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Abstract

A new method for optimizing polarization by minimiz-
ing the rms value of the vertical orbit kick and relying on
the beam position monitor readings has been successfully
tested for the first time at the HERA electron ring. We sum-
marize the results of measurements.

1 INTRODUCTION

Electron (or positron) beams in high energy storage rings
can become spin polarized by the Sokolov-Ternov effect
[1]. The direction of the polarization is dictated by the
BMT equation [2]. The equilibrium polarization reached
is limited mainly by the deviation �n̂0(s), due to closed
orbit distortions, of the actual polarization direction from
the design direction n̂0(s), which, in the arcs, should be as
(anti)parallel as possible to the main bending field. The po-
larization direction in HERA-e is changed locally at the Her-
mes experimental area by “spin rotators” [6].

To maximize the equilibrium polarization one must min-
imize �n̂0(s) [7]. The contribution to �n̂0(s) coming from
vertical closed orbit distortions may be written as [3], [4],
[5]:
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where � is the spin tune (i.e. the number of precessions per
revolution that a spin performs around n̂0) and �B(s) is the
cumulative horizontal bending angle at the position s; F (s)
is given by:
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K being the quadrupole strength and �Bx the error hori-
zontal field along the design orbit. This is in general the
most important contribution to �n̂0. At a quadrupole dis-
placed by �Q wrt design orbit we have:

1
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The rms value of the tilt �n̂0 depends on the energy and
on the optic. In HERA-e, after normal closed orbit correc-
tion, it is typically of the order of 30 mrad. This is sufficient

to limit the polarization to no more than 10: : :20 % , and
must therefore be corrected with special methods.

2 CORRECTION METHODS

The correction scheme used originally at PETRA [3] has
been generalized to a machine including vertical bending
magnets and other “exotic” magnets [5]. The tilt �n̂0 is
Fourier analyzed and the most important harmonics are
minimized by using vertical closed bumps. This is the
method currently used at HERA for polarization optimiza-
tion [7]. The optimization is done empirically; simulations
and experience have shown that only 4 harmonics must be
compensated for improving polarization. Nevertheless the
method is time consuming. So improved methods have
been sought.

The “deterministic” harmonic bump method (applied at
LEP [9] and TRISTAN [10]) samples the vertical closed or-
bit at the BPM’s and therefore relies on a good knowledge
of the BPM transverse offset (mechanical and/or electronic)
with respect to the design orbit. As this is in practice not
measureable with enough precision, the method needs well
aligned and calibrated BPM’s. This is not the case in the
HERA electron ring where similar attempts for improving
polarization have indeed failed.

3 POLARIZATION OPTIMIZATION BY
KICK MINIMIZATION

An alternative method has been developed [8] which min-
imizes the source F (s) of spin disturbance itself. At
those locations where a BPM, a correction dipole and a
quadrupole sit close together we have:

F (s) = Kz �K�Q + �

= K(zM + �M )�K�Q + �

= K(zM + �
Q
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where zM is the actual BPM reading, �M is the (mechani-
cal) offset of the BPM wrt the design orbit, �QM is the off-
set of the BPM wrt the quadrupole and � is the kick pro-
vided by the corrector. Thus the “rms kick minimization”
method attempts to minimize the combined orbit kick given
by quadrupole and the corrector. In this case it is impor-
tant to know �

Q
M . This can be measured with good precision

(down to 50 �m for HERA-e) by Beam Based Alignment
techniques[8].



For this purpose in the 1993/94 shut down the HERA

electron ring was equipped with switches [13] allowing
to control the strength of the individual quadrupoles of
the regular FODO cells and the measurement procedure
was completely automatized [11]. In 1994 and 1995 the
measurements were carried out on the vertically focussing
quadrupoles. These are expected to be the most critical
ones. The measurement required 24 hours for the 148
quadrupoles/BPM’s (the total number of BPM’s is 277).
These measurements [11] have revealed a systematic 0.25
mm vertical offset of the BPM’s wrt the quadrupole axis
(see Figure 1 [11]). As a consequence our attempts to cor-
rect the orbit (i.e. to center the beam with the monitors) re-
sulted in a systematic offset of the vertical orbit at the sex-
tupoles and in a twist of the beam ellipse.
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Figure 1: Alignment data.

For the 144 horizontally focussing quadrupoles, which
are not equipped with BPM, the measurement technique, as
well as the correction algorithm must be slightly modified
[12].

4 POLARIZATION OPTIMIZATION BY
KICK MINIMIZATION –

EXPERIMENTAL RESULTS

During the machine studies in December 1995 an attempt
to apply the vertical orbit kick minimization for improv-
ing the polarization was finally made. The experiment was
performed with electrons. The tunes of Qx = 47:1 and
Qz = 47:2were as usual chosen in order to push the first or-
der resonances ��Qx;z far from the operating half-integer
spin tune.

The kick minimization was performed by using all avail-
able BPM’s in order to have sufficient orbit sampling. For
those BPM’s which have not been measured the offset was
assumed to be zero. Alternatively one could have assumed
for them an offset equal to the systematic shift observed.

From the 1994 experience we expected, when we
switched from electrons to positrons, that we could have to
reoptimize the machine energy. The experimental magnets

and the HERA-p main dipole seem to have a small influence
on the HERA-e energy too. In May 1994, when we were
working with electrons (rotator on), maximal polarization
was found at 27.49 GeV.

We had no time initially for a systematic energy scan
but it was found that when the machine energy was low-
ered by 44 MeV to 27.51 GeV the observed polarization
was around 60%, the machine status having been optimized
during the year for the Hermes experiment by the usual har-
monic bump method.

The harmonic content of the coils involved in the har-
monic bumps was computed with a best fit. The fit values
reproduced the coil excitation well indicating that the har-
monic components so computed were actually representa-
tive of the corrections applied to the machine for optimizing
polarization.
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Figure 2: Rms-values of kick and orbit vs. iteration step.

After turning down these harmonics the polarization de-
creased to 11%. Then the kick minimization algorithm was
applied in 17 iterations by using 10 or 15 correctors per step
until no further improvement was observed. This resulted
in a reduction of the rms value of the vertical kick from 93
�rad to 24�rad; the rms value of the vertical orbit decreased
too, from 1.11 mm to 0.70 mm. In Figure 2 the rms values
of the vertical orbit and of the vertical orbit kick vs itera-
tion step are shown. It was found that polarization increased
reaching an asympotic value of 28 %.

Harmonic bumps were then reoptimized and the polar-
ization reached 65%. However, the maximum bump ampli-
tude needed was about a factor two smaller than usual. Fur-
thermore the systematic beam offset in the sextupole mag-
nets and the consequent twist of the beam ellipse were re-
moved.

In the end there was some time left to perform an en-
ergy scan. To speed up the measurement, one harmonic was
intentionally tuned to get a lower asymptotic polarization
(around 30 %). In these conditions a peak of 47 % was
found at 27.557 GeV, quite far from the energy at which
we had been operating. The results of this energy scan are
shown in Figure 3.

Unfortunately there was no time to stay at this energy af-
ter tuning back that harmonic, but by extrapolation one can
estimate that the asymptotic value would have been around
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Figure 3: Measured polarization vs. energy .

76 %. This is somewhat higher than the typical values we
have reached before, without kick minimization.

Simulations show that the minimum rms value of the or-
bit kick does not always lead to the highest polarization, in
particular when the number of BPM’s for which the offsets
are unknown increases. It is therefore conceivable that with
complete alignment of all quadrupoles an even higher po-
larization is possible.

5 CONCLUSIONS AND OUTLOOK

Vertical orbit kick minimization has been applied for the
first time to improve polarization in an electron storage ring.
The method is suitable for speedily setting up good machine
conditions for polarization, in particular for very high en-
ergy machines. An empirical tuning of the harmonic bumps
is still needed for reaching very high polarization.

The Beam Based Alignment will be in the future ex-
tended to the horizontally focussing quadrupoles too.
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