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Abstract

Thetarget of KEK-ATF is producing eectron beam with
veticd emittance of 0.01 nm-rad (1><10_11m-raa).
Corrections of the dspersions are essentid to achieve the
low emittance. Because the actua optics of the beam line
should be known for these corrections, beam based optics
dagnostics has been peformed Simulations showed the
vaidty and the accuracy of the method Effects of skew
quadrupoles have also been studied.

1 OPTICS DIAGNOSTICS

In the early stage of the operation of the ATF Damping
Ring, there were big discrepancies between observationsof
beam behavior and cd culaions based on our optics modd.
In orderto makethe model moreaccurate, optics diagnostics
was performed. The method were reportedwith resultsof its
test before[1].

Errors of quadrupole strengths of the quadrupolemagnets
and the combined bendng magnets have been estimated
using beams, by steering beam and measuring the orbit in
down stream. There areabout 100 steering magnetsand 100
BPMs in the ring and the measured response coefficients
(R and R,,) at the BPM's from the steering magnets arefit
by errorsof strength of quads, BPMsandsteerings. Magnets
aredvidedinto 10 types and we assumed that each type of
the magnetshas acommon error ratio because they havethe
same design. (See Table 1.) In order to correct the origind
modd, which is based on magnetic fidd measurements,
‘fudge factor’ has been introduced for each type as rdaive
error of the quadrupole field strength.

The dagnostics have been peformed severd times,
especidly when the optics setting was changed or beam
position monitor (BPM) system was modified.

Results from the most recent messurement are shown in
Fig.1 and Table1 whichwas taken in November 1998 after
improvement of the BPM dectronics [3]. To avoid non-
linear effects, sextupole magnetswere turned off. Becausea
pat of beam was lost far downstream for some settings,
BPMs only in 30m downstream changed steering magnets
were usedfor theanalysis. 10 BPMsin thewiggler sections,
which had big non-linear response were not used Fig. 1(a)
shows response coefficients from the steering magnets to
the BPMs cdculated using the origind modd without
‘fudge factors vs. measured coefficients. Fig. 1(b) shows
the modd with new ‘fudge factors vs. measured
coefficients. Thenew fudge factorsarelisted in Table 1. The
new modd has dfferent strength of quadrupole fidds from
the original model up to afew percent.
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Table 1. Magnet types and fudge factors

Type Number Fudge
of Magnets|  factors
BH1R-N 6 -2.07E-3 Combined
BH1R-Ma 16 2.87E-2 bend*
BH1R-Mb 14 1.58E-2
QF2R 26 1.11E-3 Main Quad
(thick) in Arc Section
H2 (thin) 8 2.20E-2 Matching Quad
H3 (thick) 8 -8.94E-3 in Arc Section
H4 (thick) 16 -1.04E-2 Matching Quad
T1 (thin) 4 -1.95E-2 in Straight
T42L 4 5.47E-3 Section
(thick)
T42S(thin) 6 1.01E-2

*BH1R-N, -Ma, -Mb have the same spec. but made by
different companies or from different lots.
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Fig. 1: Response coefficients from the steering magnetsto
the BPMs. (a):The original model vs. measurement and (b)
corrected modd vs. messurement. Both horizontd and
vertical coefficients are plotted.

After the dagnostics, modd cdculaions for orbit
corrections and dispersion correctionshave becomeuseful in
our beam tuning.

Simulaions were done to estimate the accuracy of the
method The meassurement of orbit change & BPMs
changing steerings was simulaed using the computer code
SAD [2]. In the simulation, errorswere set asin Table 2.

Table 2: Random errorsin optics diagnostics simulation.

BPM resolution (pulse to pulse) |gaussianr.m.s. 10 um

BPM position sensitivity factor | gaussian r.m.s 10 %

Steering's kick angle/ current | gaussian r.m.s 10%

Quadrupole fid d(thick magnets) Uniform +-1%

Quadrupole fiel d(thin magnets) Uniform +-2%
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Fig 2 : Set eror rétio vs. (left) estimated eror ratio of the
strength of quadrupolefieldand (right) differencebetweenthe
estimated error ratio and the set eror ratio. Results of dl
types from 22 dfferent random seeds are plotted The error
bars are the estimated resol ution.

The erors of position sensitivity factors and the kick
angles seem over estimated but further simulation studes
show that thefitting resultsof quadrupolefielderrorsarenot
sensitive to these errors. Lengthsof the quadrupol e magnets
ae 18 am (thick) or 6 cm (thin). We assumed the thick
magnets have less error because ther effective lengths are
expected to be beter known. The combined bendng
magnets were trested as thick magnets and BH1R-Ma and
BH1R-Mb are regardedas the sametype in this simulation.

BPM dataweresimulated from cal culated beam positions
considering the BPM resolution. 5 dfferent currents, 1=1,
-0.5, 0, 0.5, 1 A, were set for every steering magnetswhere
1 A corresponds to the kick angle of about 0.3 mrad. Optics
was set asadesignwhichis the baseof the present operation
optics.

The erors of quadrupole fidds, the sensitivity factors of
the BPM and the current-to- angle factors of the steering
magnetswereestimated using the sameanalysis program for
the real data. Simulations weredone with 22 random seeds.

The left of Fig. 2 shows set error ratiovs. estimated error
ratio of the quadrupole fidd strengths of dl types. Results
from dl 22 random seads are plotted together. The right
shows the dfference of estimated error ratio andthe set error
ratio. The error barsare the estimated resol ution propagated
from the resolution of BPMs, 10 micron. Most of the
estimations are consistent with the sat vaues within the
resolutions indcating thevdidty of thisandysis. Fig. 3
shows theresolution for eachtype of magnetsaveraged over
the 22 random seeds.

The result showsthat the common error for the sametype
of magnetsis expected to be estimated in good resolution.
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Fig. 3 : Estimatedresolution of strengthratio for eachtype
of magnets (%) averaged over the 22 random seeds.

2 TUNING FOR LOW EMITTANCE

2.1 Dispersion Correction

It is essential to makethe vertical dispersionsmall inthearc
sections for producing low verticd emittance beams.
Reaion between the dspesion and emittance was
simulaed using SAD [2]. In the simulation, dl magnets
were misdigned randomly with r.m.s. 20 micron. The
vertical dispersions at theBPMs were triedto be zerousing
the stering magnets. Simulaion was done for 2000
dfferent random seeds. Fig. 4 shows square of the vertica
dispersion averagedover theBPMsin thearc sectionvs. the
vertical emittance calculated by SAD. Other effects suchas
the intrabeam scattering were not considered One point
corresponds to one random misdignment. The emittance
has linear dependenceon the squareof thevertical dispersion
at BPMs as
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where ( )_ - meansthe averagein the arc sections.

Though we assumed the random misdignment of 20
micron, results of further simulations with other redistic
misdignment assumptions give dmost the same
dependence as the equation (1).

The result shows tha the verticd dspersion & BPMs
should be about 4 mm @ achieve our goal, 0.01 nm-rad.
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Fig. 4 : Saquare of the veticd dspeasion averaged over
BPMs in the ac section vs. the verticd emittance from
simulation.

Dispersion function at BPMs in the ring are measured as
the orbit differencefor different RF frequencies.

A dispersion correction routine has been developed. Set of
verticad sterings is cdculaed to reproduce the measured
dispersion in the perfect model and opposite of the steerings
are set. An typical exampleis shown inFig. 5, thevertica
d spersion before and after the correction. In this example,
r.m.s. of the verticd dspersion in the arc sections are 13
mm before the correction and 4.3 mm é&fter the correction,
from the equation (1), correspondng to the verticd
emittances of 0.10 and 0.011 nm-rad On the other hand,
goparent  emittances, roughly monitored using SR-
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interferometer [4], were about 0.08 and 0.05 nm-rad before
and after the correction, respectively. The resson of the big
dfference in the case of dter the correction has not been
known yet. Both the emittance measurement and the
dispersion measurement should be studied more.
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Fig. 5: Messured verticd dispersion before (top) and after
the correction (bottom).

2.2 Local Orbit Bump

Vertical orbit bumps havebeen appliedin thering to reduce
the veticd emittance in try-and-error monitoring the
vertical beam size using the SR-interferometer [4]. Because
the dispersion correction program assumes no strength
errors and no misalignment of magnets, the calculation can
not be pefect and this empiricd method is sometimes
effective.

2.3 Effect of Skew Quadrupole Fidlds

Trim coils of 4 sextupole magnetsare connected to produce
skew quadrupolefieldsthough there arenot skew quadrupole
magnets. The maximum strength of the fidd (SK,) is
estimated to be about 0.033 m™ for each magnet. We have
tried to seethe effects of the skews to the vertical emittance
but no clear effect has been observed so far.
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Fig 6 : Average of emittance vs. the limit of the strength.
From simulation with 100 random seeds, the eror bars
represent r.m.s. fluctuation.

Fig. 6 shows result of simulation of effectsof theskews.
All magnets had random dignment erors of r.m.s. 30
micron and rotaion eror rm.s. 0.5 mrad Orbit and
dspersion corrections were gpplied and strength of skew
fidds were searched for the minimum verticd emittance
assuming the emittancewas precisely monitored. Thefigure
shows the averageand the r.m.s. fluctuation of 100 random
seeds vs. the limit of the strength of the skews. The left
figure shows thecase using all 4 skews andthe right shows

the case using only 1 skew. The results show tha the
present limit, 0.033 m?, is lage enough, the effect of 1
skew will not be seen but proper set of 4 skews can reduce
the emittance. As shown in Fig. 7, the emittance can be
reduced more using more number of skews. Thetrim coils of
the dl sextupole magnets will be connected for skew
quadrupole fidds and the effects will be tested soon.
However to find a good setting of the skews is not straight
forward andwe need good emittancemonitors in order to try
many settings.
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Fig. 7: Emittance vs. number of skews. From simulétion

with 100 random seeds, the eror bars represent r.m.s.
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3 SUMMARY

First order optics dagnostics was performed and the modd
cdculaions have been improved The vdidty of the
dagnostics method was demonstrated and the accuracy was
estimaed by simulations. Methods for tuning for the low
vertica emittance, dispersion correction, loca bumps and
skew quadrupole fidds, were dscussed The dspersion
correction worked well and the gpparent verticd dspersion
seemed to be dose to the god for the verticd emittance,
0.01 nm-rad But the apparent verticd emittance wes still
large [5,6] and more study of both the dspersion and the
emittance measurement will be necessary. Effects of skew
quadrupole fidds have not been obseved yet. The
simulaion showed tha the effects will not be seen essily
but it is possible to use the set of skews for the low
emittance tuning with good emittance monitors.
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