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Abstract Technique Assumption Achievement
(BPM, Quad,Acc.)
Transverse wakefieltticks from misalignedaccelerating M7=+ gnment (@] mechanical mechanical
structures in the SLC linac contribute significantly td a) initial electric center resolution
emittance growth. If these kicksould be measured b) beam based| change is right beyond thét
directly, it would bepossible to alignand/or steer the 7 Steering (B, Q)] B, A offset = 0 BPM readin
beam to a kick-free trajectory. In teceleratorStructure 1t 19 ' ' t0 B off _t— o | bom cent rg
Test Facility at SLAC, ASSET [1], the kickdue to a ";‘)) D'FO‘TBDFS Q to B offset = p dce te
drive bunch are measured with a witness bunch at varyifig ) svb B offset for € Iqua center
bunch separations. In ASSET, the first bunchiissarded g) ballist ave. alignment k_esks corr.
and only thesecondbunch ismeasuredSuper-ASSET is ) ballistic no elec/mag field | Kic
an extension of thigechnique wheréooth bunches are | © duad scaling| no elec. kicks get B offset
accelerateddown the entire linac togetheand a"sum - - g.ethffse_t
trajectory” of both bunches is measuredwith beam 3Wa!<ef||eld (A | wake big elff_ect signal reading
position monitors (BPMs). The trajectory of tisecond, gg 2:%&?9[]2]& gégnsgggcti_og Salccenéﬁ;ct
kicked bunch can be calculated by subtracting the orbit |pf Shi order V\Z/ake 6 asvm counler | hiwake center
the first bunchmeasuredilone, from the sum trajectory. d) Super-Asset| BPM Xes onspe beam-S centdr
This paper discusses BPM response issaesl the 2 p -
expected resolution of this technique together with | 4 Bumps (global} end resultok. | smaller emit.
alignment and steering strategies. E‘g E)S(‘:?allllgté%gs ‘ranrg%rs‘."’i';;‘('j”cg?r‘?"- g‘r:g';?;&‘e

1 INTRODUCTION

In the SLAC Linear Collider (SLC), misalignments of
the accelerating structures meguse transversgakefield
kicks which deflect the tail of the bunchand create
emittance growth. Inaddition to several indirect
techniqgues summarized ithe next section, wewill
discussherethe mostdirect approach to measulecally

are accelerated down the linac vetgse together inime,
a few wavelengthsA) apart. For & and €, possible
choicesare+A/2, £3A/2, £5A/2, . . . so that they are
both accelerated.This method probes thshort-range
wakefields. A perfect wakefield freerbit would produce

no kicks for all bunch separations, but tieal situation

Table 1: Alignment and emittance reduction techniques
(DF [2]: dispersion free, TBDFS [3]: two beam DF
steering, SVD: single value decomposition).

3 SUPER-ASSET

The basicidea of Super-ASSET is tomeasure the
the kick of the bunch head to the bunch tail. Two bunchagakefield kick from one bunch closely following another.
It is necessary to take the first bunch oxpjitand subtract
it from the “sum orbit"™x; of both beams to get the kicked

beam orbitx,:

% = (0 X% + G X% f(1) /g

@

is more complicated. If the linac is not totally straight
the steering kicks of the magnet®atedispersion which
must be compensated.

with g; = g, + ¢, f(t) andf(t) is the response function of

the BPM:f(t) = O for alargetime separatiort of the two
bunches, ané(t) = 1 fort = 0.

2 DIFFERENT TECHNIQUES 3.1 BPM Response
Many other alignmenttechniques have been .

suggested taeduceemittance growthAfter mechanical The BPM response functiof(t) was measured by

alignment, beam-basedneasurementare used to center cOMbining positive (180) and negative(-1.0610")

the beam position monitors (BPM&)uadrupmeS’ and Signals in a test setup. Figure 1 shows the result

structures. Most of thegechniquegely on assumptions compared with a theoretical response. Since the BPMs are

which may not be valid. With the following table we tryself-triggered by the signal, the sum signal masteed a

to give an overview. certain thresholdg, + g, = Qg (=200 particles).
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Figure 1: Measured (o) and calculated (*) BPM
response. Due to the slow rise time of pulsssd in the
test setup, the minimum hifted to+2 ns, which can
be alsomodeled(x). Thedashed and dash-dottéides in
the top left, would be the curves, if the BPMwere
triggeredexternally and not self-triggered bythe beam.
The dashed curve is 1.5E10 (1-fft)).

When superimposing bunches of differeign charge,
the BPM resolution can be significantlycreased because
the measuredbffsets are normalized tothe total beam
current, which is small. Faexample, 40'° — 310"
0.410"°=q, ,x,=0,x; =@, X / g = 10x,. The BPM
readoutwill saturate for big offsets, so on#y0.8 mm
offsets can be measured rather than thetRilinm.

3.2 Wakefield Kicks
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Figure 2: Wakefield of an SLC accelerator structure.

The maximum wakefield of an SLC accelerator
structure is aboutW; = 5 V/pC/mm/m (Fig. 2).
Therefore folN = 5010 particles(8 nC), anoffsetAx =

1 mm, and a 12 m long structute)(the transverse kick
6 is 480 keV [E:

6,=e N LAXW;/E. 2

This kick will affectthe beamdifferently at different
points along the linadepending orthe energyE and the
betatron functiorB of the focusing latticeAveraged over
a bunch length of about.2 mm the wakefield is only
Wiae = 1 V/IpC/mm/m 0or20% of the peak. Table
shows the effect of thiwakefield at differentocations in
the linac. At the beginning of the linac (LiO®)ere is
only a3 m structure between quadrupoleBhe region
about 500 meters along the linac (Li05) is tmest
sensitive by aactor of 2.5-3, becausethe quadrupole
spacing becomes largand the energy isstill relatively
low. Li30 is the end of the linac.

2

Li02 Li05 Li30
E[GeV] 1.2 7 46
Biax [M] 10 40 50
g, [urad] 14 3 1
6 [urad] 80(/4) 14 2
g, [um] 140 115 50
Ay [pum] 200 540 100
ratio=6/0’ 1.4 4.7 2

Table 2: Effective kick of a 1 mm accelerator structure
offset betweenquadrupoles comparedith the angular
divergenceg,’ for an emittance ofg, = 0.4510° m-rad.

3.3 Measurement Sensitivity and Systematic

As seen from the Tab. 2, a 1 mm offset of bieam
in a structure would cause an average centroid displacment
of 1.4 to 4.7 timew,, increasing therojectedemittance.
To measurethese kicks, thedifference orbit at two
different bunch separations is usedy. A/2 and 3/2, or
3A/2 and 9/2 (A = 105 mm). The wakefield kick changes
sign for different separations, enhancing the sensitivity of
the measurement. &Wefield differences of 4 or
6 V/IpC/mm/m produceeffectively 5 timesthe offsetdy
of table 2 or aboult mm, 2.7 mm, 0.5 mmfor the
threelocations. A typical measuremewith €/ might
be 210" positrons follow by 810% electronswith a
difference orbité g = X4 — Xop = 3(ea — %) = 1.2, 3.2,
0.6 mm. The BPMreading isabout 0.5 to 3 times the
structure offset, indicating that with a BPM resolution of
10-20um, one measures the structure offset to about the
same resolution. Averaging mamgadings can further
increase the accuracy.

4 FIRST MEASUREMENT

Although the experiment with highburrent electron
and positron bunches has not yet begrrformed,
preliminary tests with two electron bunchegre made
during the 1997 SLACfixed target run. Acharge of
3.010" in two bunches X = 105 mm apart), or of
1.510 in one bunch wasaccelerateddown the linac

(Fig. 3).
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One and Two Bunch Setup
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Figure 3: Gap monitor signal of one or two bunches.
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The expected kick is much less for tlaignfiguration:
2.7 mm insector 5 become8.8 mm atthesecurrents
which is measured a®.4 mm when the BPMsaverage
two same sign bunches and is further reducedd 1 mm
because the wakefields are 2 rather tharypC/mm/m  at
this separation. Alosedbump of2 mm peak(1.7 mm
effective) should produce an oscillation of about
0.27 mm, ingood agreemenwith the measuremenfsee

Fig. 4).
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Figure 4: Wakefield kick of 2 mm bump, top:for one
bunch nearly closedottom: for two bunches 250 um
oscillation starts.

5 COMPENSATION METHODS

Once the accelerator structure misalignments are
known, there are two basic approachesFirst, there is
mechanicahlignment which may be onlgractical for a
few worstoffenders.Second, one may attempt fiod an
optimal beam trajectory through these misalignments.

Simulations have shown that dispersive emittance
growth which is normally 4 times smaller than the
wakefield growth may increase dramatically if the beam is
steered tothe center of the structures toavoid any
wakefieldkicks. Clearlywakefield anddispersioneffects
have to be minimized at the same time. Ttas bedone
by cancelingwakefield anddispersion growttseparately
over one betatron oscillation (®rrectors for &e). One
may also try tocancelthe growth locally bytrading the
dispersive kick off against the linear part of tlekefield
kick. The method to be used is still under study.

6 SUMMARY

With Super-ASSET, a bearbasedtechnique, we
should be able to measusadlocally correctthe biggest
source of emittance growth in the SLC linac — the
transversevakefieldkicks of theacceleratostructures. If
successful, this method promises to be usefulfdtire
linear colliders, and might relax the tolerances for
wakefield dominated designs.
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