POLARIZED ELECTRONSAT 3.5GeV ELSA (Bonn)
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Abstract

Polarized eledrons was acceerated in the 3.5 GeV
eledron stretcher accéerator ELSA. The pdarizaion o
the dedron keam prodwced by a polarized eledron
source was measured up to 21 GeV by a Mdller
poarimeter. By optimizing the ramping speed to cross
several depadarizing resonances, the pdarization d 45%
could be preserved upto 19 GeV. Strong depalarizaion
occurred at 2.0 GeV (intrinsic resonance), and the
condruction o fast tune jump quedrupdes are in
progress to conserve the high pdarizaion above 2.0
GeV.

1 INTRODUCTION

The Bonn acceerator fadlity consists of a linag
equipped with sources of both pdarized and unpdarized
eledrons, a fast cycling boater (50 Hz), and the storage
ring ELSA (Fig. 1) [1]. External beams can be provided
between 0.5 and 35 GeV with currents ranging from a
few pA to 100 nA using a dow resonance etradion
method
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Fig. 1: Site plan o the ELSA fadlity at BonnUniversity

In 1998 GDH experiment with circularly polarized
phaons using pdarized eledrons will begin [2][3]. The
intensity requirement at an external target is abou 1 nA
with a high duy fador and a polarization degree a least
40%. Polarized eledrons are produced at low energiesin
a poarized eledron source to fulfill the intensity
requirements of the experiment [4][5].

In a flat ring ory the verticd comporent of the
poarizaion is preserved. The spin vedor of ead
particle precesses around this diredion, and the

precesson frequency depends only onthe energy o the
considered particle: Qg, =ya, where Q, isthe spin tune

(i.e. the number of precessons in the rest frame of the
particle in ore turn), y is the relativistic Lorentz fador

and a isthe gyromagnretic anomaly (116x 107 for elec
trons). Depdarizing resonances arise from resonant
couping d the spin precesson to periodic horizontal
magnretic fields of quadrupdes which depend on
individual verticd motions followed by eledrons. They
can be divided into two main caegories acording to the
verticd motions of the dedrons:

1. intrinsic resonances due to the verticd betatron
oscill ations. The resonance ®ndtionis ja=kP+Q,,
where k isan integer, P isthe superperiodicity of
the ring (P=2 for ELSA) and Q, is the verticd

betatrontune (Q, = 46 for ELSA);

2. imperfedion resonances due to the verticd closed
orbit distortions caused by magnet misalignments
andfield errors. The resonance ondtionis ya=k.

In order to preserve the pdarization to the experiment,
several depolarizing resonances must be crreded for
during accéeration in ELSA. Therefore studies for the
acceéeration d the polarized beam at ELSA were caried
out.

2PRODUCTION OF POLARIZED ELECTRONS

The source for podarized eledrons at ELSA uses the
phaoemisson from a highly p-doped dred bandgap
llI-V semiconduwctor (GaAs-like materials) irradiated by
circularly pdarized light. The surfaceis treaed with C,
and O, to oltain the negative dedron affinity (NEA) [6].
An AlGaAs-GaAs superlattice phaocahode was used
owing to its high pdarizaion and hgh quantum
efficiency in this experiment [7]. The pdarized eledrons
emitted from the superlattice cahode were accéerated
up to 120 keV in the gun chamber and injeded to the
linac. The gunchamber consists of an utra high vacuum
(UHV) suppat unit and a high vdtage (HV) acceerating
sedion [4][5].

The polarization degree @ 120 keV was measured with
a polarimeter [8] using Mott scattering onthin gdd foils
[9]. The maximum polarizaion o (63.6+ 0.4stat. =
3.4sys.)% was obtained at a wavelength of 750 .

Important source parameters for poarized eledrons
used at ELSA arelisted in Table 1.



repetition rate 50Hz

pulse length lps

eledron energy 120 eV

laser spot sizeonthe cahode | <10 mm

polarizaion degree > 60%

pulse intensity 1x10" -6x10%e
(pedk current of 20- 100mA)

Table 1: Source parameters for polarized eledrons.
3 ACCELERATION OF POLARIZED ELECTRONS

3.1 Beam Accderation

The pdarized eledrons were accéerated in the linac to
20 MeV, injeded into the bocster synchrotron, and
acceerated to 12 GeV. The injedion energy of ELSA
was st to 12 GeV, dsaying kelow the stronger
depdarizing resonances in the bocster at 1.32 GeV [10].
The bean was acaimulated in ELSA during 21 cycles of
the bocster, and then accéerated to higher energies. The
ramping speed for the accéeration in ELSA was varied
between 0.1 and 7 GeV/s to study the resonances in
ELSA. The dow extradion lasted abou 1 s. The length
of the accéeration cycle varied between 16 and 21 s
acording to the final energy and the ramping speed.

3.2 Spn Manipulation

For the pdarizaion measurements, the spin dredion
was changed from verticd to longtudina after
extradion ou of ELSA. First the verticd pdarization
was rotated into the accéerator plane by the use of a
supercondicting solenoid (maximum integrated field
125 Tm). Then the spin precesed in the two
downstrean bending magnrets (see Fig. 1) into the
longtudinal diredion via Thomas precesson.

3.3 Mdller Polarimeter

The pdarizetion d the bean was determined by a
Mgiler pdarimeter through a ourting-rate aymmetry
measurement using a target (40 um Vaoflux: compo-

stion 4% Fe, 4% Co, 2% V) containing pdarized
eledrons and bah helicity states of the beam [11]. The
spin pdarization d the target foil was 8.27 + 0.26% at
saturation (10mT). The Levchuk effed [12] on the
effedive target poarization is lessthan 13% (relative)
for al kinematics. The intensity of the extraded beam
was maintained between 0.2 and 05 nA to keep a nealy
badkgroundfree Mgller signal in the time-of-flight
spedra.

3.4 Experimental Results

The extradion energy of ELSA was first set to 127
GeV, so that no depdarizing resonances in ELSA were
crosed. It was necessry to compensate the spin
rotation dwe to Lamor precesson by longtudina

magnetic fields in the linac In Fig. 2, the measured
poarization is plotted at various additional rotation
angles of the spin at the source As expeded, the
maximum value of (624 2stat.+ 3sys.)% was obtained
withou a significant depdarization, when the spin
orientation was adjusted just verticd to the synchrotron
plane & the injedion pant into the bocster. For all
subsequent measurements, the solenoid was st to the
optimal value.
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Fig. 2: Dependence of the final polarization onthe spin
orientation at the source

The extradion energy of ELSA was then set to 1.37 GeV
so that only the third imperfedion resonance a 1.32
GeV (ya=3) wascrossd duing ramping d ELSA.
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Fig. 3: Ratio of the pdarization kefore and after crossng
of the third imperfedion resonanceversus ¢/ Ja .

Fig. 3 showsthe change in pdarizaion degreedue to the
resonance cossng for different ratios of resonance
strength (&) to the square root of resonance a@ossng
sped (a ) [13]. The aror bars indicate statisticd errors
only. By varying the ramping speed between 0.1 and 7
GeV/s, one half of the measurements were dore withou
closed orbit corredion (&,, spin flip damain) and ore



half with a fixed closed orbit bump for the harmonic
corredion, reducing the resonance strength significantly
(&,). The resonance strength of ead o the settings was

cdculated by fitting the Froissart-Stora equation [14] to
the measured values (the resonance strength is the only
fit parameter for the various crossng speeds).

The resonances at 1.14 GeV' (ya=Q,-2), 15 GeV
(ya=8-Q,), 1.76GeV (ya=4)and 20GeV (ya=Q,)
were dso investigated by varying the aossng sped.
The meaured resonance dtrengths of the five
depdarizing resonances are summarized in Table 2,
together with the cdculated values. The measured and
the cdculated values are in goodagreement.

X E g E
(GeV) (cdlculated) (measured)
Q-2 1.14 68x107 (4+1)x10°
3 1.32 10x 107 (108 003) x 10"
-Q, +8 15 39x107° (9+1) x107°
4 1.76 16%107° (15+02) x107
Q, 2.0 87x10™ (6+2)x10™

Table 2: Comparison o cdculated and measured
strength of depadarizing resonancesin ELSA.

The resonances at 1.14 GeV and 15 GeV were wake.
They require no corredion for ramping speeds above 2
GeV/s. At the fourth imperfedion resonance & 1.76
GeV, a ommplete spin flip was imposshble (abou 25% of
the pdarization was lost in the best case), athoughthe
resonance strength is grong as the third imperfedion
resonance. It seemed to be that the depdarization arises
from the spin dffusion duing the spin flip dwe to the
synchrotron radiation [15][16]. Strong depdarization
occurred at the intrinsic resonance a 2.0 GeV (ya=Q,).

Nealy 2/3 of the pdarization was lost.

Fig. 4 shows a pdarization measurement with machine
settings optimized for the resonances at 1.32, 1.5, and
1.76 GeV. The pdarizaion degree was reversed at the
strongresonances at 1.32 GeV and 176 GeV throughthe
spin flip medhanism, while the poarizaion was amost
preserved a the we&k resonance d& 15 GeV.
Consequently a pdarizaion d abou 45% was conserved
upto 19 GeV. At the resonance & 2.0 GeV, the dmost
poarization was lost. The feasible way to avoid the
depdarization at this resonanceis to use pulsed betatron
tune jump quedrupde, because the spin flip medchanism
seams to be impaossble in higher energies due to the
synchrotron radiation. The cnstruction d two pused
quadrupdes with ferrite yokes has been started [16][17].

! The transfer energy for this measurement was 1.1 GeV.
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Fig. 4: Polarization at various extradion energies.

4 CONCLUSION

Polarized eledrons have been produced and accéerated
at the Bonn acceéerator faality. The bean pdarization
was conserved from the source to the target at 1.27 GeV
withou crossng the resonance The podarizaion after
crossng the third imperfedion resonance a 1.32 GeV
with various crossng speeds $howed good agreement
with the Froissart-Stora equation. This resonance ould
be overcome by either the spin flip method o the
harmonic corredion scheme. The beam pdarizaion o
45% was obtained using the spin flip method upto 19
GeV. Below this energy the poarized beam fulfill s the
minimum requirements for the GDH experiment. The
strong cepodlarization at 2.0 GeV will be avoided with
fast tune jJump quedrupdes for the next step.
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