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Abstract large dynamic aperture for the bare lattice of KEKB. After

At KEKB, six quadrupoles of special shapes are placed .canceling main transverse nonlinearity of sextupoles, the

; : . Yynamic aperture is limited by small residual terms such as
the interaction region. Those quadrupoles are accompan

I . . . ) )
by higher-order multipole components which are promiE e nonlinear Maxwellian fringe field of final quadrupoles.

. .The iron-core quadrupoles near IP accompany higher-order

nent sources to degrade the dynamic aperture, and which . : .
: i ; . multipole components which may degrade the dynamic
even affect the linear optics because the design orbit passes . .
) X aperture. In this paper, we discuss how to treat the mul-

through one of the special quadrupoles off-axis. In order t : .

L o ipole components and examine their effects on the beam
represent realistic field distributions of those quadrupole

obtained by hardware design, we take the higher-orderm ynamics mainly in the high-energy ring (HER), because

tipoles up to 21st into account in our simulation. Using thiL’_"ER is strongly affected by the multipoles of the vertical-

model, we have redesigned the linear lattice and have e?o_cusmg quadrupoles named QC1LE and QCIRE placed

timated tolerances on the magnitudes of multipole compg—ext to the superconducting ones.

nents.
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1 INTRODUCTION *75ﬂH125*|F125ﬂH%H
KEKBI1] is an 8 GeV + 3.5 GeV electron-positron double- J 5
ring collider with small vertical beta function at the in-

teraction point (IP) §; = 1lcm) and short bunch spac-
ing (59 cm). In order to separate both beams, a finite
beam crossing angle of 22 mrad is adopted, and eight spe-
cial quadrupole magnets listed in Table 1 are installed near
IP. Two final-focus quadrupoles are superconducting mag-
nets which work on both beams. The other six are iron-
core magnets with special shapes to let the counter-rotating !
beam pass through unaffectedly.
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Magnet 1 B’ Tmar  Ymaz Beam |
(mm) (T/m) (mm) (mm)

QC2LE 60 3.2 67.5 13.3 e |

QC2LP 40 6.1 56.9 10.2 et 1 A

QCILE 38 -142 224 207 e |
QCsSL (75) -21 13.3 199 e |eT T g .
(IP) I SN g

QCSR (75) 21 142 243 e |et ]

QCI1RE 70 -13.2 285 266 e |

QC2RP 45 2.9 68.6 119 et 7 i

QC2RE 60 10.8 69.2 16.3 e |
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Table 1: Special quadrupole magnets near IP. In the
first column,r; is the bore radiusp’ the field gradient,
Tmaz@Ndmae,: the maximum amplitudes of the injected
beam in the horizontal and vertical planes. The positive
sign of B’ means horizontal-focusing.

Figure 1: Schematic view of QC1LE (above) and QC1RE
(below). A field free space is embedded in QC1LE. The
In spite of the small beta function, a chromaticity correcother four quadrupoles have shapes like QC1LE.
tion scheme with noninterleaved sextupoles[2] provides a
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Figure 2: A part of the fitting results of the QC1LE multipoles. The crosses show the data obtained by OPERA-2d.
The solid and dashed lines depict the fitting results with the multipoles up=t021 and 14, respectively. The dashed
line deviates from the data near the edge of the fitting regidn+( y> < (0.03)?). Each graph collects the data at

= constant. The horizontal axis is the horizontal positiorin meter, and vertical axis is th8, in Gauss, respectively.

2 MULTIPOLE EXPANSION data fitting in this section, and optics matching and track-
in the next section have been done by the code SADI[4]

The six iron-core quadrupoles have been designed baslc?g/eloped at KEK

on two-dimensional field calculations by OPERA-2d[3].
One of the quadrupoles, QC1RE, is a half quadrupole, and
the rest are full quadrupoles with field free space for the 3 EFFECTS ON DYNAMIC APERTURE
counter-rotating beam as shown in Fig. 1. In order to derivsfa.

the multinole components. we exoress the maanetic fielde® estimate the effect of the multipoles, at the first step, we
P P ' P 9 compare the dynamic aperture with and without the mul-

B, andB, as tipoles of QC1LE out of the four special quadrupoles in
HER. Since the design orbit passes through QC1LE on-
N axis, we need not redesign the linear optics even when the
By(x,y) +iBu(z,y) = Bo Y _(bn +ian)(x +iy)". (1)  multipoles are included. (The design orbit also lies on-axis
n=0 in the horizontal-focusing full quadrupoles.) The strengths

After subtracting the main quadrupole component, the dagf sextupoles are also not reoptimized with the multipoles.
B, and B, obtained by the OPERA-2d calculation are fit- The dynamic aperture has been estimated by six-
ted in the standard least-square method with paramigtersdimensional full-symplectic tracking using SAD. The
in the region which covers the physical aperture. The ske@(n + 1)-pole magnets up ta = 21 with a finite effective
components.,, are set to be zero since all the quadrupoletength are treated consistently in SAD. Each magnetis sub-
have symmetry with respect to the horizontal median plandivided into many pieces along the beam axis. The number
Figure 2 shows an example of fitting for QC1LE. Intro-of pieces is increased until the results of tracking converge.
ducingb,, up ton = 21, the field data at 537 points are The nonlinear Maxwellian fringe field at the edge of the
represented well with the residuals smaller than 0.1 Gausagnetis also involved in the tracking not only for the main
which is consistent to the estimated errors in the field caguadrupole but for the multipoles.
culation. The other five quadrupoles are also fitted with As shown in Fig. 3(a), the multipole components dras-
the same accuracy in the same way. The merit of this fitically decrease the transverse dynamic aperture near the
ting method is to fully utilize the field data over the regionon-momentum region. The dynamic aperture at QC1LE is
where the beam may exist. All calculations concerning thér,y) = (2.9cm, 2.7cm) which is a few mm larger than
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51 =1/9 ] . . .
LO0°E daho™? The iron-core quadrupoles with special shapes near IP have
» b been designed by the two-dimensional field calculation.
00100 A e . The magnetic field distributions of those quadrupoles have
20 10 Ap;)bo(‘y) 10 20 peen expressed well with the higher-order multipole com-
0,

ponents up to 21st over the range which covers the physical
aperture. Although the dynamic aperture of HER has been

Figure 3: Dynamic aperture of HER with the multipoledrastically degraded by those multipoles, it is still larger
components of special quadrupoles. (a) with (dashed line#§}an the physical aperture at QC1LE and QC1RE, and sat-

and without (solid line) the multipoles of QC1LE. (b) with isfies the requirement for beam injection.

the multipoles of all the special quadrupoles.
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well. Figure 3(b) shows the dynamic aperture with the mul-
tipoles of all special quadrupoles. The dynamic aperture
decreases again compared with Fig. 3(a), but still satisfies
the requirement for beam injectio?.{,o = 6 x 10~%m at
the momentum deviation @f0.3% ) and is cocsistent with
the the physical aperture at QC1RE as shown in Fig. 4. We
assume the vertical-to-horizontal coupling of the coherent
oscillation at injection/,o/Jo to be 1/9 in the tracking.

In the case of a smaller coupling/J-0 = 1/50),
the dynamic aperture is improved considerably beyond the
physical aperture as shown in Figs. 3(b) and 4.
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