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Abstract

The Accderator Test Fadility (ATF) a KEK is a test
accd erator for future linear colliders. Its purposeis to test
the feasibility of the production and dagnostics of

multibunch beamswith extremely low transverse emittance.

The beam operation of the damping ring started in January
1997 as an internationd collaboration. While instalaions
and improvement of many components has been continued,
themain target so far is to produce low emittance beams
with single bunch operation. Thestatus of the recent beam
experiment, methods and results of the beam tuning and
diagnostics will be reported.

1. INTRODUCTION

ATF consists of a 1.54 GeV S-band Linac, a damping
ring andan extractionling[1]. The ring has been designedto
produce extremey low emittance beam. The design
emittance are 1X10™* radm in verticd and 1X10° radm in
horizonta. Though operation of multibunch beam with
high repetition rate is very important for future linesr
colliders and should dso be testedin ATF, it was decided
that our first target should be to achieveand confirmthelow
emittance beam production with single bunch and low
repetition rate. For this purpose, the beam energy hasbeen
chosen to be 1.29 GeV because the S-band injector linac
could be more stable than at higher energies.

Table 1. Typical operation condition ad

design parameters of the damping ring.
Typical condition Design
Beam Energy 1.29 GeV 1.54 GeV
Repetition Rate 0.78 Hz 25 Hz
Bunch trains 1 4
Bunch/train 1 20
Circulating time 640 msec 160 msec
Wiggler magnets Off On
RF voltage ~300 kV ~500 kV
Bunch Population  [6-8x10° e/bunch| 2x10% e/bunch

Recent typical operation conditionof thedampingringis
listedin the Table 1. History of the beam operation was
reviewed in references[2][3].

2 UNDERSTANDING OF THE RING

2.1 Beam Position and Close Orhit

The single pass beam positions are measured using 96

BPMs in thering whereturn number to bemeasured canbe
sdlected. Inrepetitionrateof 0.78 Hz, datacan betaken once
pe one beam filling using present system. Position
resolution is estimatedto be aout 40 microns and recent
studies for improvement are reported in another paper.[4]

Orbits just after an injections aremonitored for injection
tuning and also used for optics test as described later.

After many (~100000) turns, the orbit becomes stable
turn by turn and is considered as the closed orbit.

A COD correction routine is available, in which a set of
strength of the dpole correctors are cd culated to make the
apparent beam offset at BPMssmall. Local orbit bumps ae
also used for orbit corrections. Typical COD (peak to pesk)
is about 2 mm in horizontal and 1 mm in vertical .

2.2 Optics Test and Correction of the Modd

Change of one-pass orbit by changing dpole correctors
(R,,) have been measured as a test of the first order optics
[5][6]. In the measurement, sextupole magnets wereturned
off to avoid nonlinear responses. Errors of strength of
quadrupole magnets and quadrupolecomponent of combined
bending magnetswereestimated fromthedata astypically
1% and maximum 3% wherethe accuracy is estimatedto be
about 0.5 %. Thesource of the erroris suspectedto beerror
of field measurement or interference between magnetsclose
each other. Butit has not been clear yet. Fig. 1 showsR12
of the origind modd and the corrected modd vs. measured
R,,. Each point corresponds to apair of adpole corrector
and aBPM. Itis obvious that theoriginal model shouldbe
modified.
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Fig. 1, Messured R, vs. cdaulated R,, using the origind
model (left) and the corrected model (right).

Responses of the dosed orbit to dpole correctors have
been also measured. For each corrector, the amplitudeof the
orbit change has some d fference from the corrected modd .
Thediscrepanciesareabout 20 % for the horizontal and 10 %
for the vertical orbit changes. Also tunes, beta functionand
dispersion function have some discrepancieswith the model
though they are not large. The source of the d screpancies
has not been clear but errorsrelated to the sextupol e magnets
or small error of the quadrupoles, which arenot sensitivein

469



the R,, test, are suspected.
2.3 Transverse Oscillation and Tune

Turn by turn beam position monitor (the oscillation
monitor) is used for injection tuning observing the beam
oscllaion at injections. It is dso used for transverse tune
messurement. There is the other system to monitor
transversetunes in red time.

To maketransverseoscillations for tune measurement, an
excitor which consists of four eectrodeshas beeninstalled.
Beam oscillaion is excited dso by shifting the extraction
kicker timing so that the beamis slightly kicked by thetail
of the pulsed field.

In the typicd operation condtion, measured horizontd
tune was dfferent from the cd culation based on the optics
model by about 0.03 whilethe difference of thevertical tune
was less than 0.01 as shown in the Table 2.

2.4 Beta function

Betafunctions (B, and 3) a positions of dl quadrupole
magnets have beam estimaed by changing the strength of
the magnets one by one and messuring the change of
transverse tuneg[ 7]. Asan exampleof recent measurements,
B, isshownin Fig. 2.
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Fig. 2, Messured (plots) and modd (lines) verticd beta
function.
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2.5 Dispersion

Dispersion function (n, andn,) at BPMs in the ringand
in the extraction lineare measured as theorbit differencefor
dfferent RF frequencies. The frequency of the ring RF,
whose frequency and phase arelocked with theinjector linac
a the injection timing, ae changed gradudly dfter the
injection and beam positions are messured An example of
the measured ), in the ring is shown in Fig. 3 with the
model.

To reduce the verticd dspersion in the arc section is
essentid to produce low verticd emittance. After COD
correction, addtiond correction using veticd dpole
correctors has been tested. Anexampleis shown in Fig. 4,
n, before and after the correction. Relaion between the
change of dispersion and emittanceis to be studied.
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Fig. 3, Measured horizontal dispersion in thering (plot) and
model calculation (line).
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Fig. 4, Messured verticd dspersion in the ring before
dispersion correction (top) and after correction (bottom).

2.6 Longitudinal Oscillation

Longitudnd oscillaions are monitored using a bunch
phase detector. It is dso used to messure the synchrotron
frequency. Dependence of the synchrotron frequency on the
total RF voltageis shown inFig. 5. Theline in thefigure
shows cdculaion using fitted momentum compaction
factor from the data (see Table 2).
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Fig. 5, Measured synchrotron frequency vs. RF voltage

(plot), the line shows cdculaion from the modd using
fitted momentum compaction factor.

2.7 Other Measurements

Energy spreadis estimated fromthe beam sizeon ascreen
monitor at large n, region of the extraction line.

Bunch length in the ring is measured detecting
synchrotron light using a streek camera Longitudnd
damping timeis cd culated from the measurement. Studes
concerning bunch lengthening andimpedance of thering are
reported in other paperg8][9].

The beamlife timeis measuredturning off the extraction
kicker and the following injections. The life time deta is
usedto study thering apertureandvertical emittance. Recent
studies are reported in other paperg 10][11].

Physicd and'or dynamic gperture has been studed from
beam life time and beam loss a injection.[12][13].
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3 BEAM SIZE AND EMITTANCE
3.1 IntheRing

In thedampingring, the transversebeam sizeis measured
detecting synchrotron light emitted in abending fildusing
two methods[14][15]. One is observing the beam profile
using gated camera. The other usesinterferometer with two
slits where the beam size is estimated from the ‘visibility’
of the interference and the distance of the two dlits. The
profile monitor is used for damping time measurement and
the interferometer is used to measure the equilibrium beam
size. Emittanceis estimated from the beam sizeand 3, , and
Ny, & the source point and the energy spread .

The estimated emittance is listed in Table 2 with
caculaed and design vaues. The main sources of the big
erors ae ambiguities of B,, and n,, because these
parameters andthe beam sizewere not measured at the same
time The horizontd emittance is dose to the modd
cdculaion and the verticd emittanceis around 4% of the
cdculaed horizontd one where our target is 1%. The
measured damping times are also listed in the table.

Table 2, Summary of beam measurement

measured model
COD inthe arcsection| x : <2.0 mm
(peak-to-peak) y : <1.0 mm
ny in the arc section <5mm
Tune X :15.17 X :15.145
y :8.72 y: 8715
z:0.00485 z: 0.00480
Momentum compaction 2 2ox 103 2.173%103
Energy sread  |16,0+0.3 x10%|  5.56X10*
€, measured in the ring 0-9t(1)'8
extractionlind 1.3+ d_z 108 ~1.470
(X10° radm)
&, measured in the ring 3'63'8 £, X102 @
(X10™ radm) '
Damping time X :19.5ms x :17.0 ms
y:29.9 ms y:27.3ms
z:20.6 ms z:195ms

9 Calculation without intra-beam scattering.
@ with intra-beam scattering, N=8x10° and €, = ¢,x10°2.
® Design value.

3.2 Extracted Beam

There are four wire scanner monitors for beam size
measurement in the extraction line. Knowing betafunction
and dspersion a the monitor positions are necessary to
cal cul ate emittance from beam size. Betafunction is fitted
from beam sizesat 4 places. The other methodis measuring
beam size changing strength of a quadrupole magnet
upstream of the monitor. Dispersion is messured by

changing frequency of the ring RF.

The horizontal emittance is estimated using the different
methods andthe averageis shown in Table2, whichisclose
to the modd cdculaion. The verticd emittance has not
been confidently estimated yet because the verticd beam
size is much smdler than the horizontd size so tha
possible x-y coupling could affect the vertical measurement
and effect of meassurement error of the dspersion is large
Another paper reports the measurement in detail[16].

4 SUMMARY

In recent operation, the optics model was modified based
on the messured beam orbit and various paraneters have
been compared with the modd. There is still a little
d screpancy between them and the error sources are being
studied. Themeasured horizontal emittancewascloseto that
of the modd cdculaion and the verticd emittance was
around 4% of the horizontal one where our target is 1%
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