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Abstract

The C-type dipoles of the LEB-MEB transfer line at the Superconducting Super Collider
Laboratory have a strong quadrupole component. The effect of this component on the amplitude
functions (B and o) mismatch, dispersion functions (1 and n’) mismatch, and phase-space dilution
is studied, and some measures to correct the effect are suggested.
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1.0 INTRODUCTION

The LEB-MEB transfer line! at the Superconducting Super Collider Laboratory transports
12 GeV/c proton beam from the Low Energy Booster (LEB) to the Medium Energy Booster
(MEB). Most of the dipoles used in the transfer line are of the symmetrical H-type. In order to
prevent dipoles in the transfer line from interfering with MEB magnets, vertical dipoles SEPA and
SEPB (Figure 1) have to be of the C-type with openings facing down. According to the optics of
the transfer line, the bending angles and field strengths of dipoles SEPA, SEPB, and SEPC are the
same. To reduce the cost, only one multiple power supply is used for these three dipoles.
Therefore, dipole SEPC has to be of the same C-type, and there are three C-type dipoles in the
transfer line.
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Figure 1. LEB-MEB Transfer Line and Absorber Line (Elevation View, LEB630 and LEB91 7).

The design result of the C-type dipoles indicates that the field of these dipoles has a strong
quadrupole component. The field distribution? in the middle plane is shown in Figure 2. The field
strength falls down, mainly linearly, by about AB/Bj = 0.85%103 over a range of 20 mm from the
beam center (x = 0 mm at magnet entrance and exit boundaries) toward the opening of the dipole.
The dimensionless n-value, expressing the quadrupole component in a dipole, is defined by the
equation

nx
B = BO(I_F) )



where p is the bending radius. Substituting the field deviation data mentioned above and
p =52.725 m into the equation, we have n = -2.24 for dipole SEPC, which bends the beam down
and has an opening facing down. The n-value is to be used to specify the parameters of dipole
SEPC for beam optics calculation. Table 1 lists the n-values for these three C-type dipoles in
different bending and opening facing conditions.
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Figure 2. Field Distribution in the Middle Plane of a C-type Dipole.

Table 1. n-values.

Dipole SEPC SEPB SEPA
Bending down up down
Opening facing down up down up down up
nvalue =224 +224 | +224 224 | =224 +224

2.0 AMPLITUDE FUNCTION MISMATCH AND CORRECTION
The amplitude function mismatch at the MEB injection point, caused by the quadrupole

components in the C-type dipoles, is calculated with code TRANSPORT.? The n-value in the input
data of TRANSPORT is before accomplishing the coordinate rotation about the z-axis. A list of the
mismatch calculation results is shown in Table 2. The corresponding phase-space dilution factor is
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where subscripts 1 and 2 denote the situations with and without quadrupole component errors,
respectively.

Line 0.0 in Table 2 lists the amplitude functions without quadrupole component errors. The
amplitude functions with quadrupole component error for each C-type dipole are listed in
lines 1.1-1.4. It can be seen that the phase-space dilution factor F due to the amplitude function
mismatch increases by 0.3%. The total quadrupole component effect of the three dipoles is
AF = 0.8% (line 1.5), if all dipoles have their openings facing down.

There are two measures to correct the amplitude function mismatch and reduce the phase-space
dilution.

21 Dipole SEPC Opening Facing Up
Dipoles SEPA and SEPB must have their openings facing down because of the interference. But
dipole SEPC may choose its opening facing either up or down. From the point of view of phase-
space dilution, dipole SEPC should have its opening facing up for the following reason.
According to the lattice optics, the transformation matrix from dipole SEPC to dipole SEPA
is -I. Therefore, the transformation matrices R; and R, from a certain point upstream to the exits
of SEPC and SEPA, respectively, satisfy the equation

= — _|-10

If there are quadrupole component errors in the two dipoles and these components may be
expressed by two thin quadrupoles located at the exit of each dipole, the transformation matrix R,*
at the exit of dipole SEPA now satisfies

1 0 -1 0

1 0
R¥ =11 ["10} 1 R, =|1 1 _|R
2 — 1| g =1/|-+ 1|1 ¥ | =+ = —1|™1
| P A6

where f] and f, are the focal lengths of the two thin quadrupoles. If dipole SEPC has its opening
facing up, opposite SEPA, we have f = —f; and

* _|-10 —
Ry -[0 _]RI_RZ

It means that the quadrupole component effects of dipoles SEPC and SEPA are compensated for
each other.

Line 1.6 in Table 2 lists the TRANSPORT calculation result on quadrupole component effect.
Here dipole SEPC has its opening facing up, dipoles SEPB and SEPA facing down. The result
shows that the dilution factor increment reduces from 0.8% to 0.3%, consistent with the analysis.
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2.2 Adjusting the Gradient of Quadrupole Q05

The residual amplitude function mismatch and phase-space dilution increment of 0.3% when
dipole SEPC faces up is caused by the quadrupole component in dipole SEPB. According to the
lattice optics of the transfer line, there is a pure quadrupole (Q05) downstream of SEPB and near
the exit of SEPB. If the integral gradient error in SEPB is AGL; and we adjust the gradient of
quadrupole Q05 by an amount of AG,, which satisfies the equation AG,L, = ~AG; L, the effect of
quadrupole component in SEPB should be compensated in the first order.

Substituting AG = 0.85%1073%0.75918 T/0.02 m = 0.032265 T/m, SEPB length L; = 2 m, and
Q05 length L, = 0.5 m into the equation AG,Ly = —AG/L,, we have AG, = —0.12906 T/m. The
TRANSPORT numerical calculation shows that the phase-space dilution increment is reduced
from 0.3% to 0.01% (line 1.7, Table 2), if the gradient of quadrupole QO35 is adjusted by an amount
of AG,.

Obviously, the phase-space dilution can be reduced by comprehensively using these two
measures. On the other hand, if the quadrupole components in the C-type dipoles could be
reduced, say, by a factor of 2 or 10, the phase-space dilution factors would be reduced also, as
shown in lines 2.1-2.6 and 3.1-3.6 of Table 2.

3.0 DISPERSION FUNCTION MISMATCH

The dispersion function mismatch (A1 and AN’} caused by the quadrupole components in the C-
type dipole at the MEB injection point is calculated and listed in Table 3. The phase-space dilution
factor corresponding to the mismatch is

An_ o 2
F = 1+1[_ﬂ:|
2 Sy ’

where G, is the momentum spread, oy is the half beam size, and

AN, = {An? + (Ban’ +aan)?

The calculated phase-space dilution factors due to dispersion function mismatch are also listed
in Table 3. The results show that the dilution is negligible.
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