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In order to maintain collisions between two micron- 
size beams at the interaction point of the SLC, we take ad- 
varlt,agc of the mutual electroma.gnetic deflection induced 
by one beam on the other as they cross with a nonzero 
rel;lt.ive impact parameter. We determine simultaneously 
t,hr incoming and outgoing trajectory parameters of each 
1xu1l on a pulse-by-pulse basis, using beam position mon- 
itors located near the IP. Comparing incoming and outgo- 
ing angles for a given beam yields the magnitude of the 
tleflc~ct~ion t.he beam experienced during the collision from 
which the distance currently separating the two beams cali 
be cstrxted. A simple proportional control is applied to 
calculate the change in upstream corrector settings to null 
out t Iiis distance. 

INTRODUCTION 

‘1’1142 SLAC Linear Collider (SLC) is a novel acceler- 
ator produces e+e- collisions at center-of-mass energies 
arou~~tl the mass of the neutral intermediate vector boson 
%“. ‘I’he collisions occur between electrons and positrons 
produ~cd on every crossing, as opposed to being stored 
for au ostc~ndcd time as in electron-positron storage rings. 
llowcvc,r, since the accelerator produces fewer particles per 
hunch md the collision frequency is much less than at stor- 
age rings. the beams that collide in the SLC must have ex- 
trc~lnelv s11ml1 spot sizes in order to produce a usable num- 
bar of‘interact.ions. Controlling and measuring the beam 
sizc,s and 1)ositions at the micron level is essential. We de- 
scribe ill this paper the performance of a feedback loop 
I,llat, st;ii)ilizes the transverse positions of the beams at the 
inkractio~i point (IP). 

BEAM-BEAM DEFLECTIONS 

\\‘~I~~II clpctrons and positrons are brought into colli- 
siolls, t,llcx\. mutually deflect each other due to the electro- 
mngilct,ic ‘iIltr:raction between them [1,2]. We measure the 
dc,flectioll \vith Beam Position Monitors (BPMs) located 
upst,reaill ;)11<1 downstream of the IP for both beams. The 
illcoIlling and outgoing beam trajectories are fit for the 
&ct rons ;ln(l positrons separately [3] with t,he constraint, 
that, for c’il<.ll beam, the incoming and outgoing orbit share 
a co1mm11 trunsvcrse position at the IP. 

ls’igurc, 1 shows an example of an observed beam- 
bearll dcflwt~ion in t,he 2 plane. The data was taken dur- 
ing a beanl-learn scan. We scan the electron beam across 
t,hc positron beam in two micron steps. Note that the 
posit,ron d~~flr~ction is opposite to that for electrons, as 
expect,ed. ~1‘11~ deflections are not equal, because the in- 
trllsity of tlrc, c,lectron beam is close to twice that of the 
posit roll I~oatr~. 
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Figure 1. Deflection esperielIced by positrons (top) a11d elec- 
trons (bottom) plotted vers,Is the transverse distallcc be- 
tween the two beams. The curve is fit to the data ill the 
round beam approximat.ion. The backgroalld deflcctioll is 
the value of the deflection angle at zero dist,ance brtwcelr 
the two beams. alld is det.c:rmil~4 11.~ a fit to tile data. 

PULSE-TO-PULSE MONITORJNG 

We define the 2 direction as a1011g t.llrs dirc~ctim of 
motion of the elect,roiis, G the horizoutal axis ~ nut1 y the 
vertical axis. Throughout~ l,liis paper, WC r?fcr to t.hc J' 

plane; the same comment~s and equations apllly equally to 
the y plane. 

We parameterizcx the trajectory through tlrc> 11’ as a 
function of the E position at, the IP, and of t,he incolliing 
and deflection angles in the: 1’ plarlc,. \l’c t.11~11 d(~tc~rlrline 
the least square fit to t,lie t.rajectory [3]. This proc(~~lilre is 
carried out ouliue by a11 Int,el 80316 Inicrol)rocc,s~cir. 

Figure 2 shows the deflection nugles derived from 
the fitted electron trajectory. The c>spect,cd rc,solutioll 011 
the deflection angle, neglecting IKSIII Irlot,iou, is ;‘..j /Irad 
for a BPM position resolution of 10 pm. ‘I’hc resolu- 
tion determined by fit#ting a Gaussinn to t,lle pro.jwtioll 
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Figure 2. The distribution of deflection angles derived 
from then fitted electron (a) and positron (b) beam trajec- 
tories. The plot is a projection onto the y-axis of the de- 
flect,ion angle versus time plot. 

ont.o the y axis of reveals (a) a slightly better and (b) a 
Aghtly worse resolution. Neither result, is inconsistent 
wit,li expectations. 

We have verified t,hat the difference in deflections ex- 
perienced by the electron and positron beams can be ex- 
plained by the difference in intensity of the two beams. 
The deflection angle of one beam is directly proportional 
to the intensity of the other [I]. Therefore, we consider t,he 
intensity-normalized deflection angle difference between 
the electron and positron beam: 

Difference = [(N,$,-)/IV,+] - [(NabE+)/N,-] 

where IV,- is the number of electrons, N,+ is the number of 
posit,rons, and N, is the average of the two. When we plot 
t,hc distribution of differences and fit it to a Gaussian, we 
filld t,he centroid of the distribution to be at zero, within 
errors, as shown in Fig. 3. 

FEEDBACK 

The deflection curve shown in Fig. 1 becomes approx- 
illlately linear when the two beams are very close to one 
another. The slope at crossover in the horizontal plane, 
obtained as the first term in the Taylor expansion in the 
limit. of small C, is 

sz = [(-27.eNt)lTl x l/[&(-L + q1 
This slope in a given plane (X or y respectively) depends 
strongly on the “in-plane” beam size C, (C,), and some- 
what more weakly on the “out-of-plane” size C, (C,). The 
quantity !VI is the intensity of the target beam. We define 
the quantity 

S; = &/Nt 

as the intensity-normalized slope of the deflection curve. 
The beam-beam deflection is quite accurately de- 

scribed by a single slope parameter very close to the 
crossover point. This approximation breaks down as the 
distance between the two beams increases. However, our 
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Figure 3. The difference between intensity-normalized dc- 
fiections in (a) t.he z and (b) the y planes. 
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I>igure 4. Conceptualizatiolr of the proportional feedback 
system used to maint,ain the bcarns in collisions. 

theoretical results have indicated that for impact parame- 
ters on the order of one beam size, the difference betwee 
the linear approximation and the actual deflection is onI> 
of the order of 10%. 

We measure the intensity-normalized slope for the 
beam deflections periodically by performing a full-beam 
scan [2]. The BPMs measure the intensity of both beams 
pulse-by-pulse. We can therefore correct for changes in the 
intensity of the two beams over time. We compute t,he dis- 
tance between the two beams A, by dividing the currently- 
determined deflection angle by t,he intensity-normalized 
slope and the measured number of particles in the target 
beam, 

a, = &,/(N,s:.) 

RESULTS 

The simple proportional feedback system illustrated 
in, Fig. 4 shows how we maintain the beams in collision. 
We compute the required change in magnet settings of up- 
stream air-core correctors in order to null out any move- 
ment between the beams. The corrector magnets are ex- 
tremely fast and can come to their new settings within 
l/l20 of a second. The magnets only have a 100 pm range, 
but as we can see from Fig. 1, this is sufficient to return 
the beams to collision over the range of deflectlion distances 
we observe. 
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Figure 5. The distribution of beam-beam separations over 
a period of twenty-four seconds. 

The gain of the closed-loop feedback is the only pa- 
ramet,er that we use to control the response of the feed- 
back loop. We plot the distribution of distances between 
the beams over a twenty-four second period with a feed- 
back gain of 0.3 in Fig. 5. If we fit, this distribution to 
a Gaussian, plus a constant background, we find the cen- 
troid of the Gaussian is -0.16 +z 0.06pm and the width of 
the Gaussian is 0.68&0.09/1m. The background was found 
to be zero, within errors. We repeated this experiment for 
several gains. In Fig. 6 we plot the average of the ~7s as 
a function of gain. It is obvious that at a gain of 0.4. the 
feedback loop has significantly worse performance than for 
gains between 0.2 and 0.3. We therefore conclude the op- 
timal gain of the system is of the order of 0.3. 

CONCLUSION 

This paper has presented the performance of a 
feedback loop intended to maintain the electron and 
positron beams in collision at the Stanford Linear Collider. 
The loop was commissioned in early 1990, and was part of 
the usual operation by the fall. The loop brings the beams 
back into collision in two pulses for separations of 6 pm, 
with a closed loop gain of about 0.3. The width of distri- 
hut.ion of beam-beam separation distances is about 0.6 pm, 
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Figure 6. The average RMS of the beam-beam separations, 
as a function of gain. 

and the centroid of distances averages -0.15 pm. W’e es- 
timate that this feedback loop increases the luminosity of 
the SLC by a factor of 20 to 30%) over what it would be in 
the absence of the loop. 
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