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Abstract

At the electron stretcher accelerator ELSA of Bonn Uni-
versity an external fixed target experiment using a polar-
ized electron beam has been started. To provide a polarized
beam with sufficient intensity a dedicated source for polar—
ized electrons is used (with a GaAs-AlGaAs superlattlce
photocathode). To prevent depolarization during accelera
tion in the circular accelerators several depolarizingres
nances have to be corrected for. One type of resonance
(the intrinsic ones) are compensated using two pulsed be
tatron tune jump quadrupoles. This method is applied be— 1 2 3 4 5 6 7 v
cause adiabatic crossing techniques that became popular in -
proton accelerators in the last years cannot be used in ar? Mo 8% : 1750 2640 S500E [MeV]
electron accelerator due to synchrotron radiation effatts 0 150 400 840 t[ms]
higher energies.
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Figure 2: Fast tune jumping of all resonances in ELSA

1 INTRODUCTION

At ELSA[1] external fixed target experiments with longitu-polarization loss in the case of a resonance with the spin
dinally polarized electrons or circularly polarized phego precession frequency.

(produced by Bremsstrahlung) are carried out. For this pur- |ntrinsic resonances are driven by the vertical betatron
pose a low energy polarized electron source is used. Withyotion of the electrons, characterized by the vertical-beta
GaAs superlattice crystal a polarization level of about 66%on tune@, .

tron beam is preaccelerated in a LINAC and a fast cyclingolated resonance is quantified by the Froissart-Stora-
booster (50 Hz). After injection into the main ring furtherpormula [3].

acceleration up to 3.5 GeV is possible. The polarization Py e 1
of the extracted beam can be determined with a Mgller po- F 2em > —1 1)
larimeter.

In this formula the influence of synchrotron radiation is
gSAP"'R , neglected, so it cannot be used for resonances at high en-
ergies in electron accelerators. Spin tracking studies/sho
especially that a total spin flipgé = —1) is there impossi-
ble.
Small polarization losses can be obtained for a small res-

s onance strength or a high crossing speed = "’LQZ

] % which can be achieved by fast shifting the vertical ‘betatron
' tune@, for intrinsic resonances using pulsed quadrupoles.

For the resonances in ELSA an absolute tune shift of
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\\‘_L,, T AQ, ~0.1 is needed with a rise time of about 8. This
— tune jumping is illustrated in Fig. 2. Before crossing the
resonance, the vertical betatron tune is shifted very fast b
Figure 1: The ELSA facility at Bonn University. the tune jump quadrupoles.
In ELSA depolarization is caused mainly by intrinsic 2 TUNE JUMP MAGNETS

and imperfection resonances. The spin originally oriented

perpendicular to the vertical accelerator plane precessEsr ELSA a fast tune jump system was designed. It con-
around the direction of the magnetic field in the bendingists of two fast pulsed quadrupoles which can be pulsed
magnets. Additional horizontal magnetic fields may causep to 500 A in 5-15:s. These quadrupoles are of Panofsky
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Each supply consists of three main components, which
could be realized in semiconductor technology. Firsta 1 kV
i usie high voltage power supply charges a capacitor bank. The

charging is controlled by a PLC (programmable logic con-
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= nects the capacitor bank with the load. The IGBT is con-
trolled by the PLC to generate a linear rising edge, which
can be varied from 5 to 1ps.

The second part conists of a 50 V power supply and
generates the falling edge. It is connected by a MOSFET
switch to the load. The falling edge can be varied between
with 10 pum titanium coating 4 and 20 ms.

The third part is a H-bridge, necessary for polarity
changes.

The PLC is connected by a VME computer to the control
system of the accelerator.
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Figure 3: Design of the tune jump quadrupoles: the end T %‘“”ei“m"““ad'“"‘)'ejt T
cap design consisting of three layers (top), sectional and T | PLC | T

side view of the magnets (bottom).

VME

network connection
to control system

type with square shaped ferrite yokes (see Fig. 3). Calcula- ) ) )
tions for optimization of the design to achieve a low inducF9ure 4: Schematic drawing of the pulsed power supplies
tance have been applied. Therefore a special end cap design

(a,b and c) was carried out. The vacuum chamber is made

of Al 05 ceramics with a 1@:m thin titanium coating on

the inner surface. This coating shields the electromagneti 3 CALIBRATION AND
fields of the beam but does not distort the pulsed magnetic MEASUREMENTS
field.

Using a stored beam in ELSA the pulse amplitude of the
tune jump magnets was calibrated by jumping onto a half
integer betatron resonance (@& 4.5) from various dis-
tances with various pulse heights. The betatron tune was
measured by analyzing the spectrum of the vertical beam
oscillations. Jumping onto the resonance significant beam
loss was observed, reducing the lifetime of the beam from

Because of the high resistance of the ferrites there afe to less than 10 min. 0 s
no significant eddy currents inside the yoke. Frequency de- 1he measured value Ry = (1.7740.08)-107* A~
pendencies of the impedance lead to a slight dispersion 82-3 GeV is in good agreement with the calculations.

the pulse shape which has to be compensated by the powef-alculations and measurements concerning closed orbit
distortions and emittance growth due to the change of the
supply.

optical functions were carried out.[10]
The Po Sunoli Fig. 6 shows the maximum distortion of the closed orbit
€ Fower Upplies caused by a tune jump &£@Q, = 0.1 at 1.5 GeV during

The pulse power supplies (one for each magnet) were cotfle energy ramp. The rise time of the pulse wag$@nd
structed by PPT. A schematic drawing is shown in Fig. 4. the fall time 20 ms.
The design concept is similar to the pulsed power sup- 1€ distortions are all smaller than 1 mm and can there-

plies used for COSY in Julich [7]. fore be neglected. _ .
The successful operation of the tune jump magnets was

puls Plasma Technik, Dortmund first tested on the intrinsic resonance at 2.0 GeV [10].

The main parameters of the quadrupoles are:

resistance: 4,298 £0.001) mQ (=)
inductance: (980.1)puH (=)

max. pulse current: 500 A

max. field gradient:  (1.12480.005) T/m.
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Figure 7: Jumping over thé (+ @.)-Resonance: Polar-
ization dependency of the jump time. The pulse ampli-
ﬁJde was -110 A with each magnet, correspondung to a
AQ, = —0.0047.

Figure 5: Calibration of the pulsed quadrupoles using
jump onto a half integer betatron resonance

4 SUMMARY

Polarized electrons have been produced and accelerated at
1 ELSA. For crossing of intrinsic resonances a fast betatron

1 tune jump magnet system has been installed. First mea-

surements have shown, that the depolarization due to the
1 strong intrinsic resonance at 2.0 GeV can be reduced to

less than 2% with the tune jump magnets.

Further investigations will follow soon to adjust the trig-
ger times to minimize the influence of the remaining intrin-
sic resonances. Together with a harmonic correction of the
7 imperfection resonances in ELSA a polarized beam will be
1 accelerated up to 3.2 GeV in near future.
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Figure 6: Distortion of the horizontal and vertical closed
orbit during a tune jump without overal closed orbit cor-
rection

Without tung jump the resonance causes a depolarlza_tlo ] T. Toyama, C. Steier et al., BONN-ME-97-01
of 25%. Using the pulsed quadrupoles the depolarizatio _ _

could be minimized to less than 2%. Variation of the trig- [%] M- Hoffmann, diploma thesis, BONN-IB-98-10
ger time of the tune jump magnets leads to the curve shovit0] C. Steier, PhD thesis, BONN-IR-99-07 (199()
in Fig. 7. If the jJump is triggered to early stronger depolar-

ization could be observed, which is expected because the

resonance crossing speed is lower on the falling edge of

the pulse than without any pulse. The width of the opti-

mum is determined by the pulse amplitude. A higher pulse

amplitude broadens the maximum and therefore minimizes

sensitivity to time shifts. However, too large amplitudes,

may cause beam loss, because of jumping onto a neigh-

bouring betatron resonance.



