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Abstract

desireable (sep?]). In reality thereare transverse offsets
and the resulting wakefieldaust becanceled athe SLC

Diurnal temperature variations in the linac gallery of theby compensating orbit bumps [3]. Typically a bump

Stanford Linear CollideSLC) can affectthe amplitude
and phase of the tfsed to accelerathe beam. The SLC
employs many techniques for stabilization and
compensation of these effects, hnasidual uncorrected
changes still affect the quality of tlieliveredbeam. This
paper presents methoddeveloped to monitor and

spans about six betatron wavelengths. An initial
emittance of 1.0 °m-rad without bumps can be reduced
to 0.210 > m-rad. Tocontrol transversgitter, the SLC
uses BNS [4] damping which introduces a lasgergy
spread inthe beam. Thisauseghe wakefield cancelling
bumps to be very sensitive emergyandphase changes.

investigate theseerrors through the beam response.an energy change of 1%, or a phasmnge ofl.5° over

Variations resulting fronerrors inthe rf amplitude or
phase can be distinguished by studying different beam

the region of the bumpan changehe phaseadvance by
22°. This disturbs thewakefield-tail cancellation and

observables: betatron phase advance, oscillation amplituglénerates an emittance growth/é = (1.0 Csin 22°) =
growth, rms jitter along the linac, measurements of th§ 4 m-rad. Similar effects occur if tremergygain of one

beam phase with respect to theatianges irthe required

injection phaseand the globalenergy correction factor.
By quantifying the beam response, amcorrected
variation of 149S-band) durind?8°F temperatureswings

wasfound in the main rfdrive line systembetween the
front and end of the linac.

1 INTRODUCTION

Since the SLC nowproduces flat beams with
emittances as low agg, = 0.2[10"° m-rad atthe end of
the linac, stability of thehardware has becomes
increasingly critical. Slow variations coming froday-

night temperature swings make it difficult to maintain the

best emittances. It has previously bedgrown that the
largest variations are caused by the acceleratisgstem,

but it was unclear whether the amplitudg ¢r the phase
(@) of the rf was varying. Arearlier paper [1)described
sources of amplitude variations, while thipaper

concentrates orthe more seriouseffect of rf phase
variations. In particularbeam-baseaneasurementsvere

used todistinguish betweenthe two @, ¢). First we

discuss the stabilityequirementsthen the beam-based
signals andsimulations,andfinally the primary problem
source, the maindrive line which distributes the If
synchronization.

2 STABILITY REQUIREMENT

If the linac alignmentand beam orbitwere perfect, the
requirements for rf stability would belaxed.Changes in

longitudinal phase space parameters (energy, phase, bUQSU

length, and energy spread)would not couple into the
transverse phase space. Improvadinment is clearly

klystron (out of 30) is unknown to 30%.

3 BEAM BASED SIGNALS

After stabilizing the rf amplitudes [1], it was
recognized that there were still large daily variations in the
betatron phasedvance ofthe beam, asmeasured by
oscillation data taken automatically with adiagnostic
pulse [5, 6] (Fig. 1).
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Figure 1: Diurnal betatron phaselvancevariation. The
overall phase measured from the beginning of the linac to
this point is 2800°, so a -10phase changeorresponds
to 3.5% energy gain. After day 10 it was compensated.

To distinguishbetween rf amplitudendphase as the
rce of the drifts, additional diagnostiegre required.
Table 1 summarizes the observables used.
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Indications Variation Reasons
global energy correction +1.5% A, @
betatron phase advance at 500 m: —=100" | A, ¢
Injection phase o 47", e+: +4° @ cable
oscillation amplitude growth 50% 7]
transverse rms jitter 100% [7)
beam phase monitors Li2: 77, L28: -7 @ cable

Table 1:Beam parameters studiedd possiblecauses
(A: rf amplitude, ¢: rf phase, cable: cablength). The

amount of the variation is the day/night ratio, or for

phases the day minus night difference.

The global linac energy correction accounts for the
integrated sum of all energy errors. A 1.5% diurnal change

corresponds td.5% more or lesspare energy available. S ]
If this were due to rlamplitude changes, it could notfactor plotted versus location in the linac fday and

explain the 100° phasadvancechange (equivalent to

3.5% of the energy) measured after 500 meters of linac.
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Figure 2: Simulated amplitude growth factor along the

linac (solid)comparedwith 2% energy reductioridashed)
or +3° phase variation (dash-dotted).

An indication that phase variationgere dominant
came from simulations of the amplitude growth of
betatron oscillations whickhowed a differensensitivity
to energy or phaseariation (Fig. 2). For a single
particle, the amplitude growtlfactor of anoscillation
scales as (det(FY/E,)"?, where R isthe effective matrix
of the beam transport elements includivgkefields and
E/E, is the energy normalization. For a BNSlamped
beam, theenergy spreadwill causethe amplitude to

decreasethrough filamentation.

In thepresence of

transverse wakefieldshe tail of the bunch isxcited to
even larger amplitudes than thead andhe amplitude

grows. Oscillation amplitudes were found to change by up
to 50% betweerday andnight (see Fig. 3). Similar
behavior wasobserved inthe rms of theransversébeam

jitter measured by th&edbacksystemslocatedalong the
linac. The jitterchanged asnuch as 100% diurnally. If

the source of the jitter is constant, tlmslicatesthat the

BNS damping has become weaker.
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Figure 3: Measured oscillation amplitude growth

night. At 1000 m the variation is 50%rger in mid-day
(3.6/2.4).

Another indication of these problems was given by
monitors which reasurehe beam phase witlespect to
the rf nearthe beginningand end othe linac. Adiurnal
difference of+7° (or 14° over the whole linac) wagen
(Fig. 4). In principle this change could bedue to
measurement systematics such as chdigth changes.
However, the simulations belowndicated that the
observed variation was consistent with the otheasured
effects.
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Figure 4:Beamphase in sector and 28 andbutside
temperature showing an anticorrelatiand a phase
variation of 7°. Theéemperatureswing during that period
was about 28°F daily.

4 SIMULATIONS
Simulations were performed to understand if the

various observationgere consistent with the hypothesis

of a 14° phase variation of the madive line that
synchronizes the linac rf. The simulation assumed an ideal
energy profile with a BNS configuration of 22° for the

first 700 metersand —16.5° for the rest of the linac at

night. If the phase lengtbhanged by14° during the day,

the initial BNSphase wouldlecrease by 7fto 15°) and
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the final phasevould increase by 7fto —9.5°). These
variations weakenthe BNS dampingand provide less
suppression of beam jitter. WithieakerBNS phases, the
beam is closer to the crest of thearidthe total energy
available is larger. The beam energy at the end of the linac
is heldconstant byfeedbackbut the error is reflected in

the global energy correction required. If one calculates the
energygain for theweakerdaytime BNS phaseffrom

cos 15° to cos (-9.5°)) and compares it toideal night
value, there is an energy discrepancy @f4% (see
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Fig. 5). This is consistent with observed behavior. 10} MDL
0.99 (:i15 1é0 ] 125_ 150 135
Time [Days in 1996]
-7 Figure 6: MDL interferometer phase versus time. The
0.98 e phase length may vary by up to 30° witlarometric
£ 0.071 - - ] pressureswings, and up to15° with diurnal temperature
o - - cycles. Beforghe correction atday 124, only half of the
?o 961 P P temperature dependence, about 7°, was being compensated.
LIC.I 7 e
© o5l ; 2 6 SUMMARY
= s/ .
% e ' Day+LEM Diurnal variations of linac energy profilwere traced to
@ 0.94f / 1 uncorrectecphase length changes the maindrive line
S which synchronizes the rf. The residual phase variation of
0.93 a 1 up to 14° wascompensated byapplying anadditional
temperature correctiowhile the truesource ofthe error
0.92O s 0 1= 0 P 20 was investigated.
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Figure 5: Relative energy gain along the linac for different
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main drive line conditions: At night thenergygain per
sector is reduced by thms (22°)and cos (-16.5°) while
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factor betweercos (15°)andcos (—9.5°).The third curve
shows theday curve scaled down b%.4% to reflect the
effect of the global energy feedback which holds rtiean
energy constant.

5 MAIN DRIVE LINE

The maindrive line (MDL) which synchronizes the
linac rf phases wafund to be amajor source of the

[1]

2]

observed sensitivity to diurnal temperature variations. The

phase length of the MDL isaffected by external
temperatureand barometric pressurevariations. This
length is monitored by an interferometer [Ehd a
feedback system then adjusts the linac rf phasesrtect
for the measuredlength changes. The varioudiurnal
effects described here indicattttht temperature variations
of the MDL were not fully compensated by the
interferometer feedback. An additional ladc temperature
correction was applied to alleviatee symptomswhile
the truesource ofthe errorwas being investigated. This
correction effectivelydoubled the feedbackresponse to
temperature change (seday 124 in Fig. 6), and it
successfullyreducedthe diurnal variation in thebeam
parameters discussed (séay 10 in Fig. 1). Further
investigations of and improvements to thehafdware are
discussed in another paper [8].
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