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Abstract

A technique bs described for deatrnetive t
and monitoring of the steering offszt of the electron and positron
beamas st the internction point of the SLC, based an wsing

stripline b asition monitors to the id of
mbulllulth"‘ J by the opposing beam. This tech-
nique is also expected to provide diagnoolic infi tion related

to the apot size of the micron-size beams.
1. Introducetion

The eleciromagnetic force acting between two intenst col-
liding beams of oppositaly charged particies wil) canse them te
be deflected in passing by an angle that depends on the off-
set between the bunches, and the distribution of charge within
the bunches, This defie tion, ble with nondestructive
techniques, is expocted to be the key to the final steering of
the ¢te~ beams in the SLC, More generally, the beam-beam
deftection ph ba ble manifestation of the
collision of micron-size peams and is spplicable to any large
future linear collider.

In an ¢* ¢~ storage ring with a purely magnetic guide Eeld,
the counter-roteting beams follow exuctly the same central tra-
jectory and thus head-on collisiens are unavoidable. There is
1o » priorl reassn why this shauld he true in linear colliders,
bowever. In any linear collider, including the SLC, the op-
posing beams must be actively steered into collision guided by
scmea observable that is sensitive to the impact parameter. Us-
ing state-of-theart sirip-line beam position monitors {(BPMa),
it may be possible to direet the iwe heams independently to
the Intended interaction point with an accurscy of perhaps
100 ym. In order to achieve acceptable lumincaity with the
SLC, the beams must be stecred to within abeut one heam
radius (sbout 2 um) of each other. It ia in thin regime, far
below the tesolution limite of single-beam disgnoatic devices,
that the beam-beam deflection ia strongest.

2. Dasic Formulae

The deflection produced by the internction of an
mmm&&tdummlkﬂddmwlﬂm(m
ner can be wtimated analytically in the simpliSied case of two
yound Grussian beams {ses Fig. 1}. Realistically, the beams
are not wpectad 10 be round and ganasian vntil the final fo-
cus optical tuning Is compleied, a procedure that requiren that
the beams be colliding., A two-dimensiona) parametrization
for the collision of two beams with transverse distributions of
arbitrary flatnees and oriontation ia given in Ref. 1.

The deflection of » single pasticle of charge ¢, passing at an
offset A frow the centyold of an oppositely churged Gaussian
distribution, is given by:
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Fig. 1. The trajectory of each beam is deflected
by the opposing beam passing at an offset A,

ooy = 2ot Lol pM Y

where r. is the clazsical radius of the electron, v the relativis-
tic E/m factor, Ny the number of particles and o the RMS
transverse size of the Gaussian distributlon.

When the beams pass with offsets Iarge compared to their
transverse sizes, they see each other as poini charpes and (1)
is & good approximation for thelr mutusl defleciion. When
colliding with a smali offset, the finite sises of the beam dis-
tributions must be taken into aecount, Thia can be dons by
convoluting (1) with the distribution of the opposing besm.
The result of such a calculation, carried ont in the limit of
amall A, is expressed in termns of a form factor which reduces
the aveizge deflection:

In(1+RY)

F(R}= @

Here R ia the ratio of the transverss slses of the two beams.

Deflection versus offset i plotted in Fig. 2 for 50 GeV
heama conaisting of 5 x 10W perticles, with transverse spot
sizes o of 2, 5, and 10 gm. 10 pmw is the estimated size of the
beama at the SLC Interaction point before optical corrections
are made. Magnet seiting errors snd mbsalignmments contribute
10 this estimate. By adjusting the final focus correclos mag-
nets, o ean be reduced to about 2 um. The above form factor
han been incorporated In the curves as & multiplying reduction
factor, assuming in each case R = 1,

A4

8. Daflection Detection

Several methods have been studied for detecting and mea-
suring the beam-bsam deflections. The mosat chviovs is to use
» palr of BPMs stradling the intaraction point. If the drift
length “lever arm” Is long enough, & deflection at the LP. wiil
result n & measurable position ahift at the BPM. The pover
of this method zan be greatly efihanced by suppressing the op-
poaing bexm on pome palves and watching the mesanred beam
jump back to its undefiected position. To make this possibls,
a pair of special pulsed megnets, the “single-bextn dumpers®,
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Fig. 2. The deflection angle © as a funciion of offart
A, plotted for three spot sizes.

will be provided ypstrenm of the Goal forus to kick either beam
out of the transport system on command.

In principle, the beam-beam deflection can also be observed
with conventional screen profile monitors located in the paths
of the outgoing extracted beams as they are transported to
the dumps. In the SLC, such measurements will be poasible in
the vertical dimension only. Deflections in the herigontal plane
will be obiscurad by the momentum dispersion introduced by
the extraction septum magnets. As part of a planned upgrade
for the narth extraction line,® it will be poesible to cancel the
dispersion with sdditiona! magnets t5 enable deflection mea-
surements in both the horizontal and vertical dimensions. In
any case, position messurements In the extraction lines provide
easentially no information about the absolute position of either

2. Beam centering: &mnh;lhmmmm
and recording a plot almilar 10 Fig. 2 for the probe will
facilitate optimal steering of the two beamn. The zero-
dellection symmetry point in Fig. 2 is reached when the
beams are perfectly centered.

3. Spot size tuning: Taking the kmit of (1) for small A and
multiplying by the form factor {2) gives:

.(A) - —r,.?l:- A

FlR) . {9
The slope of the deflection of the probe beam near the
sero-deflection symmetry point is inversely proportional
1o the croas-sectional ares of the target. By differenti-
ating (1). it can be seen that the defection i» maximum
for ofisets of about 1.6 atandard deviations o7 the farget
distribution, and that the maximum drdeciion scales as
the inverse of the tranaverse spot size:

foes = 0451 2T 1
T @

¢

A relative measure of spat size can thus be obtained by
scanaing one besm acrass the other sa in Step 2 above.

Guided by these ts, an operator can adjust
optical elements of the transport system to minimize this
final spot size,

The procedures deacribed here are based on relative mea-
surements of the outgoing beam pasition at locations where the
angular deflection proeduced in the collision leads to & trans-
verae position shift. Many of the BPMa in the outgoing trans-
port system have suitable phase shifts from the IP to be used
for this purpose. The best locations, howaver, are in the final

beam near the LP,, because of the large ber of

optical transft quadrupoles, where the A-functions reach

traversed by the outgoing beam before reaching the e.xtrlu:uun
line. However, relative position shifts can be measured using
Gevices in the extraction lines in conjunction with the singie-
b dumpers mentioned above to give a nsefu] mensure of
the deflection at the LP,

Another approach is based on detecting beamstrahlung ra-
distion. This is the name given to the syniirotron radiation
emitted by ench beam as it is deflected by the other. The an-
gular distribution of this radlation, strongly peaked forward in
the direction of the ovtgoing beam, can be measured with a
suitable deiector along a line of sight but quite distant from
the interaction point.?

4. Application tv Steering and Tuning Procedures

A three-step tuning procedure by envisioned:

1. [nitial beam finding: One beam - designated the “target”
in this cage - 0 womentarily suppressed with a single-
beam dumper while position measurcments are wade on
the “probe” beam. In this way, the shift induced by
the target beam can be determined. When the offset
between the besms fa large, the magnitude of the shift
in inversely proportional to the offset and Its sign tells in
which direction to steer. This can be seen by taking the
limit of (1) for Iarge A:

=1 ®

o) = = 5 -

their largest values, thereby magnifying the deflectiona the
most, and where dispersion is negligible, (which minimizes con-
fusion with energy variations), Three BPMs, near quadrupoles
Q1, 2 and 4, are planned for this purpose® (Fig. 3). Each has
an effective optical lever arm of about 3 meters. Position shifta
corresponding to & wide range of iP parameters can be resolved
at these locations.
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Fig. 3. Schematic of beariline components relevant to
the deflection technique.




The uselul range of these techniques, i.e., the maximum
offeet that still gives o messurable deflection, is limited only by
the ability of the BPM to resolve beam centroid movements.
For example, assume the BPM near Q1 can resolve the centroid
position of & slngle buneh of 5 10° particles to a level of 20 um.
It will then be possible to detect relative beam-besm offsets up
to & maximum of:

. N
A(‘um] = 40 mﬁ . (ﬁ)

For larger beam currents, it may be pessible to do beiter than
the limit indicated in (6), because the BPM resclution sho
improves with incréasing eurrent. By chopping one beam off
and o0 using the single beam dumpers and sveraging over
many puilses, the resolution can be improved further. Al
though marginal st low intensity, this beam finding technique
should bridge the gap between the usval crbit matehing meth-
ods which rely on sheplute BPM accuracy io siser the beams

- independently to the IP, and techniques based on luminosity-

lated signals, such sa b hlung,* disruption imaging,?

and the Bhabha scattering rate.
5. Dypamic Errors and Correction:

I is expected that even when the atatic crossing errors
have been corrected s described above, the two beamn will
not remain centered on each other without an sctive feedback
oystern. Many sources of drilt and Jitter that could cause the
beams 1o wander at the IP have been identified. In moat cuaes,
these effects can be minimized with careful attention to rel-
evant hardware designs. Magnet power supplies, for exsm-
ple, must be well regulated, and support structures must be
rigid. Natural ambient ground vibrations at frequencies above
1 Hz have been shown$ to be negliglble, although some local
man-made vibration sources such as reciprecating pumps could
cause problems if net isolated. On a slower time scale, thermal
effects will cause mechanical support structures to expand, and
power supplies to dsift enough to adversely effect the luminos-
ity unless sieering corrections are made. Studies of feedback
schemes for the SLC have focused on simple and relatively slow
algerithms, although the BPM e jca, ) and
other key components sre being built 1o allow pulse-by-pulse
feedback to sccommodate faster of more complex schemes.

A vimple feedback algorithm far carrecting relatively slow
drifts Is based on automatically suppressing one beam periodi-
cally using the.single beam dumper, Of , the Juminoaity
would be sacrificed on these oceasional pulses, but they would
enable a steering correction Lo be computed from the meanured

position ehifts of the outgoing beam. Becauss each measured
dellection can correspond ta two possible otfsets, the eperation
has to be carried out frequently enough o ensure that the nc-
tunl offsat does not drift outside the domain of the IP, bonnded
by the deflection maxima, (n the tiras betwesn updates. This
spproach is probably sdequate to track the thermal expansion
of support structures and other mechanica) effects.

An spproach that does not requlre sactificing any beam
pulses would be to axcite amall “dither coll® dipoles (Fig. 3) in
a pre-proprruned way tw induce small parlodic afueta at the
IP, with an smpiitude of a fraction of & standard deviatian. In
this way, one beam ean be made to trace qut & pattern such aa
» small ciccle at the IP. The deflections of the opposing heam
will then project the sane pattern at the BPM. When the off-
set between the beams correaponds to a point on a steeply
Tising positive slope In Fig. 2 (beyond the 1.8 & peak an cither
side), the projection is s magmified imags of the dither pattern.
‘When the offast i Jese than 1.6 o, the projection is an inverted
image of the dither p Synch pasition
ment would then allow » determination of whether the beams
were colliding within or beyond 1.6 atandard deviations of each
ather. If necessary, & correction could bs applied to bring them
back to within one e. The sign of the defleciion would indi-
cate the directicn in which to steer. In both thesa algorithms,
corrections are applied using sieering correctors immediately
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