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Abstract

KEK-ATF is a test facility for future linear colliders
producing extremely low emittance beams. The target of
the vertica emittance in the damping ring is about
1.5E-11 rad-m, 1% of the designed horizontal emittance.
In an electron circular accelerator, the dominant sources
of the vertical emittance are the vertical dispersion in arc
sections and the x-y orbit coupling, caused by some
errors. Previoudly, it has been reported that a small
vertical emittance can be achieved by local orbit bump
tuning with a good beam size monitor and a good BPM
system [1][2]. We have recently developed a method to
correct the vertical dispersion and the coupling by using
only the BPM system. Simulations assuming a realistic
misalignment, performances of monitors and correctors of
the ATF damping ring predict that this method will be
effective. Recent beam test showed that the vertical
dispersion and the x-y orbit coupling can be made
sufficiently small after the corrections.

1 MEASURES OF BEAM QUALITY

The dominant sources of the vertical emittance are the
vertical dispersion in arc sections and the x-y orbit
coupling. We introduce here two quantities which
characterize these sources of the vertical emittance.
R.m.s. of the vertical dispersion in the arc sections, 74
and the x-y orbit coupling, Cxy.
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this is obtained by measuring the closed orbit distortion
while changing several horizontal steering magnets, one at
atime. Here, Ax and Ay are beam position change at
each BPM in response to each horizontal steering magnet.
Nsteer isthe number of changed horizontal steerings. An
average over several steering magnetsis taken.
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2 SIMULATION

2.1 Vertical Dispersion vs. Emittance

First, correlation of nﬁrc and the vertical emittance was
simulated. Fig.1 (a) and (b) show the correlation in two
different conditions where the case () simulated a tight
orbit correction for a realistic aignment. The case (b)
simulated aloose orbit correction for a good alignment.

In the case (@), misadignment of magnets are set as
actually measured and additional gaussian random
misalignment with sigma=20 pm are set to consider errors
in the alignment measurement. COD correction using
steering magnets is assumed which minimize

) (s + Vs ®

Where Xmeas and VYmeas &€ measured horizontal and
vertical closed orbit, respectively.

In the case (b), misalignment of magnets are set simply
according to a random gaussian distribution with r.m.s. 20
pm. The COD correction in this case was applied to
achieve

|xmeas| <2mm and |yrma5| <lmm. (@]

Simulation was done with the computer code SAD [3].
Results from 500 random seeds are shown for both cases.
No intra-beam scattering was taken into account in the
emittance calculation.
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Fig. 1, Smulated 7%¢ (mm?) vs. vertical emittance
(nm-rad) after COD correction in, two different
conditions.

In the case (b), ngrc and the emittance have a strong

correlation. In this case, if the dispersion is made small,
the emittance is expected to be also small. On the other
hand in the case (@), which is considered more redlistic,
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though the tight COD correction makes dispersion small,
reduced dispersion does not necessarily mean small
emittance.

2.2 x-y coupling vs. Emittance

Correlation of Cxy and the vertical emittance are
shown in Fig.2 (@) and (b) for the same two cases in the
previous section. In the case (@), if Cxy is made small,
the emittance is predicted to be also small. In the case (b),
small Cxy does not necessarily mean small emittance.

These results suggest that to make the vertical emittance
small, we should make both 775 and Cxy small.
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Fig. 2, Smulated Cxy (x-y orbit coupling) vs. vertica
emittance after COD correction in, two different

conditions.

2.3 Smulation of coupling correction

For the purpose of coupling corrections, the trim
windings on al 68 sextupole magnets in the arc sections
of the ATF damping ring have been arranged to produce
skew quadrupole fields. The x-y orbit coupling parameter
Cxy will be affected by introducing these skew
quadrupolefields as:

3 (&%) E/Nsteer (5)

BPM
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Herethe Jy isthe expected changesof Ay dueto the
skew quadrupole fields. The coupling correction can be
achieved by minimizing C)/(y by using a suitable
combination of skew quadrupole fields.

We have studied the effects of such corrections on
vertical emittance in simulation. Two horizontal steering
magnets which are apart by 3/27: in horizontal and
1/2n invertical phase advance were used to evaluate the
quantity Cxy. There are two families of the sextupole
magnets, each with 34 units. All magnets in each family
are used to make coupling corrections. During the
simulation, the magnet misalignment was set according to
the actual measurement. Before applying coupling
corrections, a COD correction was done, where each
BPM was assumed to have a random misalignment of
r.m.s. 300 um relative to the field axis of the nearest
magnet.

Results of the simulations are shown in Fig.3 from 50
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random seeds, the distribution of the vertical emittance
and the distribution of the orbit coupling, Cxy, before
and after the coupling correction .

These simulations show that the coupling correction will
be effective in reducing the vertica emittance. The
average vertica emittance after COD correction is
23E-11 m-rad and 1.0E-11 m-rad after the coupling
correction. The average x-y orbit coupling is 0.062 and
0.035, respectively. Though the coupling correction will
affect the dispersion in principle, it was found that the
COD/dispersion and the x-y coupling can be corrected
independently.
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Fig. 3, Distribution of the vertical emittance (nm-rad)
(left) and orbit coupling, Cxy (right), before (dashed
line) and after (solid line) coupling correction.

2.4 Effect of BPM errors

So far, only the transverse offsets were considered as
BPM errors. The offset error will not affect the dispersion
measurement and the orbit coupling measurement because
they are based on differences of the orbit. In usual
dispersion measurement, orbits are measured with
momentum offsets of about 1.0%. The changes of the
horizontal orbit at BPM in the arc sections is typically 1
mm, where the dispersion is about 100 mm. Since the
vertical dispersion should be within roughly +5 mm for
small emittance (see Fig. 1(a)), the vertical orbit change
should be measured with an accuracy of 50 um or better.
In orbit coupling measurements, the horizontal orbit is
also changed typicaly by about 1 mm and accuracy for
measuring the vertical position difference should be better
than 50 pm, because Cxy should be less than 0.05 (see
Fig. 2(a)).

Resolution of our BPM system is well within this
required accuracy. However, any imperfection of the
calibration of the total BPM system will cause systematic
errors of the vertical position difference, when the
horizontal position differenceislarge.

This error was simulated as a random rotation around
the beam axis of each BPM.

Simulation showed that the BPM rotation will affect the
vertical dispersion correction in which steerings are set as

minimize 2'732/- (6)
BPM
where 7 isthe apparent vertical dispersion at BPMs. It
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was found that it is better to make both apparent offset
and dispersion small, or to set steerings as

minimize ) y2 +a? 2032, @)
BPM BPM
where yisthe apparent vertical beam offset at BPMs, a

the constant factor which should be chosen as

a=my/(ny xr) (8)
where myandr are typical vertical misalignment and

rotation error (in radian) of BPMs and rny , typica
horizontal dispersion. Simulations of this COD/dispersion
correction showed that r.m.s. of the rotation error up to
about 0.03 radian is acceptable.

On the other hand, from simulations assuming large
random BPM rotation error with r.m.s of 0.1, it was
found that the orbit coupling correction will not be
significantly affected by the BPM rotation error. The real
orbit coupling should have special patterns defined by the
optics and the random rotation error will hardly produce
such patterns. The random error will be smeared out and
will not affect the correction though apparent Cxy will
be increased.

3 EXPERIMENT

In usual beam operation of the ATF damping ring, COD
and vertical dispersion corrections are done first, then
orbit coupling correction istried.

Fig. 4 shows typical measured vertical dispersion as a
function of s(m) after COD/dispersion correction. The
factor a in the Eq. 7 was chosen to be 0.1. 77z Was
2.6 mm.

Fig. 5 shows the response of vertical beam position (um)
to two horizontal steering magnets as functions of BPM
number before and after the coupling correction. The two
steering magnets were chosen whose betatron phase
distance was about 3/27 in horizontal and 1/27 in
vertical. The horizontal orbit was changed by about 1 mm
with each magnet. The settings of the steering magnets
were the same in the both cases. Cxy was 0.056 before

the coupling correction and 0.041 after the correction.
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Fig. 4, Typical vertical dispersion as a function of s(m)
after COD/dispersion correction.
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Fig. 5, R&ponsé of vertical beam positibh (um) to two
horizontal steerings as functions of BPM number before
(top) and after (bottom) coupling correction.

The simulations shown in Figs 1 and 2 predict the
vertical emittance about 0.01 nm-rad or less with the
obtained 7zc and Cxy . However, the measured
emittance was still typically about 2~3 % of the horizontal
emittance, 2~3 times bigger than our prediction and goal.
The result is not consistent with the simulations. Error of
monitors, unknown nonlinear magnetic field in the
extraction line before the beam diagnostic region,
corrective effect in the ring and in the extraction line are
suspected as the source of the discrepancy and under
investigation in recent operation[4].
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