POLARIZED ELECTRONS AT 3.5 GeV ELSA (Bonn)
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Abstract precession frequency depends only on the energy of the
considered particleQ, = ya, where Qy, is the spin tune
Polarized electrons was accelerated in the 3.5 G&Vg the number of precessions in the rest frame of the

electron stretcher accelerator ELSA. The polarization Qfyticle in one turn)y is the relativistic Lorentz factor
the electron beam produced by a polarized electron

source was measured up to 2.1 GeV by a Mgli@nd @ is the gyromagnetic anomaly.(126 o elec-
polarimeter. By optimizing the ramping speed to crodons). Depolarizing resonances arise from resonant
several depolarizing resonances, the polarization of 4588UPling of the spin precession to periodic horizontal

could be preserved up to 1.9 GeV. Strong depolarizatih@gnetic fields of quadrupoles which depend on
occurred at 2.0 GeV (intrinsic resonance), and tHgdividual vertical motions followed by electrons. They

construction of fast tune jump quadrupoles are iR2" be divided into two main categories according to the

progress to conserve the high polarization above 24§'tical motions of the electrons: _
GeV. 1. intrinsic resonances due to the vertical betatron

oscillations. The resonance conditionyés= kP+ Q,
1 INTRODUCTION where k is an integer,P is the superperiodicity of

The Bonn accelerator facility consists of a linac, the ring (P=2 for ELSA) andQ, is the vertical
equipped with sources of both polarized and unpolarized betatron tune@, = 4.6 for ELSA);

electrons, a fast cycling booster (50 Hz), and the storage imperfection resonances due to the vertical closed
ring ELSA (Fig. 1) [1]. External beams can be provided  orbit distortions caused by magnet misalignments
between 0.5 and 3.5 GeV with currents ranging from a  and field errors. The resonance conditioneis k.

few pA to 100 nA using a slow resonance extractiofy order to preserve the polarization to the experiment,

method. several depolarizing resonances must be corrected for
PHOENICS during acceleration in ELSA. Therefore studies for the
SAPHIR 2 /v ema, acceleration of the polarized beam at ELSA were carried
medium _energ\g'@w.“”*}—. extraction sep!a/%\ ~ out.
ex’;gr%::nls // <§W 5“”233?3?’5""9 \/ Dj?:TE;:It:aV“‘ES
ELAN@/ ' pxgﬁ!ﬁzter{ \ 2 PRODUCTION OF POLARIZED ELECTRONS
N ELSA Seamimeetr The source for polarized electrons at ELSA uses the

05-35Gev photoemission from a highly p-doped direct bandgap

\ SR experiments
} l11-V semiconductor (GaAs-like materials) irradiated by
circularly polarized light. The surface is treated with C
and Q to obtain the negative electron affinity (NEA) [6].
An AlGaAs-GaAs superlattice photocathode was used
——tT=n owing to its high polarization and high quantum
efficiency in this experiment [7]. The polarized electrons
Fig. 1: Site plan of the ELSA facility at Bonn University emitted from the superlattice cathode were accelerated
up to 120 keV in the gun chamber and injected to the
In 1998 GDH expeément with circularly polarized linac. The gun chamber consists of an ultra high vacuum
photons using polarized electrons will begin [2][3]. ThgUHV) support unit and a high itage (HV) accelerating
intensity requirement at an external target is about 1 réection [4][5].
with a high duty factor and a polarization degree at leastThe polarization degree at 120 keV was measured with
40%. Polarized electrons are produced at low energiesadmpolarimeter [8] using Mott scattering on thin gold foils
a polarized electron source to fulfill the intensity9]. The maximum polarization of (63:60.4stat+
requirements of the experiment [4][5]. 3.4sys.)% was obtained at a wavelength of 750 nm.
In a flat ring only the vertical component of the |mportant source parameters for polarized electrons
polarization is preserved. The spin vector of eachised at ELSA are listed in Table 1.
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repetition rate 50 Hz magnetic fields in the linac. In Fig. 2, the measured
pulse length lus polarization is plotted at various additional rotation
electron energy 120 keV angles of the spin at the source. As expected, the
laser spot size on the cathotle 10 mm maximum value of (62 2stat*3sys.)% was obtained
polarization degree > 60% without a significant depolarization, when the spin
pulse intensity 1x10% - 6x 10%" orientation was adjusted just vertical to the synchrotron
(peak current of 20 - 100 mA) | plane at the injection point into the booster. For all

subsequent measurements, the solenoid was set to the
Table 1: Source parameters for polarized electrons.  optimal value.

3 ACCELERATION OF POLARIZED ELECTRONS 80 T polarization at the ELSA extfaction " I
60 Fit .
3.1 Beam Acceleration " o
The polarized electrons were accelerated in the linac 8 2o i /
20 MeV, injected into the booster synchrotron, andg o i
accelerated to 1.2 GeV. The injection energy of ELSA: \
was set to 1.2 GeV, staying below the stronge” 2° ¢ /{
depolarizing resonances in the booster at 1.32 GeV [10]. -40
The beam was accumulated in ELSA during 21 cycles of \1
the booster, and then accelerated to higher energies. The i

. . . . -80
ramping speed for the acceleration in ELSA was varied 200 150 -100 50 O 50 100 150 200
between 0.1 and 7 GeV/s to study the resonances in spin orientation at the source [degrees]
ELSA. The slow extraction lasted about 1 s. The length

of the acceleration cycle varied between 1.6 and 2.1fsg. 2: Dependence of the final polarization on the spin
according to the final energy and the ramping speed. orientation at the source.

3.2 Spin Manipulation The extraction energy of ELSA was then set to 1.37 GeV
For the polarization measurements, the spin directi@o that only the third imperfection resonance at 1.32
was changed from vertical to longitudinal afterGeV (ya=3) was crossed during ramping of ELSA.
extraction out of ELSA. First the vertical polarization

was rotated into the accelerator plane by the use of a 1
) ; . . ) I
superconducting solenoid (maximum integrated field 078 \{\ﬁ
125 Tm). Then the spin precessed in the two ' fl\x gl &
downstream bending magnets (see Fig. 1) into the 05 X
longitudinal direction via Thomas precession. 0.25 A
3.3 Mgller Polarimeter & 0
The polarization of the beam was determined by a 025
Mgller polarimeter through a counting-rate asymmetry 05
measurement using a target (40 Vacoflux: compo- 078 fé\g\ﬂ
sition 49% Fe, 49% Co, 2% V) containing polarized ' B\i\g\m . I
electrons and both helicity states of the beam [11]. The 1 05 1 15 5 25
spin polarization of the target foil was 8 27 . 0%éat eNa (e = resonance strength, o = crossing speed)

saturation (10mT). The Levchuk effect [12] on the

effective target polarization is less than 1.3% (relative). . . o .
for all kinematics. The intensity of the extracted bea‘ralné'g' 3: Ratio of the polarization before and after crossing

was maintained between 0.2 and 0.5 nA to keep a neaffythe third imperfection resonance versus/a .
background-free Mgller signal in the time-of-flight

spectra. Fig. 3 shows the change in polarization degree due to the
. resonance crossing for different ratios of resonance
3.4 Experimental Results strength €) to the square root of resonance crossing

The extraction energy of ELSA was first set to 1.2#peed € ) [13]. The error bars indicate statistical errors

GeV, so that no depolarizing resonances in ELSA wefly. By varying the ramping speed between 0.1 and 7
crossed. It was necessary to Compensate the s&ﬁV/S, one half of the measurements were done without

rotation due to Lamor precession by longitudinaflosed orbit correctiong;, spin flip domain) and one



half with a fixed closed orbit bump for the harmonic Qsp=3 B Q=4

correction, reducing the resonance strength significantly Qg%: Q-2 QS”'S"QZ Q= Qs
(&,). The resonance strength of each of the settings was 60 | :
calculated by fitting the Froissart-Stora equation [14] to w0l LI
the measured values (the resonance strength is the onlyg |
fit parameter for the various crossing speeds). g 1
I
The resonances at 1.14 Gef4a=Q,-2), 1.5 GeV g o
(ya=8-Q,), 1.76 GeV ga=4) and 2.0 GeV fa = Q,) “or .
. . . . -60 z

were also investigated by varying the crossing speed.
The measured resonance strengths of the five 0 14 16 18 2 2.2
depolarizing resonances are summarized in Table 2, extraction energy [GeV]
together with the calculated values. The measured and
the calculated values are in good agreement. Fig. 4: Polarization at various extraction energies.

Q E le l¢ 4 CONCLUSION

lculated d .
(Gev) (calovfared) (measured) Polarized electrons have been produced and accelerated
Q-2 1.14 68x 10° 4+ x10° . o
at the Bonn accelerator facility. The beam polarization
3 1.32 10x 10° (108 003 x 107
0 +8 15 a0 10° (@1 x 10° was conserve_d from the source to the target at ;.27 GeV

i : 5 without crossing the resonance. The polarization after

4 1.76 16x10° (Lo£ 42> 10 crossing the third imperfection resonance at 1.32 GeV

Q, 2.0 87x 10* (6+2) x10* '

with various crossing speeds showed good agreement

. with the Froissart-Stora equation. This resonance could

Table 2: Companspn of caIcuIaFed and measur%je overcome by either the spin flip method or the
strength of depolarizing resonances in ELSA. harmonic correction scheme. The beam polarization of
45% was obtained using the spin flip method up to 1.9

The resonances at 1.14 GeV and 1.5 GeV were Wal@ev. Below this energy the polarized beam fulfills the

They require no correction for ramping speeds aboverginimum requirements for th&DH expeiment. The

GeVis. Al the fouth i_mperfeption resonance at 1'7§tr0ng depolarization at 2.0 GeV will be avoided with
GeV, a complete spin flip was impossible (about 25% qgst tune jump quadrupoles for the next step.
the polarization was lost in the best case), although the
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! The transfer energy for this measurement was 1.1 GeV.



