identifying letters and numbers, were drawn, painted, silk- 
screened or otherwise applied directly onto the screen. In some 
cases, a mask overlay was added, or fine wires stretched over 
the screen and located by means of an array of precisely drilled, 
small diameter holes. Since micronsized beams can easily be 
hidden behind such fiducialz, it was decided early on to try 
and optically superimpose the fiducials and match them to the 
desired magnification. This can be accompli ihed via a cube 
beam splitter described in more detail below. 

The selection of an appropriate TV camera also received 
specific attention. The radiation environment in the beam 
switchyard calls for radiation hard cameras. They are very 
expensive, and past experience at SLAC showed that inexpen- 
sive non-radiation hardened vidicon-tube type cameras present 
a good economical solution, even though they need to be re- 
placed more often than hardened cameras. The decision was 
made to use an inexpensive camera and to design for easy re- 
placement. A vidicon-tube (RCA-TC2511) was selected over 
an Ultricon or Saticon type tube because of its excellent rest+ 
lution, good contrast and low light capability. 

3. The Monitor Design 

The final design is comprised of a TV camera, one lens, a 
cube beam splitter, a reticle grid, and the movable phosphor 
screen mounted in a vacuum chamber. The basic optical ar- 
rangement is shown in Fig. 1. They key to thii scheme is 
the movable lens which can be translated between two differ- 
ent foci. It, thus, provides the dual magnification feature for 
imaging either a large or a small target onto the vidicon tube. 
In both cases, the exposed area of the vidicon tube is constant. 
Since the lens is to perform both effective magnifications and 
reductions of 5at fields of view, an enlarging lens with sym- 
metrical optics was desirable. A Nicon 135mm f/5.6 enlarging 
lens was chosen because of good resolution, small size, and 
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Fig. 1 - - Optical Arrangement of Profile Monitor 

moderate cost. This focal length wss selected, because, in the 
high-power configuration, it yielded an optimal value of the 
modulation transfer function (MTF), and provided the desired 
field of view. It also achieved the desired resolution for both 
the low- and high-power magnification positions. 

The total depth of field is given by Dto: = D1 + Dz, where 
Dr and Dz are the depth of the far and near field, respectively. 
Utilizing the basic optical relationships, F = sM (M + l), 
where F is the effective focal length of the lens, s is the dis- 
tance from the lens to the point in focus, and M  is the lens 
magnification; and if c is the circle of finest resolution and f 
is the f-stop of the lens, then the following expression can be 
written: 

Dl= ’ 
1+ acf/F’ ’ 

Dz= ’ 
1- scj/F=’ 

After combining and simplifying, the equation for the total 
depth of focus becomes: 

Dtot = 2(M + l)F’M 
M’F’ - F’(M + 1)‘~~ j2’ 

Solving for c will readily yield the resolution of the system. 
The lens hss to shuttle between the high- and low-power 

positions. This is accomplished by means of precision-ground 
steel rods and recirculating ball bushings, which ensures accu- 
racy and low friction. Since the lens moves only between two 
5xed positions an air cylinder was chosen as prime mover over 
more expensive stepping motor/lead screw combinations. 

A reticle WBS designed, as shown in Fig. 2, to be superim- 
posed over the target image. This reticle consists of chromium 
lines of varying widths evaporated onto a quartz disc. The 
rectangles on the reticle will project M  squares when the reti- 
cle is tilted at 30’. Therefore, after superposition of the reticle 
onto the target via a cube beam splitter, the combined image 
has both the x and y axes scaled appropriately. To compen- 
sate for manufacturing tolerances the reticle is mounted in an 
assembly which allows adjustment of x and y positions, as well 
as the angle in the z-plane. 

CENTER DETAIL 

Fig. 2 - - Reticle Design 
Two-Power Magnification 

Two mirrors are used in the system (one in the x-plane, the 
other in the y-plane) to reorient the image before it reaches 
the vidicon pick-up tube so that the image appears in its cor- 
rect orientation on the CRT monitor. 

One of the most crucial parameters in determining the sys- 
tem resolution was the lens-t-target distance. It must be min- 
imized to guarantee accuracy. A special viewport was needed 
between the beam splitter and the target to reduce this dis- 
tance. A Bmm-thick sapphire window brazed into a covar re- 
entry port wbs used to hold the deflection due to the vacuum 
load to less than l/4 wavelength of mercury light. The whole 
assembly W M  mounted to a rigid base plate to assure dimen- 
sional stability and keep the optical components aligned when 
in service. The complete monitor assembly is shown in Fig. 3. 

TV Camera 

Fig. 3 - - Profile Monitor Assembly 

4. The Phosphor Screen 

The target material chosen is a chromium-activated A&O3 
phosphor screen produced by appropriately anodizing a 1/2mm 
thick aluminum plate. It is an improved SLAC version of a 
rcintillator screen originally developed elsewhere.’ 
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This material is highly radiation resistant, and numerous 
such screen6 were used at SLAC during the paat 12 years. 
Other phosphors which are commercially available in powder 
form, and which need to be either sprayed or 5oated with a 
vehicle onto a support screen, have poor adhesion, and make 
fragile targets. Af203(Cr), having been generated on the rup 
port foil, has excellent adhesion, and makes a rugged target. 

The light output is in the red part of the rpectrum (X 
-693 nm, Crz+ excitation lines), and is therefore not perfectly 
matched to the spectral response of the Vidicon peaked at 
-53Onrn. Furthermore, the response to electron beam inten- 
sity is linear over a wide range of currents. The l/ lmm plates 
are typically oxidized to -60% of their thickness. The rensitiv- 
ity of the best 6creens was measured to be -1 x 10’ e-/(cm2 
6ec). This guarantees more than adequate light output for all 
envisioned collider applications. 

One of the limits on resolution is dictated by the granular- 
ity of the screen material. The A&O3 film exhibit6 a rough, 
sandpaper-l ike surface. Typical “grain” sizes measured were 
50 to 1OOpm. Another limit is placed on the overall perfor- 
mance of the monitor by the temperature rise per bunch in 
the aluminum backing. For the expected collider single bunch 
intensity of 5 x 10” e+/e-, having gaussian distribution with 
ob = 25 pm, and normally incident on an aluminum foil (Tmc6 
= 659OC), the temperature rise is *525’C/bunch. Rotation of 
the screen relative to the incident beam direction reduce6 this 
value, but ob -2Opm is probably as small as can be tolerated 
for long-term exposure. 

The screen is remotely inserted into, and removed from, 
the passage of the beam by a means of a second air cylinder. 

5. Performance Specifications 

A final test of the optical components was performed. Af- 
ter setup, the optical apparatus was fine-tuned to maximize 
the resolution and image clarity. An optical resolution target 
was focused upon, and a video analyzer attached to the cam- 
era. The amplitude of various sets of images on the target was 
measured on an oscilloscope. From this data, the system MTF 
curve, shown in Fig. 4, was plotted. This curve define6 the 
capabilities of the system for different object sizes which are 
likely to be encountered in service. The following specifications 
further define the system’s performance capabilities: 
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Fig. 4 - - High-Power Modulation Transfer Function 

Limiting 
Resolution 

System 
Magnification 

(12” Monitor) 
Field of View 

High Power &w Pow= 
9.7pm 4Opm 
(2.5 TV-lines) (1.7 TV-lines) 

78X 12x 

3.61mm 22.6mm 

Overall, 700 TV lines define the monitor image. The e+/e- 
beam image6 to be viewed are large enough to clearly show 
beam shape and dispersion. The field widths are also large 
enough to capture the beam if it has rignificantly deviated 
from the nominal trajectory to which the monitor WB~ aligned. 

6. One Power Magnification Monitor 

Luminacent screen monitors are al60 contemplated for 
6ome location6 in the SLC arcs matching sections, and some re- 
gions of the final focus system. There, the need is for monitor- 
ing profile, emittance and position of only micronsized collider 
beams, and a simplified version of the instrument described 
above, offering only single magnification, will suffice. The as- 
sumed smallest transverse beam size to be monitored wss 2ob 
= 6Opm, and average size 266 5 100pm. The total beam stay 
clear region in these sections is 1 1 cm. 

A good compromise between performance and cost was 
found for a combination of the RCA-TC2511 camera with vidi- 
con tube, and a Schneider 8Omm f/5.6 Componon-S enlarging 
lens. This combination was found to be -. one-half the cost of 
the next best solution, and has a favorable MTF. The distance 
from the screen [A&Oz(Cr)] to the vidicon tube is 31.5 cm. 
The lens is fixed, and a reticle is, again, superimposed onto 
the target image by a cube beam splitter, 66 described above. 
The target is also rotated by 30” relative to the trajectory of 
the beam to be monitored. The following is a set of perfor- 
mance specifications: Limiting resolution -V30pm (8 TV lines; 
13 TV lines for 1OOpm); system magnification -39X (14 inch 
diagonal monitor); field of view 7.3mm; optical distance6 U = 
16.23 cm, and V = 15.78 cm; image size 2.34mm for 6Opm ob- 
ject, and 3.9mm for lOOtim object. The above are calculated 
values, and no prototype has been built yet. 
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