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Abstract

Positron acceleration at the Saclay high duty cycle
linac is made between 20 and 130 MeV at the Low Energy
Station and between 150 and 500 MeV in the High Energy
Room. Average intensities in the whole energy domain
are the highest available among the various laborato-
ries. Energy widths (FWHM) as low as | MeV are obtained
for low energy beam (g 100 MeV) by special use of the
first two sections (S7, S$8) which rotates the phase
space (AE, A¢). Beams can be switched between Low
Energy and High Energy Stations with a period of | sec-
ond. Various factors of the e”/e* conversion rate are
including the magnetic and RF phase adjustments ; they
are illustrated by analyzing the energy spectrum ob-
tained with acceleration in the first section S7 only.
Beam monitoring includes high sensitivity ferrite moni~
tors, RF cavities, wire chambers and scintillation de-
tectors. A removable converter assembly will be used
for an easv maintenance in a highly activated field.
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The Saclayv high duty cycle 600 MeV electron linac
is now a place unique in the world for accelerating av-
erage intensities above 50 nA of positrons from 20 to
500 MeV producing by annihilation in flight intense mo-
nochromatic photon beams used for the study of photo-
nuclear reactions.

Reliable operation during long runs is obtained by
limiting systematically the level of the electron beam
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power. Operation with a high power rotating target is
excluded ; the target is ummoved : a piece of gold,with
a thickness of one radiation length. This strongly water
cooled target is probably able to withstand more than
100 pA average intensity of 90 MeV electrons on a spot
of 1 mm in diameter ; it has been tested at a level of
80 uA for continuous operation and in most of the ex-
periments, the average beam intensities effectively us-
ed are limited to 50 to 60 pA. That limitation is also
important for reducing the effect of the electromaynet-
ic shower on the first accelerating section (S7). This
specially designed standing-wave accelerating section
has been described previuusly'. Particular emphasis is
put on the stability of the various elements ; general
improvements of power yenerators, transmitters and RF
pilot system are contributing to this

goal.

Typical adjustments

Two kinds of typical operation are in use.

For most of the experiments done in the Low &
Room, a maximum energy of 110 MeV is sufficient and
emphasis is put on the intensity of the beam in a ener-
gy width of AE/E = 1.5 Z. The solution adopted takes
advantage of the separate adjustment of the RF phase
at the entrance of first (S7) and sccond (S8) a
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ing sections. Figs.lA and 1B give some rosults
calculation made for an electron bunch of energy I and
phase ¢. One reads on Fig.lA the phase space at the
entrance of S8 for different values of the S7 RF phase

adjustrnent $4; the lower part of the figure isrelative
to the value ¢7 < 90°:the positrons are first slowed
down ; the upper part is the normal adjustment with

¢7 > 90°; the effect of selecting the initial energy
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of the positrons at the entrance of §7 (E7in)by vari-
ous adjustment of the magnetic lens field at the con-
verter (for example from 1.8 to | Tesla) is to change
the beam phase ®gi, at the end of §7.

Experiments made with feeding only $7 with RF (the
other sections S$8...S12 being not activated) and analyz-
ing the energy spectra in the lLow Energy Room, have de-
monstrated that various families of energy are selected
according to the adjustments of the magnetic elements
(lens and solenoids) for a given value ¢7. Among the
peaks observed, two of them are relative to the In/2
and the 7/2 Larmor angle between the converter tar-
get and the entrance of S7, but evidence has been found
for a family with an initial energy Ej of about 20 MeV.

The final adjustment is illustrated on Fig. IB. By
changing the S8 RF phase g one rotates the phase spa-
ce at the end of S8 (Egoyut, ®yout) and one obtains
for example with ¢g = ¢7 = 120° a narrow energy spec-
trum ; such an adjustment gives a gain of roughly a
factor of two for the analyzed beam intenmsity in the
Low Energy Station.

For operation at the maximum energy of 130 MeV in the
Low Energy Room and the acceleration to the High Energy
Room, the best results are obtained with a narrow phase
bunch and the strongest initial acceleration ; the
initial energy spread is bearable with reference to
the AE/E = 1 % monochromatizing slit used at energy of
300 or 400 MeV. For improving the energy spectrum for
such a "High Energy" adjustment, it is generally worth-
while to lower the value of the magnetic field at the
converter target, selecting lower values of E7 and ob-
taining a narrower phase bunch.

Conversion rates and energy spectra

The conversion rates, expressed as the positron beam
intensity obtained after acceleration for a given
90 MeV electron beam intensity impinging on the con-
verter target are given on the Figs. 2 and 3. Curves A
are relative to the intensity at the entrance of the
monochromatizing slit and curves B are relative to the
beam analyzed in AE/E = 1.5 7 for the Low Energy
Room and in AE/E = | 7 for the High Energy Room. The
quoted rates are not the best obtained values but mean
values in numerous runs with some differences in the
adjustments and in the status of the elements. Typical
emittance values as measured in the Low Energy and
High Energy Rooms are respectively 1.8 x 103 MeV mm.mrd
and 1.5 x 103 MeV mm. mrd.

Table | gives typical values of the widths of the
energy spectra as measured with (A) or without (B) the
special (¢7, @) phase adjustment.

Table |
T
Energy of accelerated| 4o | g5 | 130 180 { 340 440
| positrons (MeV)
| 4
L

Widths of energy l

spectrum (FWHM) (MeV) | 1.35 2.50 3 1.9 3.2 1 4.1

(A) with (B) without

/

phase space rotation

Beam diagnostics
A large number of monitors are used to meet the two
requirements of the accurate location of the high aver-
age intensity of electrons at the entrance of the qua-
drupole triplet focussing the beam on the converter
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target and of the quick and easy detection of very low
peak intensity of the positron beam at the beginning
of the adjustment.

After the last section ($6) accelerating theelectrons,
there is a ferrite position monitor with a sensitivity
of 0.2 mm for a 10 mA peak intensity and a secondary
electron diaphragm monitor checking alsc permanently
the centring of the beam . In complement there are
gamma-ray detectors looking to any beam losses. A tele-
vision camera gives permanently in the control room
the direct observation of the surface of the target or,
at any times it is needed, of a remotely controlled lu-
minescent screen introduced in the plane of the target
(the repetition rate of the beam pulses is then reduc-
ed from 1000 to 6 Hz).

The positron monitors in the linac are high sensit-
ivity ferrite toroidal intensity monitors and RF ca-
vities. The first have a very low background of 0.2 uA
peak current. The second have a sensitivity of 0.5 vA.
(We used also remotely controlled diaphragms coupled
to gamma-ray detectors). For the beam handling lines,
intensities are measured with the ferrite monitors and
profiles are given by wire chambers or revolving scin-
tillator systems.

The high sensitivity of the toroidal monitors for
positron beam is obtained by using a high value for the
loading resistance(6 to 10 %) associated with a small
number of whorls (30), instead of the values used for
the electron beam monitors (1 k& - 120 whorls).

Maintenance

The main difficulty is the high residual activity in
the converter assembly. Changing the target itself is
relatively easy. But the big problem is changing, if
it is needed, the coils, the vacuum box and the cooled
collimator. A newly designed assembly will offer the
possibility to disconnact easily the whole converter
assembly by the use of a quickly opened flange joint.



