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Abstract

This peper discribes the channel structure for
clectron beam transport from PSR-2000 to spectrometer
SP-103 with the system controlling clectron spin
orientation. Problems of slow extraction of electron
bewns at resonance mf3 and the parametric one are
discussed.

L INTRODUCTION

A pulse stratcher ring (PSR-2000), intended for
producing a qussi-continuous clectron beam with an
energy up to 3 GeV, has been designed for the Kharkov
2 GeV clectron linear accelerator [1]. The report briefly
describes the extraction system and the channel
structure for besm transport to the existing experimentunl
halls with the spectromater SP-103.

A slow bemm extruction from the PSR-2000 under
achromatic operation conditions it to be performed in
the horizontal plane at the third-order resonence ( »y

=16/3) or at the parametric resonanse ( », =w11/2) At

beam energies between 2 and 3 GeV, when the
damping time of betatron oscillations is comparable or
shorter than the time of extraction, the extraction
efficiency at the third-order resonance falls. In view of
this, it eppears reasonuble to extract the beam in this
energy range at the parametric regonance [2].

2. BEAMEXTRACTION TO $F-103

21 Show axtraction o m/3 resonance

During beam extraction at the third-order resonance,
the resonance harmonic of the sextupole field is
produced by four conventional and four pulsed
sextupole magnets which are located in achromatic
strnight sections. The meagnets compensate the
deviation of the particle extraction angle. The tuning to
resonance 5 done by using three pulsed quadrupole
magnets. To choose the parameters for the slow
extraction system and to calculate the beam
characteristics, we have used the DeCA package [3].

For mjection of the beam with a radial emittance

sx-3-10'7mrad and a betatron oscillation amplitude of
icm, for detuning 5m=vx-1613=-1.33'10'2 and &in="

0.810"2 and a distance of dcm from the slectrostatic
septum to the reference orbit, the pitch is dx;=2cm, and
the beam divergence iz x'm1.4-10"4rad. The extracted
beam emittance is £;=1.87-10-6. The undertaken studies

have demonstrated the possibility of reducing the angle
deviation (by means of pulsed sextupole magnets) and

obtaining the extracted beam emittance &ym1.-10°
Tmrad. Fig.1 shows the phase portrait of the beam on

the azimuth of the electrostatic septum in the slow-
extraction mode at the third-order resonance.
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Fig.1 Phase portrait of the beam in the slow
extraction mode at the third-order-resonance.

22 Show extrachon & a parametenc resonance.

With the parametric-resonance extraction the
resonance harmonic end the separatrix are generated
by three pulged quadrupole magnetz and two octupole
mugnets. This system permits the cxtraction at both
pogitive and negative detuning relative to the
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resonance. The numericel estimates have shown that for
the particle extraction at an optimum angle with an

nitial detuning 6im=vx-1ll2=4.-10'2 the pitch &5 1cm
(the electrostatic septum being at 4cm from the

reference orbit). For the tuning to the resonance by the
use of one pulsed quadripole, the extracted beam

emittance is sx=5.-10'7mrud. A large divergence of the

sxtracted beam ( 0.15mrad) i due to the variation of the
extraction angle with a decreasing amplitude of
ozcillations in the separatrix. By varying the phases and
amplitudes of the resonance quadrupole perturbation it
is possible to reduce essentially the deviation of the
particle extraction angle[2]. For this purpose, it is
necessary to have two pulsed quadrupole magnets with
the force of one magnet growing, while the force of the
other decreses. In this case the extracted beam

cmittance & about 110" 7mrad. Fig.2 shows the phase
portrait of the beam on the azimuth of the elactrostatic
septum in the mode of parametricrresonance slow
extraction.
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Fig.2 Phase portrait of the beam in the mode
of parametric-resonance slow extraction.

23 Transparttothe SP-103

To transport the beam to the SP-103 experimental
halls, we use the magnets, th¢ main characteristics of
which are given in Table 1.

Table 1. Parameters of magnets in the PSR-2000-
SP-103 charmel.

Dipole Quadrupole

Quantity 8 18
required
Flald induction at 1.124T 20T/m

ITdeV
Effoctive 1.773m 0.52m
length

Cap or damatar S3mm 75mm

The main parameters of the septa employed to
extract particles are prezented in Table 2.

Table 2. Main septum parameters in the extraction
gystem.

Elactrostatic  Magnet Magnat

saptum saptum 1 septum 2
Plold value 50 0.25T 097
a30eY  gViem
Effoctive 1.42m 1.15m 1.4m
length
Saptum 0.1lmm 1. 5mm 14mm
Phickne i |

The influence of multipole fisld components in the
magnet components of the ring

a1 L8
n! g

on the extracted beam parameters was smdied
analytically and by computer simulation using the
DeCA program package. Tolerances for multipole
components in the dipole and quadrupole magnets of
the ring, viz.,

Z[%—P—]: 0,4-10—3 for dipoles

Z[A:n].1_3 .10~ 3 forquadrupoles

comespond to a 15% variation in the uniformity of
extraction and the extracted beam emittance (this value
is within the tuning value of the extraction system).

Fig.3 shows the layout of the equipment and the
cnvelopes of the extracted and circulating beams for
the extraction section.
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Fig.3 The layout of the equipment
for the extraction section
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The focusing structure of the transport channel was
chosen with the help of the TRANSPORT program [4],
taking into account the necessity of controlling the
orisentation of the beam polarization vector so that to
produce in the SP-103 the longitudinally polarized
beam in the whole energy range of the PSR complex
(0.5 - 3 GeV)I[5].

The structure of the PSR-SP extraction channel and
the beam envelopes in this channel are shown in Fig.4.
The channel for beam transport from the PSR to the SE-
103 comprises diagnostic facilities providing for
quasicontinuous beam intensity, position and profile
mcasurements, as well as 10 two-coordinate dipole
correctors. The total length of the beam transport
channel from the PSR-2000 to the SP-103 is about 130,
To compensate quadratic effects, six sextupole magnets
should be set in the extraction channel. An aluminum-
alloy chamber i supposed to be used as an elsctron
guide,

The chosen scheme of extraction and the channel
focwing structure would allow the production of a
quasicontinuous  electron beam with required
parameters in the experimental SP-103 halls.
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Fig.4 The beam envelopes in PSR-SP channel



