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Abstract: The ATF2 project is the final focus system prototype for the ILC and CLIC linear collider projects,

with a purpose of reaching a 37 nm vertical beam size at the interaction point (IP). During the initial com-

missioning, we started with larger-than-nominal (G-functions at the IP in order to reduce the effects from

higher-order optical aberrations and thereby simplifying the optical corrections needed. We report on the

simulation studies at two different IP locations developed based on waist scan, dispersion, coupling and ( func-

tion multiknobs correction in the large 8 optics of ATF2, in the presence of two kinds of magnet inaccuracies

(quadrupole gradient and roll errors) to generate all possible linear optic distortions at the IP. A vertical beam

size which is very close to the nominal beam size is obtained based on the simulation study.
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1 Introduction

The Accelerator Test Facility 2 (ATF2) [1, 2] is
a test facility with an International Linear Collider
(ILC) [3] type final focus line, to reach a final beam
size of 37 nm at the optical focal point (hereafter re-
ferred to as IP, interaction point, by analogy to the
linear collider collision point). How to tune this small
nanometer beam size in both simulation and exper-
iment is a crucial point. During the initial commis-
sioning, from November 2008 to March 2009, we used
large 3 optics with 20 times G, (0.08 m) and 800 times
B, (0.08 m) at the IP and turned off all five sextupoles
in the ATF2 line to reduce high-order optical aber-
rations [4]. In April 2009, we started using 20 times
B (0.08 m) and 100 times 3, (0.01 m) (see Table 1).
For the optical correction methods planned for the
designed optics (8, = 0.0001 m), sextupole multi-
knobs are used; while for the initial commissioning,
we needed something different for rough adjustments
in the large 0 optics mode. During the commission-
ing, a Shintake monitor based on colliding the beam
with the interference pattern from lasers [5] is used
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to measure the beam size below 3 microns; while for
larger beam sizes, wire scanners [6] with 10 and 5
micron diameters are used.

In this paper, the principle of waist scan, disper-
sion, coupling and (8 function multiknobs correction
are first analyzed. Simulation studies at two different
IP locations (IP and 40 centimetres downstream of IP,
hereafter referred to as Post-IP, where the wire scan-
ners are installed) developed based on multiknobs in
the large [ optics of ATF2 are then described. In the
last section, the simulation results of the beam size

Table 1.
large (8 optics.

Beam parameters with nominal and

large 3 optics nominal 3 optics

nominal wire nominal wire

1P scanner 1P scanner

Bz /cm 8.0 9.90 0.4 0.495

By/cm 1.0 1.84 0.01 0.0184
Oz /pm 12.7 14.1 2.80 3.15

oy /Hm 0.343 0.466 0.0343 0.0466
QDO current/A  130.34 105.24 130.34 105.24
QF1 current/A 70.84 66.87 70.84 66.87
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correction and some further work needed for the prac-
tical implementation of these multiknobs during com-
missioning is outlined.

2 Multiknobs correction analysis

Since the beam line is not perfect, there are var-
ious kinds of magnet strength and alignment er-
rors, rotation errors, etc. Thus, when the beam goes
through the beam line with these imperfect magnets,
the particle orbits will be different from the ideal ones,
as a result, a larger-than-nominal beam size is ob-
tained at the IP, which is beyond our expectation. In
order to correct beam line imperfections or errors we
chose 1mrad rotation errors and 1% strength errors
at all quadruples in the ATF2 line to see the obvi-
ous effects and simulate the scanning of the minimum
vertical beam size using the coupling and dispersion
corrections with skew quadrupoles, the o waist scan
knobs with a final doublet (QDO0 and QF1 — a pair of
quadrupoles which are at the end of the ATF2 beam
line just before the IP) and the §, knob with one
matching quadrupole — QM12 which is located at the
beginning of the final focus line.

2.1 Simulation studies of the waist scan mul-
tiknobs at post-IP

Simulations on the large 3 optics were done to test
the adjustment of the beam waists at the Post-IP in
the presence of independent errors in the horizontal
and vertical planes. The final doublet is used to ad-
just the waist (o, ) at the Post-IP. From fitting with
the MAD (Methodical Accelerator Design) code [7],
which is a program widely used to design and cal-
culate the properties of particle accelerators, we get
orthogonal waist scan multiknobs at the Post-IP:

1) «a,=0.1, a,=0.0, dgpojqpo=—8.99x 107"
5QF1/QF1 =—-5.37 X 1074.

2) a,=0.0, a,=0.1, dgpo/qno=—T7.72x107?,
5QF1/QF1 =—1.36 X 1073.

For waist errors of reasonable magnitudes, adjust-
ments can be computed by efficiently scaling these
coefficients linearly. A first application study was
done with random relative field errors in all ATF2
quadrupoles, with RMS errors of 1%. Fig. 1 shows the
effect of correcting 100 seeds using the defined «, ,
multiknobs. The white and gray histograms show the
beam sizes before and after scans to find the minimum
values, while the black line shows the ideal beam size
that we want to reach. Residual horizontal dispersion

is generated by the above procedure for quadrupole
errors in the non-dispersive parts of ATF2. How-
ever, the corresponding contribution to the horizontal
beam size was found to be small enough to be ne-
glected for this set of errors, so the waist scan on the
horizontal plane seems perfect. While for the vertical
plane, the correction is not so good due to a large tail
in the gray histogram, that is because the 8 function
changes at Post-IP for this set of errors. Thus, a more
complete simulation study on multiknobs correction
is needed and is described in the following section.
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Fig. 1. ag,, multiknob orthogonal waist scan

with large (3 optics at Post-IP.

2.2 Dispersion correction multiknob at post-
IP

QS1X and QS2X — two skew quadrupoles of the
same kind in the ATF2 beam line are used for disper-
sion corrections, both on spatial and angular, since
they introduce sufficiently spatial and angular disper-
sion. We choose sum knob (QS1X+4QS2X) for which
QS1X and QS2X have the same currents. That is be-
cause the phase advance between QS1X and QS2X is
close to 7, as one can see from the twiss parameters
of the ATF2 line in Fig. 2, and they should not in-
troduce significant coupling if they are in a sum knob
since the effects are subtracted.

As dispersion may also increase effective emit-
tance, to check this effect, the strength of QS2X
varies around that of QS1X (fixed) to find the min-
imal emittance, and the result shows that minimal
emittance exists at 13.4 pm with a quasi sum knob
(QS1X+70%QS2X)“®. However, after comparing the
minimum vertical beam size corrected with a quasi
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sum knob (QS1X+70%QS2X) and the sum knob
(QS1X+QS2X), there is almost no difference.
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Fig. 2. Twiss parameter of the ATF2 line.

2.3 Coupling correction multiknobs at post-
P

As stated in Section 2.2, the dispersion correction
knob should not introduce significant coupling, but
it is in fact not so perfect and will introduce a little
coupling. Meanwhile, because of the roll errors of the
quadrupoles, a coupling correction multiknob? with
skew quadrupoles QK1X, QK2X, QK3X, QK4X is in-
troduced in the non-dispersion region so as to have
no influence on the dispersion correction. We first
choose a {xy) knob and then a (z’y) knob to correct
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Fig. 3.
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the coupling in order to minimize the vertical beam
size at the Post IP, since the (x’y) is particularly dom-
inant in the designed optics (5, = 0.0001 m). From
calculations to correct (zy), (zy’), (z'y) and (z'y’)
independently, we can obtain the matricial normal-
ized multiknobs efficiently, as shown in Table 2. The
correlations obtained with the calculated multiknobs
are shown in Table 3, from which one can see that
the multiknobs are well orthogonal.

Table 2. Coupling correction multiknobs with
QK1-4X.
Knob (normalized) QK1X QK2X QK3X QK4X
(zy) (1st knob) 1 —0.4667 —0.5500 —0.8722
(zy') (2nd knob)  —0.8722 —0.5500  0.4667 -1
(z'y) (3rd knob) 0.5500  0.8722 1 —0.4667
(z'y')(4th knob)  —0.4667 1 —0.8722 —0.5500

Table 3. Coupling correction orthogonal multiknobs.
correlations  1st knob  2nd knob  3rd knob  4th knob
(zy) 0.83 —0.12 0 0
(zy’) 0.12 0.83 0 0
(z'y) 0 0 0.83 —0.12
(z'y') 0 —0.01 0.12 0.83

2.4 (3 function correction multiknob at post-
1P

The matching quadrupoles QM12, QM13, QM14,
QM15 and QM16, which are in the beginning of the
ATF2 final focus line, are used to correct ay, [,
a, and B, at IP or Post-IP. When introducing 1%
strength errors to all the ATF2 quadrupoles, it may
change the § function at Post-IP, as mentioned in
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1) Bolzon B, Bambade P. Effect of skew quadrupoles corrections at post-IP wire-scanner, presentation in 8th ATF2 project

meeting, 2009-06-10.
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Section 2.1. Thus, we have to readjust the matching
quadruples to correct o, 3,, a,, and 3, at Post-IP. In
all five matching quadrupoles, QM12 has a good per-
formance that will correct 8, with only small changes
to a,, which can be seen from Fig. 3. Instead of fitting
all the matching quadrupoles QM12, QM13, QM14,
QM15, QM16, we choose only QM12 to correct 3, to
simplify the procedure.

3 Simulation on multiknobs correc-
tion

Simulation to scan the minimum vertical beam

before alfa, scan

size (tracking in MAD with energy spread 0.0008) us-
ing the coupling and dispersion corrections with skew
quadrupoles, a waist scan knobs with a final doublet
and the 8, knob with QM12 were done at the Post-
IP. We choose first to scan in only a single iteration
step by step within the strength limits of all the mag-
nets. Fig. 4 shows the results after the multiknobs
correction. The histograms show the vertical beam
size distribution after successive multiknobs scans to
find the minimum values, while the left dashed and
right solid lines show the ideal beam size and average
beam size after correction, respectively.

The vertical beam size goes down to 6.7x10~" m
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Fig. 4. After multiknobs correction to find the minimum vertical beam size at Post-IP.
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After multiknobs scan correction another two times to find the minimum vertical beam size at Post-IP.
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which is close to the ideal vertical beam size 4.67 x
10~7 m, but at around 1 micron, there are some badly
corrected seeds, amounting to about 15% of the to-
tal. After analysis of the phase space of these ab-
normal seeds, obvious correlation can be seen and
some coupling still remained. It means that another
iteration of the multiknobs scan is needed. A sim-
ulation study with the multiknobs scan correction
another two times is shown in Fig. 5, which indi-
cates that after the two another iterations, the ver-
tical beam size goes down to very close to the ideal
beam size.

When shifting back from the Post-IP to the IP, the
vertical beam size simulated is preserved, which can

before alfa, scan

be seen from Fig. 6. Thus, since the Shintake monitor
that is installed at the IP is still under preparation
for nanometer measurement resolution, the simula-
tion study of beam size multiknobs correction in this
paper makes tuning at the Post-IP feasible to prepare
the beam for the Shintake monitor.

As stated before, the simulation is scanned in all
the magnet strength limits, but there is an excep-
tion. The QK2X, QK3X which have the strength
limit 5 amperes before were found to be not large
enough for the scan. So the power supplies of the
skew quadrupoles QK1X, QK2X, QK3X, and QK4X
were changed to 20 amperes at KEK to match the
requirements®).
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Fig. 6. Results after shifting back to IP.

4 Summary and prospects

A large 8 optics mode has been chosen for the ini-
tial commissioning and, in this optics mode, a simu-
lation of coupling, dispersion, waist scans and ( func-
tion correction multiknobs was done in the presence

| of magnet strength and roll errors. A vertical beam

size which is very close to the ideal beam size was
obtained. In the ATF2 commissioning, a reasonable
initial correction of the beam size could be realized
by setting these knobs in a single iteration accord-
ing to this procedure and can be improved in several
iterations.
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