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Abstract

This paper describes the error correction scheme for the
CEPC CDR lattice in Higgs mode, which has a small beta
function at the interaction point. The low emittance optics
has an enhanced sensitivity to the magnet misalignments
and field errors, especially for the final focus quadrupole mis-
alignment. The magnet imperfection will cause the closed
orbit distortion and optics distortion. The correction scheme
for these magnet imperfections includes the closed orbit
correction, the dispersion correction, the beta function cor-
rection and the betatron coupling correction. The resulting
performance and the dynamic aperture for the corrected
lattice are studied.

INTRODUCTION

The Circular Electron-Positron Collider (CEPC) is a
100 km circumference double-ring Collider [1], the luminos-
ity at Higgs is 3 x 103* cm~2s~! with 242 bunches. The L*
is 2.2 m and the strength of first quadrupole is 136 T/m. The
CDR lattice has a small beta function at the interaction point,
whichis B,/B, = 0.36/0.0015 m. The low emittance optics
which is €,/€, = 1.21/0.0024 nm has an enhanced sensitiv-
ity to the magnet misalignments and field errors. It contains
thousands of magnets, the corresponding magnet imperfec-
tion will cause the closed orbit distortion (COD) and optics
distortion. Especially the final focusing quadrupole magnets
(FF) near the interaction point (IP), the lattice with the small
beta function is very sensitive to the FF misalignments. In
this paper, we present a correction scheme for the magnet
imperfection on the CDR lattice at Higgs mode [1] and the
corresponding correction results. We also perform the dy-
namic aperture (DA) tracking to the corrected lattice, where
the DA requirement is 80, x 150, x 0.0135.

MAGNET IMPERFECTION

Table 1 lists the magnet misalignment and the field er-
rors used in this paper. All error sources follow a Gaussian
distribution truncated at +3¢. We generated 1000 random
lattice seeds for testing the passing rate of the current error
correction scheme.

CORRECTION SCHEME AND
CORRECTION RESULTS

The correction is mainly based on SAD [2] and MATLAB-
based [3] Accelerator Toolbox (AT) [4] and described in
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Table 1: Magnet Misalignment RMS Errors and Field Errors
for the Collider Ring

Component Ax(mm) Ay(mm) A6, (mrad) Field error
Dipole 0.10 0.10 0.10 0.01%
Arc Quadrupole 0.10 0.10 0.10 0.02%
IR Quadrupole 0.10 0.10 0.10

Sextupole 0.10 0.10 0.10

detail elsewhere [5]. The horizontal correctors and verti-
cal correctors are placed beside focusing quadrupoles and
defocusing quadrupoles, respectively. The total number of
horizontal (or vertical) correctors is about 1500. The beam
position monitors (BPM) are placed at quadrupoles with
four per betatron wave. Firstly, we perform a COD correc-
tion with sextupole off, then we turn on the sextupole and
perform the COD correction again. The COD correction is
applied using the orbit response matrix and SVD (singular
value decomposition) method [6]. Figure 1 shows the COD
after correction for 955 converged seeds, the RMS values of
both horizontal residual orbit and vertical residual orbit are
lower than 50 um.
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Figure 1: The RMS values of (upper) horizontal residual
orbit and (lower) vertical residual orbit after COD correction.

The dispersion correction is performed for the converged
seeds shown above. The dispersion free steering method [7]
is used for dispersion correction. There are 724 converged
lattice seeds after dispersion correction, the horizontal dis-
persion distortion and vertical dispersion distortion after
dispersion correction are shown in Fig. 2. The RMS value
of horizontal dispersion distortion is decreased from 31 mm
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to 2.2 mm. The RMS value of vertical dispersion distortion
is decreased from 42.7 mm to 5.9 mm. There are about 14
times and 7 times improvement for horizontal and vertical
dispersion after dispersion correction.
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Figure 2: The RMS values of (upper) horizontal dispersion
and (lower) vertical dispersion after dispersion correction,
where the blue curves are the dispersion distortion before
dispersion correction and the red curves are the dispersion
distortion after dispersion correction.

We then performed the beta beating correction for the
lattice seeds passing through the dispersion correction by
using AT-based LOCO (Linear optics from closed orbits
algorithm [8]). The dispersion distortion is also reduced
by fitting the response matrix during the beta beating cor-
rection. Figure 3 shows the beta beating before and after
the correction. There are 724 converged lattices seeds after
the beta beating correction. The RMS value of horizontal
beta beating is decreased from 37.7% to 11.2% (factor of 3
improvement). The RMS value of vertical beta beating is
decreased from 11.7% to 5.1% (factor of 2 improvements).

In order to minimize the emittance due to coupling,
the skew coils on sextupoles and some independent skew
quadrupoles are used to minimize the coupling. The trim
coils of the sextupoles which can provide a skew-quadrupole
field are used to do the emittance tuning, as shown in Fig. 4.
The emittance is calculated to be ¢, = 1.2131 + 0.0040 nm
and €y = 0.0777 + 0.0023 pm. Thus, the emittance ratio
ise, /e, = (0.0064 + 0.0002)%, which satisfies our design
requirement.

We track the DA over 145 turns corresponding to one
damping time for above converged lattice seeds with er-
rors. Figure 5 shows the DA results of all selected lat-
tice seeds, the statistical results are also shown in Fig. 5.
The DA of the lattice with errors is calculated to be
90, x 200, x 0.014. The DA requirement with on-axis
injection is 8o, x ISUy x 0.0135, so the DA after error
correction satisfies the requirement of on-axis injection.
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Figure 3: The RMS values of (upper) horizontal relative
beta beating and (lower) vertical beta beating after beta beat-
ing correction, where the blue curves are the beta beating
distribution before correction and the red curves are the beta
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Figure 4: The RMS values of (upper) horizontal emittance
and (lower) vertical emittance after coupling correction,
where the red curve is the fit to the horizontal emittance
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Figure 5: The tracking (upper) horizontal DA and (lower)
vertical DA, where the black curves are the DA result with
bare lattice, The blue curves are the DA results of all lattice
seeds, the yellow curves and green bands are the statistical
mean DA and the corresponding statistical error bands, re-  [7]
spectively. The pink curves are the lower limit of DA with

90% confidence level.

(6]

SUMMARY (8]

In this paper, we perform an error correction for the
CEPC CDR lattice with magnet imperfections which in-
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30 T T[T T[T T T[T T T[T T T[T T[T TTTT cludes 100pmforallmagnetmisalignment, 100pradfor
all magnet tilt, 0.01% for all dipole magnet field error and
0.02% for all arc quadrupole magnet. The passing rate is
evaluated to be 72.4%. The tracking DA is evaluated to be
90, x 200, x 0.014, which satisfies the on-axis DA design
requirement.
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