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Abstract

The SUPER-B detector solenoid has a strong 1.5 T field in the Interaction
Region (IR) area, and its tails extend over the range of several meters. The
main effect of the solenoid field is coupling of the horizontal and vertical
betatron motion which must be corrected in order to preserve the small
design beam size at the Interaction Point. The additional effects are orbit
and dispersion caused by the angle between the solenoid and beam
trajectories. The proposed correction system provides local compensation
of the solenoid effects independently for each side of the IR. It includes
“bucking” solenoids to remove the solenoid field tails and a set of skew
quadrupoles, dipole correctors and anti-solenoids to cancel linear
perturbations to the optics. Details of the correction system are presented.
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Abstract

The SUPER-B detector solenoid hasastrong 1.5 T field
in the Interaction Region (IR) area, and its tails extend
over the range of several meters. The main effect of the
solenoid field is coupling of the horizontal and vertical
betatron motion which must be corrected in order to pre-
serve the small design beam size at the Interaction Point.
The additional effects are orbit and dispersion caused by
the angle between the solenoid and beam trgjectories. The
proposed correction system provideslocal compensation of
the solenoid effects independently for each side of the IR.
It includes bucking solenoids to remove the solenoid field
tails and a set of skew quadrupoles, dipole correctors and
anti-solenoids to cancel linear perturbations to the optics.
Details of the correction system are presented.

INTRODUCTION

The Interaction Region (IR) of the proposed SUPER-B
eTe™ collider [1] includesastrong 1.5 T detector solenoid
field, where the solenoid tails extend over several meters
around the Interaction Point (IP). The solenoid creates cou-
pling of the horizontal and vertical betatron motion which
must be corrected in order to preservethe design ultrasmall
beam size at the IP. The additional complications are that
the solenoid is not parallel to either of the two beams, and
it overlapstheinnermost IR permanent quadrupoles. These
lead to orbit and dispersion perturbations and additional
coupling effects. The proposed correction system will pro-
videlocal compensation of the solenoid linear effectsinde-
pendently for each side of the IR.

SOLENOID FIELD MODEL

Solenoid compensation studies for PEP-11 [2] and ILC
[3] indicate that the solenoid overlap with the final
guadrupoles can significantly increase the coupling effect
leading to larger IP beam size. Therefore, it is desir-
able to minimize the extent of the solenoid field tails and
try to avoid superposition of the solenoid and quadrupole
field. Previous SUPER-B study [4] proposed using so-
called bucking solenoids to create opposite to detector
solenoid field in the region of the IR superconducting (SC)
quadrupoles and effectively cancel the solenoid tails. Fig.
1 shows the magnet layout near the IP with the detector
solenoid and bucking solenoids.

In this study, we use a simplified hard-edge solenoid
model where the solenoid field is constant (1.5 T) in the
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Figure 1: IR layout with detector and bucking solenoids.

+55 c¢m region around | P (between the left and right hand
side SC quadrupoles) and the field is canceled outside of
this region using bucking solenoids. This effective detec-
tor solenoid and its field profile are shown in Fig. 2. The
solenoid axisisat +33 mrad horizontal anglerelativeto the
colliding e™ and e~ beam trgjectories. The solenoid field
overlaps the IR innermost permanent quadrupoles QDOP.
The resultant field superposition is modeled in MAD [5]
by replacing the thick QDOP quadrupoles with thin lens
quadrupol es separated by thick solenoid slices. This model
can also be extended to a non-constant field profile by ap-
plying different field values in the solenoid slices. Some
high-order perturbations may be missing dueto limitations
in the MAD solenoid model.

OPTICSPERTURBATIONS

The SUPER-B detector solenoid creates the following
linear effects on the 6.69 GeV positron and 4.18 GeV elec-
tron beams:

e Coupling of X and Y betatron motion which in ab-

sence of other magnets creates a beam rotation around
S-axisby an angle BsL/(2Bp), where B; and L are

Bz =15T

Figure 2: Effective hard-edge detector solenoid near IP.



solenoid field and length. For each half of the above
solenoid the corresponding rotation angleis 29.6 mrad
for ¢~ and 18.5 mrad for e+ beam.

e Vertical orbit due to the solenoid angle relative to the
beam trajectories. Thisis caused by the solenoid hori-
zontal field projection on the beam axis. Note that the
solenoid end fields have an opposite horizontal field
providing partial compensation of this effect.

e Horizontal orbit from the vertical orbit and coupling.

e Vertical and horizontal dispersion duetotheY and X
orbit bending.

e Perturbation of 3 functions due to solenoid weak fo-
cusing in both planes.

COMPENSATION SYSTEM

Ideally, the solenoid correction system should be as lo-
cal as possible in order to prevent the effects of errors on
coupling correction from other magnets in the Final Fo-
cus (FF). The most efficient correction would consist of an
anti-solenoid attached to each side of the detector solenoid
without overlap with other magnets. In this case, the cou-
pling would be canceled for all particle energies. In the
SUPER-B IR, however, the detector solenoid aready over-
laps the permanent quadrupoles, and sufficient free space
exists only after the SC quadrupoles. For these reasons,
most of the solenoid correctors have to be installed outside
of the SC quadrupoles, i.e. in the FF chromatic section and
beyond. To cancel the solenoid effects at the IP and in the
arcs, the correction must be local and independent on each
side of the IR. In total, the system must include correctors
for the solenoid coupling, X and Y orbit and dispersion,
and (3 functions.

The coupling correction requires skew quadrupoles
and/or solenoid correctors. The bucking solenoids have
been already included to remove the solenoid field tails.
Additional anti-solenoid equivalent to half of the detector
solenoid with opposite strength is inserted on beam axis
after the SC quadrupoles on each side of IP. It would com-
pensate the beam rotation if therewere no magnets between
the IP and anti-solenoid. However, the permanent and SC
guadrupoles can create a significant coupling perturbation.
This is because the rotated beam will be effectively at an
angle relative to the quadrupole X — Y frame, thus re-
sulting in skew quadrupole effects. This perturbation can
be avoided by rotating the quadrupole frame by the rota-
tion angle of the incoming beam as schematically shown
in Fig. 3. The required quadrupoletilt angles are propor-
tiona to the distance to the IP, and are different for e ~ and
et beams due to energy difference. Technically, the rota-
tion of closely spaced e~ and e™ SC quadrupoles would
be complicated. However, it is possible to design the SC
coil with skew quadrupole component and strength equiv-
alent to quadrupolerotation. The latter is assumed for this
correction system.

Figure 3: Quadrupolerotation to align with beam rotation.

Still some small residual coupling will be created by the
permanent quadrupoles because they cannot be continu-
oudly rotated along the length as the beam frame. Com-
pensation of this residual coupling requires four relatively
weak skew quadrupolesat non-dispersivelocations and op-
timal phase advance in each half-IR. Two additional skew
quadrupoles located in dispersive region of the FF chro-
matic section in each half-IR are used to cancel the vertical
dispersion and slope at the | P. Locations of the six Low En-
ergy Ring (LER) skew quadrupolesin a half-IR are shown
in Fig. 4. Note that thefirst skew quadrupoleis placed next
to the SC quadrupolesfor efficient correction of their cou-
pling. The High Energy Ring (HER) has amost identical
system.

The correction of solenoid orhit is rather straightforward
and requires two horizontal and two vertical dipole correc-
tors on either side of IP. For minimal perturbations these
correctors are placed in the drift after the SC quadrupoles.
The resultant orbit after correctionin LER isshownin Fig.
5. The corrector positions within 7.5 m of 1P are shown
in Fig. 6, which include V1,V2 and H1,H2 dipole correc-
tors, QS1 skew quadrupole and anti-solenoid. The other
skew quadrupoles are outside of this range.

Finally, the correction of IR g functions and horizon-
tal dispersion is done using strength adjustment in the IR
normal quadrupoles. This system compensates locally and
independently in each haf-IR the linear solenoid effects
a the IP and outside of the IR. Note that it is designed
to cancel the on-energy coupling, however the off-energy
particles will see dlightly different optics for which some
residual chromatic couplingwill be present. The latter may
require further study.
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Figure 4: LER skew quadrupolesin half-1R. Plotted func-
tions are dispersion and /3.3, .
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Figure 6: Solenoid correctorswithin £7.5 m of IP.

An example of this coupling correctionis shownin Fig.
7. The latter show tilt angles for two norma mode beam
ellipses projected on X-Y plane as calculated by EIGEN
routine in MAD [5] for the LER. This clearly shows that
the coupling is localized within the IR.

If Panofsky quadrupoles are used instead of SC
quadrupoles, it may not be possibleto create the skew com-
ponent from the coil. In this case, the whole LER/HER
shared quadrupol e assembly may be rotated. This will not
produce the optimal rotation for both the LER and HER
quadrupoles, therefore stronger coupling correctorswill be
needed. In addition, such rotation will result in vertical
guadrupole offsets which effect can be corrected by the
solenoid dipole correctors.
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Figure 7: LER beam tilt angle (deg) for modes 1 and 2.

SOLENOID OFF

When the solenoid field is off, one wants to turn off all
the solenoid correctors and have uncoupled lattice. How-
ever, in this correction system there are elements which
may not be turned off. These are the skew components
in the SC quadrupoles which are permanently included
through adjustment of the SC coil design. Secondly, the
rotation of the permanent quadrupoles near |P may or may
not be adjustable.

When al the solenoid fields areturned off, the beam does
not receive the rotation, therefore it is no longer aligned
with the rotated permanent quadrupoles. As a result, the

3

Figure 8: LER beam tilt angle (deg) for mode 1 with
solenoid off. Left - original QDOP rotation, right - optimal
QDOP rotation.

latter and the SC skew quadrupole components become
the major sources of coupling. These are amplified by the
high g functions in these quadrupoles. This coupling can
be compensated by the included four skew quadrupoles at
non-dispersive locations, however their strengths will be
increased relative to the solenoid on case. The disadvan-
tageisthat the stronger skew quadrupol es make the system
effectively lesslocal because they are located relatively far
fromthelPasseenin Fig. 4.

If the rotation of the IR permanent quadrupoles is ad-
justable, it can be optimized for amore local coupling cor-
rection where the QS3, QS4 quadrupoles are made weak.
This, indeed, significantly reduces the amplitude of the
coupling amplitude in the IR. Two cases are compared in
Fig. 8: 1) with the original QDOP rotation angle from the
solenoid set-up and 2) with optimized rotation angle. The
latter option reduces the QS3, Q4 strengths to negligible
level and produces much lower coupling amplitude.

Finaly, there is no orbit and dispersion perturbation in
the solenoid off case, hence the dipole correctors and the
two skew quadrupoles at dispersive locations are not used.

SUMMARY

A correction system for the SUPER-B detector solenoid
is designed based on ahard edge solenoid field model. 1t in-
cludes bucking solenoids, an anti-solenoid, rotated IR per-
manent quadrupoles, skew quadrupole component in the
SC quadrupoles, and a full set of skew quadrupoles and
orbit correctors for complete compensation of linear cou-
pling, orbit, dispersion and /3 function perturbation in each
half-IR. Most of the correctors are rather weak. The same
system can be used to correct the coupling effect when
the solenoid is off, but the SC quadrupole coupling com-
ponents and QDOP rotation remain. The latter can be ad-
justed for most local correction. Further studies are needed
to evaluate the effect of solenoid on FF bandwidth and dy-
namic aperture. The non-linear solenoid effects need to be
studied as well.
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