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In the SSC interaction regions, the two colliding beams, each only a 

few microns in size, will have to be centered and maintained in good 

alignrrent over many hours, in order to provide the max.inu.lrn possible 

luminosity and to minimize off-center beam-beam focussing effects. 

It is unlikely that sufficiently good aligrment can be achieved without 

some kind of active feedback system, basedon·.the beam-beam interaction rate. 

This :rrero describes such a systan. 

In the proposed schem=, one of the beams . is rroved continuously and in 

a circular fashion about its m=an transverse position. The radius of this 

rrotion is approximately 0.01 of the nns beam size at the interaction point. 

The rrotion is achieved with two sets of crossed high frequency dipole 

magnets, one on each side of the interaction region, suitably phased. 

As a consequence of this rrotion, the beam-beam interaction rate is 

rrodulated in synchronism with the beamrrotion when the beams are not 

centered on one another. The amplitude and phase of this rrodulation 

yields infonna.tion on the magnitude and direction of the misaligrment 

between the beams, allowing continuous display and autanatic correction 

of any misaligrment. 
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I.et us take two room, Gaussian shaped beams, separated in the oorizontal 

(x) plane by a distance D = 2 J. 

'!be overlap integral of the two beams, proportional to the li.:mi.msity L, 

can be written as 
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where L is the lumimsity for perfectly centered beams. 
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Geanetry 

In this diagram, the center of beam 1 is at the origin. Beam 2 has a 

misalignment described by the vector d, assumed to be slowly varying. In 

addition, beam 2 is made to follow the large circle of radius b with an 

angular frequency w . The luminosity depends on the time-varying distance 

D, which we will row calculate: 

2 
D = (d cos f) + b cos ( lJ t) ) 2 + (d sin 0 + b sin ( Q t) ) 2 = 

= ca2 + b2) + 2 d b sin 0 sin(wt} + 2 d b cos (3 cos ( Vlt) = 

= + 2 d b cos c e + ~ t> • 

2 
D 

As shown above, the luminosity depends on D as L = L exp ( - - 2 } • 
0 4 6 

For a small distance D L.:::: 15, as is appropriate here, we write 



o2 

L ~ ~ (1 - 4 b2 
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2 d b ~s (a + LJt) J 
40 

If we write it as a constant tenn plus an oscillating tenn, L = L
0 

(1 - A cos (0 +wt)), 
2db 2db 

we find that A = ai + bz = -4 ..... 5~'2-_ _,,,az-_-.b2 
4 62 (1 - 4 ~ ) 

Finding Off set arrl Phase fran the Counting Rates 

The 11.mli.rx>sity counter runs for a time interval T, containing many cycles 

of the beam rotation. A total of Nt counts is accunull.ated into k bins of the 

phase angle cp ;wt (ncdulo 27[. ) • We Fourier-analyze the data by com10luting 

with sin r ~ cosr : 
1 

S = Nt ~ N. sin{f 
i=l l. 

and similarly for cosrp . 

The error on S is ( Jj S) 
2 

= N t-
2 ~ (.6Ni sini Cf ) 2 

= Nt - 2 Z: Ni sinf cp . 
L l 

For the case of a small m::xiulation we can calculate . S am. its error: 
e:! Nt 

Take equal counting rates in all bins, Ni - !'1( to get 

1 
sin<P = 2 '7C.. A 

-1 
(2 Nt ) ; 
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Sensitivity 

We find the minimum detectable off set by setting the signal S equal to 

its error and solving for d: 

Set .Ll s = s. 
2 db 

A = 2 S = 4 ej2 - d2 _ b2 

For small misalignment and small offset, d ..::<- t> and b .<-46, we simplify to 

db 

2 62 
4 62 

d = f2Nlb 

Numerical ex,arrple 

Take luminosity L = 1037 events/m2 s, of which half is detected in the counters. 

Take the total cross section as o'tot = 1.3 x lo-29 m2 and assurce we operate 

the beam rotation at b = 0.05 ~ , corresponding to an average 0.'.:5% reduction 

in lumioosity. The design beam size at a ~"= 1 m is 6 =ff = 6.B x 10-6 m. 

In a 1 sec measurenent, yielding ~·L·btot·T = 6.5 x 107 counts we determine 
4 (6.8 lo-6)2 _

8 d to {2 :71 = 4 • 8 x 10 m = O. 007 6' . 
2 x 6.5 x 107 ~o.o5~(6.8 x lo-6) 

Under the same conditions, but a luminosity of only 1035 events/m2 s we can 

still detennine the misalignment to 7% of 6 in a one second measureroont. 

This error in d actually represents the radius of an error circle in the x-y-plane. 


