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ABSTRACT

The requirements of RF acceleration in the SLC Linac to
produce high energy beams are complicated by the presence of
small transverse RF beam deflections which arise from severa!l
sources. These RF deflections place stringent tolerances on the
phase and amplitude siability of the klyatrons. They alsn force
the use of special magnetic bumps 1o correct the irajectories
of oppositely charged beams that will pass down the linac.
If left unabated, RF deflections can limit the performance of
the SLC. There are several methods to recuce the deflections.
Many measurements of RF deflections have been made in tne
Tow energy part of the linac where the beams are most sensitive.

TOLEKANCES ON RF BEAM DEFLECTIONS

The SLC linac must accelerate both clectrons and positrons.
Both beams are injected from their respective dampiug rings at
1.21 GeV and ultimately reach 50 GeV. The transverse emit-
<ances of these beams are quite small and must be maintained.
Trajeclory errors in the finac will cause the beams to exhibit
betatron oscillations in the FODO lattice of the linac, excite
transverse wakefields, and enlarge their emittances. Static tra-
jectory errors can be corrected by DC dipole magnets. How-
ever, studies!? have shown that pulse-to-pulse Buctuations in
the launching conditions or steering early in the linac must
be kept below 13 um or 0.3 prad (6 = 42 m). These jitter
tolerances relax as the beam energy increases.

Small radial asymmetries in the RF fields in an accelerator
will deflect beams transvetsely. The effects of these felds can
be observed as beam trajectory errors downstream of an aceel-
erator secticn driven by & klystron, An example is shown in
Fig. 1. In the SLC, both electrons and positrons are deflected
in the same direction. Special static magnetic bumps are used
10 compensate for these defections. Fluctuations in the RF
power or phase wil! cause trajeclory errors which cannot be
corrected. Using the 1olerances stated abave and the fact that
klystron phase and amplituds jitters can he kept below 0.5 de-
grees and 1%, respectively, RF deflections must be kept below
50 keV/c per kiystron immediately dawnstream of the damp-
ing rings®, ie., the RF fields must be aligned to one part in
five thousand.

STATIC TRAJECTORY CORRECTION

ldentical RF deflections given 1o both electrons and
positrons can not be corrected by a single dipole magnet which
steers the beams in oppaosite directi H - several dipole
magnets with interspersed quadrupoles ean form a “magic”
dipole bump which can be used to corre:t the deflections. Sev-
eral magic bumps have been invented*®. An example is shown
in Fig. 2. The bunitp capitalizes on the out-of-phase beta fune-
tions of the two oppositely charged bean in the Jinac FODO
lattice. The three dipole correctors form a closed beam bamp.

*Work supported by the Department of Energy, contract
DE-ACO3-765F00515

Poster paper presented at the 1985 Particie Accelerator Conference
Vancouver, B.C., Canada, May 13-16, 1985

The kicks of the two beams in the central quadrupole exactly
cancel those of the lumnped RF deflections located there if the
bump sign and amplitude are properly chosen.
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Fig. 1. RF deflections of & beam in an accelerator are observed
as beam position changes downstream.
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Fig. 2. A "magic” dipole bump corrects for static RF deflec-
tions given to electrons and paositrons.

SOURCES OF RF DEFLECTIONS
RF Couplers

The power from a kiystron is divided to feed equally four
ten foot accelerator sections which are mounted on a forty foot
girder. The pingle sided horizontal input and output couplers
produce asymmetr.es in the RF fields in the first and last celis
in the each section. A coupler and accelerator cavities are
illustrated in Fig. 3. The deflections have been minimized
in the SLAC accelerater by displacing the first and last cell
radially and by orienting the eight couplers on a girder 26 as not
to produce a net defiection or offset. Nevertheless, effects of the
couplers have been observed®. A cakulation” for SLC SLED
I 50 MW conditions gives 20 keV/c deflections per conpler.
Tilted Irises

External mechanical measureraents of several accelerator
sectians have revealed that the irises of the cavities can be
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Fig. 3. SLAC diskloaded scceleratlor ehowing s cross section
of the cavities and end coupler.

tilted as shown in Fig. 4. These tilts cause RF deflections.
The tilted Irises originated during manufacture from the tilts
of the end coupler assemblies upon which the remainder of the
accelerator was atacked before brazing, aceumulations of small
machining errora, or small captured dirt particles.
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Fig. 4. Observed tilting (exaggerated) of the irises nnd eylin-
ders of the SLAC disk-loaded waveguide,

Simple ealculations of defiections can be made by assuming
the RF fislds totate with the same angle as the irises. The
expected transverse deflection §p is given by

»
bpm 23 TS
inl

where ¢ is the spead of light, n is the number of cells, and T;
and S E; are the tilt angle and energy gain, respectively, for c2li
1. The SLC tolerances require that the average tilt angle for an
accelerstor girder be below 0.21 mrad early in the linac. The
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Fig- 5. Spectrum of weasured Uilt angles of & a) SLAC
ten-fool acceleralor sections.
Misalignments

Mechanical misalignments can cause RF deflect sna. A
lacer monitoring system is used to olign the ends of the gird-
ers to beiter than 100 um over the length of the 3 ki linac.
Wittin & girder a local survey ls used. Figure 6 shows the sur-
vey data of a girder with several problems: (he wolded joint
beiween 1wb accelerator seciions has an offaet, one sectic  has
a internal bulge, and the intragirder supports are misadji: »d
Al of these effects have been removed from Lhe first 300 - of
the unac to a level of £100 um or abost 2 10 KeV /e,
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Fig- 6. Vertical survey of a girder. showing offseta, bulges, and
intragirder support misalignments before corrections.
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Trajectory Errors

A beam which has a trajectory error in a girder will be
given a transverse deflection arising from the combined effects
of the fringe-field lens st the ends of the girder and the of-
fectively misaligned fields within the girder. The tranaverse
deflection® is given by fp = Eg(zy — £;)/2L where E; s the
energy gain in the length L and z; and xg are the entrance and
exit beam offsets, respectively, from the axis.

DEFLECTION MEASUREMENTS

1ilt angles for several ten foot sectiona have been ed8
and the spectrum is shown in Fig. 5. Several of the eccelerator
sections excesd the specifications and must be exchanged.

M of RF deflections in the linac were made
using the apparatus shown in Fig, 7. Without RF power the
beam was sieered to the center line of the girder under test.




When the RF was applied the beam trajeciory deviated (in
general) from its nominal positions in two position moniters
immediately downstream. From knowledge of the outgoing
t-sjectory two effective RF kicks located at the one quarter and
three quarters points inside the gitder could be determined.
Messurements were made as a function of RF phase allowing
separotion of the in-phase and out-of-phase components of the
deflecions, An example of &8 measurement is shown in Fig- 1.
The besm energy in these tests was about 1 GeV. There were
ro magnetic felds in the region.
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Fig. 7. Measurements of RF deflections were made by chang-
ing the phase of the RF power from & klystron which drives a
forty-foot girder and observing the beam irajectory.

The first sixteen sccelerator girders downstream of the
damping rings were d. The calculated in-phase deflec-
tions (Kick; and Klck;) for eight girders are listed in Table 1.
The out-of-phase components ate similar. Several of the gird-
era exceed the SLC specifications. A remedy for poor girders
is to exchange them with good girders from the high energy
part of the linae where the tolcrances are greatly relaxed. The
original Girder 2-4 was exchanged with a measured good one
700 m downatroam. After the exchange, the RF deflections

“were remeasured and found to have moved with the accelera-
tor sections as can be seen in the dats of Table 1.

Table ). Measured in-phase transverse RF de-
Bections for SLED 11 50 MW conditions.

Horz Horz Vert Vert
Kickl Kick2 Kickl Kick2
Girder keV/jc keV/e keV/e keV/e

2 -6.3 19 134 38
b Y] -26.0 -1.% -14.7 -5.6
29 35.5 21 48.2 2.8
- 1ad 03 90 -13.6 3.5
23 0.3 -11.2 9.8 -0.5
26 ~13.9 -0.1 30.2 15
21 «18.4 251 -5.2 -39.6
o] =19.1 614 843 .1188

* Original girder.
** Kew replacement girder.

‘tChe RF kicke from beam trajectory errors in a girder have
been studied on one girder. The measured kicks as a function
of trajectory angle are plotted in Fig. 8. Additional mea-
surements show that beam offset data look nearly the same.
Clearly, beam trajectory etrors (ot girder misalignments) can
cause sizable RF steering.

The effects of tiited irises have alse been observed. The
eriginal Girder 2-¢ had measured tilted irises®. Predictions of

the vertical deflections due to the couplers, mechanieal mis-
slignments, and 1ilted irises for that girder are shown in Table
2. The measured kicks are also shown. The measurements and
predictions indicate that there is » strong correlation between
tilted irises and BF deflections.
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Fig. 8. Measured RF deflections versus beam trajectory angle
through a girder extrapolated o SLED 1l 50 MW conditions.

Table 2. Predicted and measured vertical RE de-
flections for Girder 2-4 without SLED st 28 MW,

Predictions/
Measurements Kick 1 Kick 2

0.0keVjie 0.0 keV/c
0.2keV/ie -0.2 kel'/e
Tilted Irises 17.2 keV/c 6.0 keV/c

Tota! Predicted 174 keV /e -8.2 keV/e
Measured Deflection  29.2 keV/e 3.7 keV/c
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