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Abstract

The transformation of the Saclay electron linac
facility (ALS) into a 2 GeV, 100 pA CW electron facili-
ty is described. Polarized electrons will be available

in the whole energy range. In order to reach the requi-
red performances, the Tinac is rebuilt with new klys-
trons and with the addition of a partial recirculation.
The 100 % duty cycle is obtained with a stretcher ring.

Introduction

The development of electronuclear and photonuclear
physics requires in all the concerned laboratories the
use of 100 % duty cycle, high intensity electron beams, with
a further step in energy in order to study higher momen-
tum transfers and quarks in nuclei. Studies have been
undertaken for several years at ALS Saclay! to define
a physics program as well as a new facility, and now
give rise to a complete project, ALS II. The accelera-
tor part of this project is described here. The main
characteristics of the project are given in table I.

Table 1
ALS II project parameters

Energy range 0.5 to 2 GeV (at full intensity)

Average current [ = 100 pA
Duty cycle =~ 100 %
Energy spread < 1073

Tongitudinal or transverse at
all energies

Polarization

In order to use the greatest part of the existing
facility (a 600 MeV, 180 m., 1 % duty cycle Tinac), it
has been decided to add a stretcher ring to the linac,
and to modify the latter in several steps, reaching
finally the parameters indicated in table I. Priority
has been given to obtaining a 100 % duty cycle electron
beam, first at the presently available energy, then at
1.3 GeV max, 100 uA, by installing new Klystrons, and
finally at 2.0 GeV, 100 uA (and 3 GeV, 20 uA) by using a
single head~to-tail recirculation. This last step inclu-
des the construction of new experimental halls (Fig. 1),
as experiments with electrons of energies up to 1.3 GeV
only can be performed in the existing halls.

Polarized etectron
source

Electron gun recirculation

Stretcher ring

Experimental rooms
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The Tinac transformation

A one-turn injection into the stretcher ring has
been chosen, in order to optimize the transverse phase
space in the ring and the extracted beam emittance ; it

. is then a good compromise to use 1 usec beam pulses from
‘the Tinac and a 300 meters circumference ring.

The new linac will be built at a reduced cost, as
it will make use of the existing tunnel, of the existing

accelerating structures and of a new high power klystron

from Thomson-CSF (25 MW, 40 kW, efficiency 45 %). The
characteristics of the new linac are given in table II.

Table II
New linac parameters

Number of sections 23
Peak RF power/section 25 MW
Average RF power 40 kW

No-load accelerating field 13 MeV/m

Maximum peak current 200 mA

RF pulse length 2 usec
Beam pulse length 1 ysec
Max.repetition rate 500 Hz
No-load energy 1.75 GeV
Energy at i = 100 pA 1.3 GeV

Due to obvious limits in average RF power per section,
the beam duty cycle is limited to 5 x 10-3, resuiting
in a high peak current operation. Beam break-up and
beam Toading problems must then be examined carefully.
Concerning beam break-up, since our linac has already
accelerated a 40 mA, 10 usec beam, with an electric
field of 2 MeV/m, the acceleration of a 200 mA, 1 usec
beam with an electric field of = 10 MeV/m should not
pose any problem.

Transient beam loading is important, because the
RF structure filling time is comparable to the beam
pulse duration and the structure impedance is high. The
compensation method, which consists in switching on suc-
cessively different sets of klystrons, is well known.?

Positron acceleration, presently performed at Sa-
clay in order to produce monochromatic photon beams, is
not planned for the future facility, as it is thought
that photon tagging will be thoroughly implemented. Con-
versely, it is planned to supply polarized electrons
with either longitudinal or transverse polarization in
the two electron scattering experimental halls.

- Fig. 1 ~ Layout of the new facility designed
-fEsy at ALS Saclay. 1st stage : 1.3 GeV, 100 % d.c.
O 2nd stage : 2 to 3 GeV (dashed lines).
-
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Computations and simulation measurements on the present

1inac have been carried out and are reported elswhere.?® Ac-
cording to this work , it seems reasonable to expect an ener-
gydispersionoftheorderof1 %at the 1inac exit, evenwith
recirculation. An energy compression system of a classical
design® will be installed to reduce this energy disper-
sion down to about 10~ before injecting into the ring.
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The new 1inac is shown in Fig. 3. Part of the exis-
ting linac (23 sections out of 27) will be rearranged
(Fig. 2) in the existing tunnel to provide space for fo-
cusing, beam monitoring, and for installing the energy
compression system. The maximum beam energy as a func-
tion of average current is shown in Fig. 4 (curve 1}.

In order to reach an energy of 2 GeV with an ave-
rage current of 100 uA, a straightforward solution is
to add 13 new accelerating structures and klystrons to
the 23 units described here. However, in order to save
investment cost and electrical power, it is wiser to
plan a single recirculation® (Fig. 3). Due to the large
amount of beam loading in the proposed operation mode,
a head-to-tail recirculation is necessary, as it should
avoid any transient electric fields in the waveguides.
Thus, the time associated to the linac length and the
recirculation path must be equal to beam pulse duration
tg, i.e. 1 pus. For this reason, the beam is recircula-
ted through the 20 last RF structures only. In this
mode of operation, the repetition rate is 400 Hz only.
The no-load energy is about 3.3 GeV, and the energy is
2.4 GeV at i = 80 pA (7 = 200 mA). It is possible to
obtain higher average currents, e.g. i = 100 pA at 2
GeV, by increasing the repetition rate. Then, above
i = 80 pA, the maximum beam energy varies like i~! (cur-
ve 2 in Fig. 4).

The injector

In order to insure a 100 % capture at injection in-
to the ring, the beam has to be bunched at the RF fre-
quency of the ring. This one must then be a subharmonic
of the linac frequence Fo (Fy = 3000 MHz). The frequency
of 600 MHz (Fo/5) has been chosen, because none of its
harmonics is equal to 3/2 Fo which falls within the pass-
band of the BBU mode in our section. In the 600 MHz
chopper and prebuncher cavities, as well as in the 3000
MHz buncher which follows, space charge will be five ti-
mes larger than in a conventional injector. This effect
js being studied with the PARMELA code.® An energy of 20
MeV is expected at the exit on the injector. The emit-
tance should not be greater than 57 mm.mrad.

The stretcher ring

The purpose of the stretcher ring is to change a
pulsed, low duty cycle beam from the linac into an al-
most cw electron beam ; the principle is well knownsince
the ALIS project.’

For the present project, a 300 m. circumference
ring with a single turn injection and about 2000 turns
resonant extraction has been chosen. The ring configura-
tion is classical ~ a FODO lattice with a betatron phase
advance of 60° per cell - and its characteristics are
summarized in table III. The design includes two long
achromatic straight sections (24 m.) and two short ones
{6 m.) (Fig. 5).

Bue to the 2000 to 2500 turns extraction period,
the synchrotron radiation Tosses must be compensated by
an RF accelerating voltage. The choice of a 600 MHz fre-
quency allows the use of a structure with a small number
of cells (1 to 3), so as to avoid instabilities. This fre-
quency is high enough in order that the beam microstruc-
ture be compatible with the response time &8t of the de-
tectors (no difference with a 1000 MHz RF as long as
&t > 1 ns). The RF structure will probablybe of a type de-
veloped for the PETRA ring,® with a shunt impedance of
15 Mz, It will be supplied with a 55 kW television klys-
tron.
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The injection will be achieved in a single turn,
in the horizontal plane and on the equilibrium orbit. As
the storage times are much shorter than the damping
time, this method insures that the stored beam emittan-
ce will be very close to that of the linac beam, i.e.
€ £ 0.1 m mm.mrad in both planes. This injection scheme
requires the use of a high duty cycle and short fall
time kicker. Due to this fall time, the ring could be
filled up to 90 % only.

The extraction makes use of a half-integer resonan-
ce near vy = 8.5. The thoice of the half-integer reso-
nant extraction has been dictated mainly by the need of
a very high efficiency. Indeed, due to the large average
current, losses greater than 1 % would cause radiation
problems. An extraction efficiency of 99 % has been de-
monstrated at KEK proton synchrotron using half-integer
resonant extraction.® Further, in order to minimize the
losses of particules on the electrostatic septum, the
pitch of the extracted beam must be sufficient (e.g. a
pitch of 1 cm is necessary to insure losses Tess than
1%for a septum thickness of 0.1mm). It is then necessary



3298
Table Il
ALS II stretcher ring parameters

Nominal energy 2 GeV
Stored electron current 200 mA
Circumference 300 m.
Bending radius 15m
Maximum bending field (at £ = 3.3 GeV) [0.734 T.
Number of bending magnets 64
Number of cells 50
Number of normal quadrupoles 100
Quadrupole strength 0.35 m~!
Magnet power dissipation (at 2 GeV) 400 kW
Horizontal tune wy 8.5
Vertical tune vy 3.4
Momentum compaction D.02
Synchrotron radiation loss/turn 95 keV
peak cavity RF voltage 500 k¥
Harmonic number 600
RF frequency 600 MHz
Number of synchrotron oscillations/turn|0.02
By max/min 10 m/3.5 m
B, max/min 10.5 m/3.5m
n max/min (normal cell) 1.5m/0.9m
Number of extracted beams 2 2
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Fig. 5 — The stretcher ring (circunference :
magnetic radius p = 15 m.).

to control carefully the divergence of the beam and its
evolution during the extraction in order to minimize
the horizontal emittance of the extracted beam. Compu-
ter simulations have shown than one can expect an ho-
rizontal emittance ey of the order of 0.5 m mm.mrad. The
vertical emittance should not be affected by the extrac-
tion and should be that of the injected beam i.e.

ey < 0.1 m mm.mrad. The energy dispersion of the extrac-
ted beam will be the same as that of the circulating
beam. Calculations have shown that the initial disper-
sion can be reduced by a factor of 3 by a special use
of 'the RF cavity. Therefore one can reasonably expect
an energy dispersion of 107° for the extracted beam.

Two extractions are planned for the new facility,
one directed towards the existing experimental areas,
the other devoted to new areas which will house higher
momentum spectrometers. Several beams of the same ener-
gy but with possibly very different intensities will be
available simultaneously, either by operating two ex-
tractions from the ring, or by splitting the higher
energy beam into a Tow and a high intensity parts with
a magnetic splitter.

Free space for further installation of a third ex-
traction or of an internal target hall is available.

Polarized electrons will be accelerated and stored
in the ring with a transverse polarization and wide
energy range spin rotators will be installed to supply
longitudinally polarized electrons in both electron
scattering experimental halis.
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