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Abstract 1) the experimental solenoids will not, as at present,

The planned luminosity upgrade of the roton-electrorh?e compensated by anti-solenoids; 2) the experimental
i't)r m collid rHERKi P9 hallenae f rpb th endin rsolenoids must overlap with some of the machine magnets.
(positron) collide s a challenge for both ENGINEETS \, the current HERA layout the compensating anti-

and machine physicists. The redesign of the interaction re- : . i
. . Solenoids have two important tasks: to compensate for the
gions (IRs) presents many problems — one of them is tg

: ; - tatron ling and t mpensate for the distortion of
preserve a high—/* spin polarization. In order to reduce etatron coupling and to compensate for the distortion o

the beta-functions at the interaction points (IPs), combin tge cIoseEd solution of the T-BMT SPIN guession equa-
. : ) e ion [5], np, generated by the solenoids themselves. With
function magnets will have to be introduced inside the de- ; i .
. . ; ) ho anti-solenoids these effects must be corrected in another
tector solenoids of the experimental stations. This uncon- : . . :
: . . : ) . way. The H1 solenoid has a higher integrated field strength
ventional layout will create a complicated field picture in o . ;
then Zeus, itis longer and will have the largest overlap with

the close vicinity of the IPs and affect the orbits of botr}he innermost machine magnets in the new lattice. More-

beams as well as the spin polarization of #é+ beam. L o :
. . o i : ver, the H1 solenoid is longitudinally off centre with re-
Various techniques to model the situation will be described, .
Spect to the IP. Our main concern has therefore been to an-

To achieve good polarization certain conditions on the op

. : \ ) .. 'alyze the effects from this solenoid.

tics must be fulfilled (so called spin matching condmonsfle © me etiects 1ro S S01eNo d L .
- X In the new lattice, the design orbit inside the solenoid

and depolarizing resonances have to be avoided. Methads

for modelling the complicated field configurations, for cal-IS curved in the horizontal plane due to the bending action

; i ) o ; of the machine magnets. (See Fig. 1). This will lead to
culating the resulting spin-orbit trajectories and for calcu-,. /+ arh .
. o X disturbances both to the /* orbit and to the spin.
lating the polarization are discussed.

Design Orbit in North IR

1 INTRODUCTION af

E QO  Hi-solenoid QG QH

The HERA pt~/* collider is a unique machine in many 2
respects. One is that it is the only high energy accelerator _ :
that can deliver longitudinally polarized/* to a particle W F
physics target (the HERMES experiment). ol
Storede~/+ beams can become vertically polarized |
through synchrotron radiation emission via the Sokolov- o |
Ternov effect [1], however polarized beams can best be ex- -1z F
ploited if the beam is longitudinally polarized. In HERA| -4 |
the natural vertical polarization is brought into the longitu
dinal direction in the straight section around the HERME
experiment by means of a pair of spin rotators of the Buon- Figure 1: The curved design orbit inside H1 solenoid
Steffen type [2], that form the ends of the arcs. According
to the Luminosity Upgrade plans (for more details on the \jith the beam entering and leaving the solenoid radially
Luminosity Upgrade, see [3, 4]) two more rotator pairs centre it will experience radial kicks from the end fields;
will be installed around the North and South interaction reme vertical kicks are especially important. In addition, be-
gions, serving the H1 and Zeus experiments. cause of the curvature of the design orbit, the longitudinal

It is very important that the planned upgrade geometrje|q of the solenoid will contribute an effective radial field

experiments. This requires that special care is taken when
designing the ~/+ optics and that good tools be developed 2  MODELLING THE SITUATION
to analyze the new situation.

To achieve a higher luminosity in HERA the transverséone of the optics codes and codes for calculating and op-
beam sizes will be squeezed at the IPs and to achieve thiisizing the polarization in common use at DESY con-
the low-beta magnets have to move in closer to the expetain mixed element types such as solenoid +dipole or
ments. Hence, the space available for necessary correctimwienoid + combined function magnet. In order to construct
magnets will be smaller than it is today. Two important useful model for the new situation, ways must be found
consequences for the polarization result: to incorporate such special elements. The strategy has been

[m]
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the following: use the existing codes and, as a first steRum Trajectories at North IP
build mixed elements out of existing magnet types. To im- °~ f
prove the model, the next step has been to construct sym-o» -
plectic orbit maps and orthogonal spin maps by integration,
using a hard edge model of the solenoid field. The spin
motion is expected to be very sensitive to the details of the "
solenoid fields, especially the end fields, and ultimately the -0z
calculations should be based on fields from measured field  _ ¢
maps. :

horizontal
motion

vertical
motion

2.1 Sandwich model os b

To get a first estimate for the polarization that can be ex-
pected with the upgraded machine the program SLIM [6] Figure 2: Uncorrected trajectories at North IP
(and thick lens version SLICK) has been used. The re-
gions with overlapping solenoid - combined function mag-
net fields have been implemented as series of interleavEgpult in a reduced polarization build up by the Sokolov-
thin slices of these magnet types. The fact that the desig§rnov effect [1] (about 3% per rotator pair).
orbit inside of the solenoid is curved, causing the beam to Note thatn, is not perfectly longitudinal when entering
be influenced by additional radial field components has th¢ experimental solenoids and that the solenoids are not
be taken into account in the model. centered with respect to the IPs. The resuliingilt from

Two approaches have been tried out. In one the radif€ vertical in the arcs in this case can be compensated by
fields are represented by thin corrector coil slices at appr§Sing asymmetrical settings of the vertical bending mag-
priate places [7]. In the other, an extended matrix [8, 9], fop€ts in the spinrotators [4].
the solenoid that contains information on the curved design Having arranged that, is vertical in the arcs one must
orbit with respect to the solenoid axis has been utilized. Igonsider the effects on the polarization from non-zero ver-
this case no artificial elements have to bednticed. The fical dispersion and non-vertical, in large sections of the
magnet slices have been made thin enough to assure tABg- It is therefore necessary to spin maich [2, 11] the op-
non-commutation of spin rotations does not present profcs in order to minimize the spin diffusion. In spin match-

lems. The results from the two approaches are in goddd the optics, the presence of the experimental solenoids
agreement. has been ignored as a first step.

Linear calculations using SLIM/SLICK and the sand-
wich model show that the maximum polarization that can
be achieved when the H1 solenoid is powered is reduced
Fig. 2 shows the deviation of the horizontal and verticalrom 79% (ideal machine) to about 59%. The same calcu-
trajectories from the curved design orbit in and near the Hiations carried out after correction of orbit distortions, cou-
solenoid assuming that the beams collide on the solengiding and tilt of ny axis give a maximum polarization of
axis. The vertical motion is coupled to the horizontal moabout 73%. (These calculations were made for the Rev. 2
tion in the solenoid so that a small horizontal orbit distorversion of the lattice.)
tion results. The calculations have been made for the so
called Rev. 2 version of the lattice [4] using the sandwich 3 IMPROVED MODEL
model. In an updated version of the lattice the QG com-
bined function magnet has been replaced by a pure dipol@€ sandwich model is only a crude model and should
magnet called BG. not be used as a basis for the final spin matching. It has

The orbit distortion will be locally corrected using dipo-the obvious disadvantage that the_ mixing of the fields wiI_I
lar windings on the QO and BG magnets, whereas tHeot be complete because of the discrete nature (_)f the slic-
solenoid induced betatron coupling will be compensated B9 and, more seriously, it must contain non-physical hard-

skew quadrupoles. For more details on the planned corregdge end fields for the solenoid slices to preserve symplec-
tion schemes, see [4]. ticity. These artificial end fields will not exactly cancel for

consecutive solenoid slices due to the interleaved combined
function (dipole) slices.

A completely different technique that avoids such intrin-
In the absence of anti—solenoids and if no special measursis problems is the construction of the mixed field ma-
are taken, the periodic solution to the T-BMT equatign trices from numerical integration of the orbital and spin
is strongly tilted from the nominal direction in the wholeequations of motion. We have followed this line and been
machine (about 60 mrad only from H1). able to produce a symplectic orbit map extended with

With three pairs of spin rotatorsin HER# willbe non-  two extra dimensions to describe spin as is required by
parallel to the field in larger areas of the ring and this willSLIM/SLICK [6].

2.2 Correction schemes

2.3 Polarization
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3.1 Orbit Calculation of the spins to the orbit in linear approximation. Combin-

ing the 6x6 orbital matrix with the G-matrix we obtain an

The numerical integration of the orbital motion has beeg><8 matrix that can be used in SLIM/SLICK to describe

carried out in Mathematica 3.0 [12], using the full equa; L C L .
tions of motion with linearized fields. The solenoid hasthe spin-orbitmotion in the overlapping field regions. The

: . I reement with the rough sandwich model is at the level
been implemented as a box-field (constant Iongltudlneal‘lg eeme e rough sandwich model is at the leve

field and hard-edge end fields), as a first attempt, for - expect.

comparison with the sandwich model. A more accurate
solenoid representation has also been tested, based on a 4 SUMMARY AND OUTLOOK

parametrization of the measured field map [13], and usinehe effects of the H1 solenoid on the polarization for the
the first order Taylor coefficients for the field. The numeriq yminosity Upgrade design have been investigated using
cal integrator chosen is an Adams method. It gives similgfear theory and correction schemes have been worked
accuracy to fourth order ige-Kutta and is considerably oyt. Several models have been developed and the results
faster in Mathematica. This integrator is not symplecticare in satisfactory agreement. More work will have to be
but the deviation from symplecticity is so small that it cannyested in the model based on numerical integration of
be taken care of after the integration of the mixed field remeasured field data. So far the results look promising —
gion (instead of in every step with a symplectic integrator)ye have been able to construct an@matrix (orbit mo-

The reference coordinate system for the integration ha®n and spin) that can be used by SLIM/SLICK and other
been fixed on the solenoid axis and is not curvilinear. Thigrograms. The integrated matrix is symplectic and looks
was done in order to get simple expressions for the solendigasonable when compared with the sandwich model. In
fields (the other elements look more complicated in thig more refined model the tilts and shifts of the combined

system). Before integrating various orbits, the curved dgunction magnets and dipoles in the IRs [3] will have to be
sign orbit, as defined by the dipoles, has to be determinggc|uded.

The canonical coordinates are reconstructed after the inte4yhen a real machine with misalignment errors is con-

gration by means of a coordinate transformation. To imsidered the effects of the experimental solenoids becomes
prove numerical accuracy a switch to the common curveghasked. In order to handle this situation mathematically
accelerator coordinate system will be made in the near fyye plan to use the SITROS code [15] in combination with

ture. the sandwich model/numerically integrated matrix. Non-
linear spin-orbit motion will also have to be investigated to
3.2 Symplectification give a better understanding of how dangerous higher order

) resonances will be in the new design.
For a map to be useful as input to SLIM/SLICK (and other

programs) it has to be symplectic. Since the chosen in-
tegrator is not symplectic, symplecticity must be restored 5 REFERENCES
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