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Abstract 

A data acquisition method has been devel- 
oped at the SLAC Linear Collider (SLC) that 
provides accurate beam parameter information 
using sub-tolerance excitation and synchronized 
detection. This is being applied to several SLC 
sub-systems to provide high speed feedback on 
beam parameters such as linac output energy 
spread. The method has significantly improved 
control of the linac energy spread. The linac av- 
erage phase offset ($), used to compensate the 
effects of longitudinal wakefieldsl, is adjusted 
fl control bit (about 0.18” S-band or 20% of 
tolerance), in a continuous fashion. Properly 
coordinated beam energy measurements provide 
a measure of the derivative of the accelerating 
voltage (dEId4). The position of the beam on the 
RF wave can thus be determined to f 0.3’ in 
about 5 seconds. The dithering does not con- 
tribute significantly to the energy jitter of the 
SLC and therefore does not adversely affect rou- 
tine operation. -Future applications include con- 
trol of the interaction region beam size and 
orientation. 
I. Introduction 

Linear colliders require very tight control of 
beam parameters such as energy spread and emit- 
tance. Typical beam feedback loops in wide- 
spread use at SLC stabilize the beam centroid to 
a previously recorded position or energy. Beyond 
this, optimization or minimization ‘feedback’ is 
required that does not restore the beam to any 
previous setting but instead moves it as required 
in order to reach an optimum as defined with 
respect to a well defined signal. These loops then 
perform many routine tasks presently delegated 
to operators and the operators task becomes one 
of monitoring their performance. 

Typical application of minimization loops is 
in the control of phase space volume or orienta- 
tion. Limitations in instrumentation, namely the 
lack of ubiquitous single pulse beam size moni- 
tors, require indirect means of measuring phase 
space volume. A novel technique has been tested 
at SLC that provides accurate control of indi- 
rectly monitored parameters through narrow 
band signal averaging. At SLC, two examples of 
*Work supported by Department of Energy contract 
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this are the average linac RF phase offset, ($), 
and the skew, waist and chromatic corrections 
applied to the interaction region beam spot. 

While centroid parameters can be easily de- 
tected and corrected locally, beam size parame- 
ters may not be correctable locally because the 
source of error may not be locally identifiable or 
correctable. However, such errors can grow and 
become more difficult to correct if not corrected 
as locally as possible*. Perhaps the most impor- 
tant reason for local feedback is that the transfer 
function between the detector and the corrector is 
likely to be more stable. In other words, global 
variables such as storage ring capture or luminos- 
ity should not be used to provide signals to loops 
which have controls that are far away. 

At the SLC we have applied a dither tech- 
nique for beam size optimization. With this tech- 
nique small changes are applied to key devices 
and the associated response is separately mea- 
sured. The sign of the small signal response is 
required, in general, to indicate which way the 
control should be varied. The narrow band tech- 
nique can be used to reduce measurement statis- 
tical and systematic errors. 
II. Technique 

The technique is an improvement over pre- 
viously established correlation procedures3 since 
it uses a sub-tolerance excitation and measures 
only the local slope. The luminosity lost in the 
process can be easily estimated in the case where 
the luminosity depends quadratically on the con- 
trol. 

Let : 
Sy = the standard deviation of a single 

measurement of the quantity to minimized 
S 

& 
= the standard deviation of a single 

Ax 
dithered slope measurement 

Save = the standard deviation of the average 
of N dither measurements 

Sdes = desired standard deviation of 
averaged dither measurements 

Ax = total amount of the dither 
m = number of beam pulses per half dither 

measurement (up for m and down form) 
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m = number of’beam pulses per half dither 
measurement (up form and down for m) 

N = number of dither measurements 
averaged 

f = repetition rate of the accelerator (120Hz 
for SLC) 

Then the error for a single dither 
measurement is: 

Ax 
and the error for N dither measurements: 

S 2 sY 

d- 
-- ave = mN Dx 

Total time to make a measurement of 
aCCUraCy S&s: 

2s2 
N= Y 

mS2deshx 
2 

Loss in luminosity, assuming a quadratic 
behavior of the luminosity around present state: 

2 

AJ(L&) = -+* 

2fsdes 6%’ x0 

The loss in luminosity is fixed for a given 
desired accuracy. Using a large number of small 
steps or a small number of large steps is equiva- 
lent. This is only true for linear response. 
Furthermore the accuracy depends on the beam 
stability during the measurement. 

The technique relies on the broadly based, 
powerful, synchronized data acquisition of the 
SLC control system. In the scheme adopted for 
this purpose, synchronizing codes are broadcast 
to all SLC remote data acquisition computers. 
The codes serve to prepare and start the se- 
quence, guaranteeing that the control device is 
adjusted and the data collected on the correct 
pulse. Data can be acquired from throughout the 
complex providing a mechanism for correlation 
studies. In the feedback central processor, the 
signal is analyzed against the excitation and the 
response is estimated Figure 1 shows a diagnos- 
tic, with ten times the normal excitation, used to 
test the system. It is clear from the figure that the 
nominal excitation of 0.18’ gives a negligible 
contribution to the energy jitter. 
III. Application and Results 

Table 1 lists some of the applications of 
minimization feedback in the SLC. The first two 
rows outline the average phase stabilization. We 
will now describe this application. 
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Figure 1. Energy measurements taken on 500 successive pulses showing the dither control. For this 

diagnostic test, the dither amplitude is 10 times the nominal 0.18’. 
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Loop 
Linac 4 off 
Injector @ off 
Ring Extraction 
Kicker Timing 

IP waist 

IP Skew 

IP chromatic 

IP Dispersion Fast Luminosity chromatic 
Monitor corr. quad 

Deflection angle and enough to drop L 
luminosity monitor by -5% 

Table 1. The first minimization loops to be implemented at SLC. The last 4 are an extension of 
existing automated interaction region (IP) tuning. 

The single, high peak current bunch in the 
SLC linac requires strong beam loading compen- 
sation for longitudinal wakefield compensation. 
The slope of the accelerating RF is used for 
compensation with the bunch typically placed 5 
to 10” ahead of the crest. The energy spread and 
the tails of the energy spread distribution must be 
minimized to achieve optimum performance of 
the downstream chromatic corrections and to re- - 
duce detector backgrounds. The problem is that 
the optimum is poorly defined by the wire scans 
of the profile itself. Assuming constant intensity 
and bunch length, the optimum phase offset 
(eoff) is constant and by determining Qoff from 
dlYd$, the derivative of energy with respect to 
phase we can more accurately place the bunch on 
the RF. The feedback loop will dither the beam 
with a 30Hz cycle period, +l digital to analog 
converter least significant bit, and apply the con- 
trol at an update rate of O.lHz. Note that for the 
narrow band technique, different dithering fre- 
quencies are required if multiple loops operate at 
once. 
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IV. Conclusion 

The narrow band dither technique will have 
application in other machines4. It has the pro- 
mise of providing accurate data that is not pos- 
sible to acquire in more conventional look and 
adjust schemes. Ultimately, this technique may 
be used to remove some of the load of the 
operators. 
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