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Bringing the Synchrotron Light Out of the Ring 

The SLAC storage riw SPEAR, emits up to 150 kW per 
beam of synchrotron radiation. The power density on com- 
ponents inside the ring reaches 1 kW per cm2, so transpnr- 
ent vrindows struck directly by the synchrotron radiation are 
out of the question. Only 3 x 10T4 of the total radiated power 
is visible light at 1. .5 GeV. This power can be absorbed 
before the iight passes through a window by having the radi- 
ation strike a metal mirror from which the visible light is 
reilected and in which the s-rays are absorbed. 

We then face the problem of thermal deformation of the 
mirror. The x-ray power is concentrated in an angular 
cone of approximately 0.2 mrad width in the vertical plane, 
while the risible light has a divergence of 4 mrnd. A slot 
in the mirror would pass the x-rays, and avoid most of the 
heating problems, but this is relatively impractical for a 
fixed mirror, since the vertical position of the beam is 
uncertain. 

Mirror Deformations 

A thermal-mechanical analysis’ and experiments with 
electron heams show that deformation of a thick metal 
mirror suriace is quite localized, for small-spot heating 
so there is only a small bad spot on the mirror surface. 

A quality factor for different metals under dynamic 
deformation, is 

Q = k/l(l+v) a 

where v is the Poisson ratio, N is the coefficient of thermal- 
exzjansion, and k is the thermal-conductivity. The deforma- 
tion is inversely proportional to the Q factor. Setting the Q 
for Cu = 1, the values for metals between O°C and 300°C are 

Be = .44 

cu -1 

Invar** = .055 

We also obeervcd permanent deformations in mirror sur- 
faces subjected to small soot heating. These effects were 
rsljrci3iiY bad in copper &rors, 

,. 
which \I;e rejected LOO this 

:‘t’ason. It seems that one must use metals which are \-cr~- 
hard to avoid permanent deformation, Figure 1 +OV~ 
permanent dtformntions in an InvaT, mirror subjected to spot 
l,o~.cr den:;itii, til - .;OC wntts,‘cm-. 

Mirror and Windou 

In order lo rc~ducc the power into the synchrotron light 
mirror, there ir :L w:~tc~rcool(~tl vertical slit co1 limator T.vitll 
a n-i&h oi 1 mm in front of the mirror. The collimator is 
the defining horixontal ;~perturc of the optical system. The 
mirror is n;:~dc of Invar, anrl has a pal ishcd, unplatetl SL~F 

~LCC 30 mm :; 20 nun (Fig. 2). The mirror is clamped on to 
:I u:atercooletl mount, ratker than lktvirg cooli no tubcls 
attached ti: it. This allo:~s pas)’ mirror changes and sim- 
pliiies the manufacture of the mirror. Ah2Y :Ilmost ;t year 

IJI si’EAR opcratlon, \vith s> nchrotrcin light l~o\vc’r into the 

+LVOrli ~UppOd(:tl I>>- the c’. S. Atomic Energy Commission. 

‘*Invar is a proprittilry alloy approsimately X’, Xi, 6.1:; PC. 

mirror reaching 10 watts, there has been no degradation of the 
beam image due to permanent deformation, and no mirror 
darkening. 

The window is polished, fused uartz which produces a 
wavefront distortion ~11’4 h at GO00 “x 

Alignment 

The ideal central orbit of the storage ring lies m a plane 
perpendicular to the direction of gravity, so it is simple to 
align the optical axis of the instrument horizontally with 
bubble levels. There are stainless steel reflecting targets 
on the floor of the vacuum chamber just below the calculated 
nosition of the beam image. The target (Fig. 3) has two 
diffuse-finish segments which reflect light back towards a 
source, and a central polished ramp which reflects the light 
up and away from the source. 

The line of sight passes through the center of the colli- 
mator in front of the Invar mirror and is centered on the 
dark space between the reflecting segments. 

Although the pre-alignment techniques helped a great 
deal, it was still necessary to do a final toucl~p of a&n- 
ment, with a stored beam, by remote control. 

Television and Scanner *stem 

The magnification of the optical system is 1. The 
objective lens is a two-element telescope nchromat with a 
focal length of 1.22 m. 

The central point of the beam seen through an aperture 
looking at the synchrotron light is the emission point. As 
the orbit moves transversely in a bending mngnet (due to 
orbit distortions, etc.), the emission point moves tinily. 2 
One may calculate the angle of the line of emission points 
with respect to the ‘zxis of the optical system (Fig. 1). In 
SPEAR this anele is 10.2’. If the beam is imaged through 
a 1:l magnificltion system and the axial motion 2 is much 
less than the object to lens distance, Q, the image of the 
emission point will follow a line parallel to the line of emis- 
sion points. The whole image-detecting system, including 
television and scanners, is mounted on a motor driL.-en stage 
which is aligned so that it follow-s the image of the line of 
emission points. Once the optical system is properl) 
ali;?:l:ecl, the beam ima” m uL is f0custd by cti;tering it liGr&,C,& 
tally, thus setting the proper Z distance. 

Optical Beam Splitters-Pcllicles 

Straight section space is al~+~ys scarce, :lnd the 5;;n- 
chrotron light ports in SPEAR are expensive; therefore, 
there is onlv one optical port for inch beam, and the lisht 
must be divided man!’ ~vays. For Islam sl)litters :vc USC 

pellicles, commercially ar;ailable devices, *‘* consistinK of 
coated, thin plastic fiims htr~tched over 1’1at frnmcs. 
Pellicl~s are so thin that th(x! cnuhe uc, ~ncasurablt distortion 
or displaeemcnt in thus 11,:unsr11 ittc,d light lieam, at;d hn~:e no 
chromatic al)crrution. 

Tclc\ision 5, ,~teni 

Ten percent of the light reaching the mcl\able SC%< i> 
rcflcctetl by a pellicle into the telc\~ision s>,htc,m. Fo1 

’ 7 ‘hlntle 1,~ ?;ational IJhotucolo~ C0rlwtxtion, 8Ko. .Sol,??nll,, 
Connecticut and ot!lers. 
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attenuation of the light, there are three, separately actuated, 
thin, Del&in neutral-density filters, having transmissions 

“I of lo- 10-2 and 10-h. Thus, there are seven steps of 
attenu&on fr;m 10-l to 10-7, 

The beam image is refocused by an f/l. 2 55 mm lens 
for the television vidicon. The illuminated dimension grid 
visible in Fig. 5 is optically added to the beam image with 
a pellicle (Fig. 6). 

Scanning Sy s tern 

In order to produce an electronic signal which gives 
beam shape and dimensions, the beam image is scanned 
horizontally and vertically over stationary slits with an 
oscillating mirror. The scan is sinusoidal instead of linear, 
but this causes only small inaccuracies as long as the am- 
plitude of the scan is greater than 2 times the width of the 
scanned image. Also, the electronic signal is displayed on 
an oscilloscope whose horizontal drive is a sinusoidal signal 
synchronized with the mirror. 

The oscillating mirror assembly, the scanner, is a 
commercial device* often used for chopping light beams and 
for photometry. Figure 7 shows the scanner. The mirrors 
are 30 mm x 30 mm; the stiff wire supports act as torsional 
springs, and the mirrors oscillate torsionally at 100 Hz. 
The two mirrors oscillate NO0 out of phase so that very 
little vibration is transmitted to the base. The oscillatory 
motion is picked up with a variable-reluctance system and 
a drive signal is fed in through a separate coil. A phase- 
locked loop drives the mirrors and is locked in on the pickup 
signal. 3 The time stability of this scanning system from one 
scan to another is better than 2 psec in 10 msec. The accu- 
racy of the measurements was limited by the stability of the 
phase-locked loop. 

Both mirrors of the scanner are used, one for horizon- 
tal beam shape and the other for vertical. The light beam is 
split into two equal parts by a pellicle. One beam is 
reflected from one scanner mirror, then goes to a 1 mm 
vertical slit; this is the horizontal scanning slit. The other 
beam passes through a 90’ image rotator (an arrangement of 
mirrors which is identical in action to a Dove prism), re- 
flects from the second scanner mirror, then goes to a 
0.1 mm slit. This is the vertical scanning slit. The verti- 
cal slit is rotatable in angle + 20’ by remote control so that 
the aivis of the slit can be aligned parallel to the horizontal 
axis of the beam image. 

The light from each slit is collected by a lens, diffused 
and Li-uugiit tu a 10-stage photemultiplicr, which produces 
the output signal. 

In order to calibrate beam sizes derived from the 
scanned signals, it is ncceesnry to measure the angular 
saing of the mirror. 4 separate optical calibration system 
is used on each mirror (Fig. ,?j. A lamp with a single, 
straii;ht filament is the Iine source, The source is imaged 
rtith a lens, throug-h the scanning mirror onto a calibration 
grid, \l;l:ich ILLS a series of transparent slits parallel to the 
image of Ihe line source. The distance from the mirror to 
the grid is the same as the distance from the mirror to the 
scanning slits. When the mirror scans, the photodiode gives 
out 3 train of pulses ivhich correspond to distance scanned. 
Thrsc pulses can be electronically combined with the scanned 
I)rnm signal (Fig. 9). 

EiilIih Len, 3!1 ~!c2.5aren:e”t .^_- 

B~!ncli-lc~rig-th mensurenlcnts arc nintle with a v:~cuum 
i~holodiotli lookin;: at the intensity mcidulation of the H) nclu-o- 
iron light. At t!lc 1971 U~nfcrencc, I rrported-1 on :t fast 

“Xlnclc~ by American Time Products-Bulovn, 1~ootlsitle, N. Y’. 

monitor which was to measure bunch length, and two of these 
devices were installed in SPEAR. Unfortunately, these de- 
vices failed because they were placed quite close to the cir- 
culating beam, and the strong radiofrequency fields of the 
beam penetrated the shielding of the monitor, causing exces- 
sive interference. We use a planar photodiode** with a 
photocathode diameter of 3 cm and a cathode-anode spacing 
of 6.35 mm, operated at 3 1V. The diode is mounted (Fig 
(Fig. 10) in the end of a section of 7.6 cm diameter coaxial 
transmission line. A bypass capacitor is made in the outer 
conductor by putting 0.1 mm of Mylar between two flanges. 
The high voltage circuit is completed with a piece of graphite- 
coated paper from the low voltage side of the outer conduc- 
tor to tne center conductor, 

The bunch length signal is transmitted back to the con- 
trol room on 100 m of 5 cm diameter coaxial cable, where it 
is observed with a sampling oscilloscope (risetime = 90 ps). 
The time resolution of the system is estimated to be -350 ps 
FWHM, and there is no measurable ringing or interference 
(Fig. 11). 

Photometric Measurements 

Photometric devices are used to measure circulating 
beam currents, and also as the most sensitive method of 
detecting stored beam. 

A pellicle reflects out 10% of the light before the light 
reaches any other device, into the photometric system. Part 
of the light is diffused, and falls on a 3 cm diameter silicon 
photocell, which is operated with zero-bias and looks into a 
virtual short circuit. J The output current of each cell is 
read by a digital voltmeter, and calibrated against a dc cur- 
rent transformer. The system has a working accuracy of 
f 2%. 

Part of the light goes to a l&stage photomultiplier. 
This tube is sensitive enough so that one sees an injected 
electron bunch executing a single turn; this signal is very 
useful in the early stages of storing a beam. When the beam 
is spilling around the ring, there are false signals due to 
Cerenkov radiation in the photomultiplier window. The false 
signals have been suppressed by shielding the tubes with 
5 cm of lead. There is a remote control shutter in front of 
the whole synchrotron light apparatus, and this is most 
useful in distinguishing false signals from real ones, in all 
devices. 
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DEFORMED SPOT 

FIG. l--1nterferogram of permanent deformation in a 
thick Invar mirror which has been subjected 
to spot heating. h = 6328 A. 

LIGHT-SCATTERED 

FIG. 3--Alignment target. FIG. 4--Imaging system. 
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FIG. 2--Synchrotron light mirror. The neck between 
the mounting holes and the body of the mirror 
prevents the propagation of clamping stresses. 
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FIG. S--Stored beams on the television screen. 
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FIG. (j--Optical system for producing illuminated 
dimension glid. 



MIRRORS 
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FIG. 7--Torsional scanner. 

I-- 5mm-4 21>4*10 

FIG. g--Scanned horizontal beam profile and calibrator 
pulses. 
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FIG. 8--Mirror calibrator optical system. 
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FIG. lo--Fast photodiode mount. 
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FIG. 11--A bunch length measurement plotted by an 
X-Y recorder. 
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