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Abstract dispersion. In measurement of beam qualities, it is also
important to know the optics of the beam line. Strength
The ATF (AcceleratorTest Facility inKEK) damping  error of quadrupolenagnetaffectsthe estimation obeta
ring has been designed to produce the low emittaeeen  function at measurement poiahddispersion correction.
required by future linear colliders. In the design, theThe lattice diagnostics have begerformed byanalyzing
normalized vertical emittance of the ATF damping ring ishe extractedbeam orbit with perturbations given by
3.0E-8radmwhich corresponds tdhe vertical beansize  steering magnets.
of about 10 micron in the extraction line. Témittance
of the beamextractedfrom the ATF dampingring is 2 ATF DR EXTRACTION LINE
measuredvith four wire scanners located in a dispersion
free region of the extraction line. The optics of the2.1 Layout of Extraction Line
extraction line is alsatudied. Wewill report themethod o o
The layout of the extraction line is shown in Fig. 1. In

and the result of the emittance measurement at the o )
extraction line. the extraction line, a double kicker system was chosen to

suppress a beam position jitter eftractedbeam. The
1 INTRODUCTION emittance of the beam extracted from the damping ring is
] ) i ‘measuredvith four wire scannersand ahigh resolution
The beam operation of the ATF damping ring started ig5sphor screenmonitor located in adispersion free
January1997. The first main target is tproduce oW tegion of the extraction line. The wisgannersare spaced
emittance beams W|th_ single bunch operauqnortler 10 spout 2.1 m aparandair Cerenkovdetectoror y-rays
measurethe low emittance beam, therecise beam 4 ced inbeam-wire scatteringre installed atdown
diagnostic and monitoring tools are necessary. In gieam of the wire scanners .
extractionline, four wire scannersand high resolution
phosphorscreenmonitor systemhave been installed to 2.2 Optics Diagnostics
measure the extracted beam of small transverse
distributions. There are 16beam position monitors
(BPMs) and an integrating current transformer (ICT)
which measurethe beam orbitand beam intensity,
respectively. Especially the measurement sinall
transverse emittance is difficult by theason of abeam
position jitter and contribution of dispersion to beam siz
so the wire scanners artthe high resolutionscreen
monitor are located atdispersion free region in the
extraction line to minimize theeffect of error of

There are 16 quads ithe extraction lineandonly one
pair quads has common power supply. Errors of
quadrupole magnet were estimated by changing strength of
steering magnetand measuring beanpositions. The
measuredvalues were 1-2 components of thdransfer
matrix from steering magnet to BPM@&d comparedvith
She model. Errors of strength ofjuads, BPMs and
steeringsare fit by the measuredresponse coefficients.
Fig. 2 shows estimated relative errors of k-values of
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Fig. 1 Layout of the ATF-DR extraction line
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magnets, Ak /K, ., Large errorbars in this figure frequency ramp. The orbit change is proportionahd

correspond to quads whostrengtharevery small. These /a., wherea, is momentum compaction factor. The
errors are larger than the errors of current setting of powerndn’ at the extractedpoint from the ring andr, are fit

supplies whichare estimatedess than 0.4 %. Thexact by the measuredcoefficients. The energyspread was
origins are not understoodyet, however it is suspected measuredusing screenmonitor at theplace of large
that BPM responsewere affected bybeam loss at the dispersion.

middle region of the extraction line.
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Fig. 2 Fitted relative errors of quads k-values
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2.3 Diagnostic tools _ : _ : 1
Fig. 3 Measurechorizontalandvertical dispersion in the

In the extraction line a 13(im thickness phosphor extraction line (plot) and fitted result (line).
screenwhich was Alumina-ceramiavith chrome doped .
wasused andhe CCD camerawith high magnification 3-2 Emittance Measurement
lens was placed at 50 cmaway from the screen.

Resolution of monitor system is about ~Bfh due 10 neagyrementswere performed using phosphor-screen
granularity Of material scattered light. _ monitor and wire scanner. As the damping rifgeam
Beam-profile measurement aroundpin accuracy is  geyelopment advancedsuch as COD correction and
made using a wire scanning method. The measurementgtica| dispersion correction, emittance became smaller
performed using 5Am gold plated tungsten wire. BBCh 5 the transverse beam siag,) reduced to about 20m
scanners, a wire is stretched in three directio®sY,U). iy vertical and 200 pm in horizontal in theextraction

The beam sizeletermined bythe U-wire is usedfor a jine2]. The resolution ofphosphor-screemonitor was
coupling measurement betwedte X and Y directions. ot engugh for dew 10 um beam-profile measurement.
The vacuunchamberhouses the wire mount, which is On the other hand, aown in Fig. 4, thavire scanner

held at anangle of 45degreesOne of theslider is the qides a sufficient resolution down to several fraction of
stepping-motor stage, which has a itb step resolution \yire giameter. Irthis casethe sigma of beam size was

and a 0.1 pm repeatability. For fine-resolution fiyeq assuming a Gaussian distribution. Since wiee
measurements, a thizarbon wire of 4um diametewill o« o finite thickness (5m), the measured beam sizg
be used in ATF-DR extraction line. Air Cerenkov g expressed as,?= o2 + 0,2 whereg, is a truebeam
detectors haveinstalled to detect y-ray signal of gj;e andg,, is effective wirethickness whictdepends on
bremsstrahlung produced by the beam passing through {48 shape of thpenetratednaterial. (5612) wasused as
wires[1]. In normal operation thesdetectors provide a 0,2 in our analysisBeamintensity of eachpulse was

signal-to-noise (S/N) ratio of at least 10 to one. measuredising ICT placedbetweenMW3X and MW4X
k i f iati f i ity.
3 EMITTANCE MEASUREMENT IN to make corrections for variations of beam intensity

In the extraction line, transverse beam size

EXTRACT'ON LlNE =508 MWSX Fine Scan (pulse number control )
15.00 [start[ stop | Naverage 3
3.1 Dispersion Measurement . ST S o om
The dispersion in the extraction line fseasured by L »/X\r e T
detectingthe orbit changeinduced by changing of rf 50 wep Otz R
frequency in the ringFig. 3). At injection into the ring, Fig. 4 Typical wire scan i

rf frequencyhas to besynchronizedwith the linac rf. A ) ) )
few 100us after the injection, the ffequency isramped For beam Size measurement using wire scanbeesn
over a time period of 50 ms. The beaneidracted from Position at the wire is calculated from BPMs datadach

the damping ring about 450 mafter the end of the Pulse to subtraatffect ofbeam position jitter from the
data.
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The contribution of the dispersion to beam size is not This value is consistent with calculated values from the
negligible. So it is also important tmeasureand correct model which are 1.08xI0radm in case of no intra-beam
the dispersion precisely at measurem@uint. The scatteringand1.47x10° radm with intra-beam scattering
dispersion ateach wire scannewas derived from the of 8x1( e beam intensity and 1% coupling.
dispersion measurement at BPMsd the dispersion in As for vertical emitance measurement, severabr
horizontal iscorrected by aorrection software changing sources have to beonsideredOne is wiretilt which is
guadrupole’sstrength at large dispersion place. After thestretched inhorizontally for vertical size measurement,
correction horizontal dispersion is reduced to less than 2@cause extractedeam is very flat. Theecondone is
mm. However in vertical direction weneed ahigh beam position jitter pulse-to-pulse comindgrom
resolution BPM system fatequireddispersion correction. extraction kickerand instability of the ring. Observed
We subtractedhe dispersioreffect from measured beam vertical position jitter is around 20 um which is
size in our analysis. comparable to beam size in case of sifdalihe third one
is dispersion coupling. The x-y couplingould be

_ observed orthe screen(MS5X) which was close to the
T e first wire scannerand as chnging aquadrupole (QD5X)

at themiddle of extraction line beantilt angle changed.

It is suspected that dispersion may leak from horizontal to
vertical by small x-y couplingndr,, at thescreernwere
changedvhen QD5X waschanged, becauswrizontal '

is very large atQD5X. So weneedcareful beam orbit
tuning atlarge n' region to suppress the dispersion at
diagnostic region. To estimate the vertical emittance
i precisely, it isnecessary to corregt, at the wireand to
T TaE e remove beam tilt. Preliminary result of vertigahittance

E . . .
x10 Horizontal Emittance Waist Scan

(MWIX Beam Size)A2 {m 2]

_ _ | OFSX Cument [A] measurement is 2.0~7.0x¥0adm which is inconsistent
Fig. 5 Waist scan plot iX using QF5X with the SR interference monitor in the ring [3].

R 4 SUMMARY

NN Beam size and emittancewere measuredising wire
scanners in the extractiodine. The resultswere €, =
1.3+0.2x10 radm anck, = 2.0~7.0x10° radm. Toreduce
unknownerrors ofthe measurements, it isecessary to
improve diagnosis of the beam limadalso the monitor
system. Especially for very small beam simeasurement
it is important tocorrect the dispersion at measurement

point and to refine position jitter subtraction.
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3.3 Data analysis and discussions
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In our emittance measurement, the result of horizontal
emittance is1.3+0.2x1@ radmwhich wasaveraged over
waist scan measurements and 4-wires scan measurements.
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