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Abstract 

Two electron sources are now available at the Orsay 
Linac (the injector for the Super-AC0 and DC1 storage rings). 
The new source, called N.I.L., provides intense short pulses 
allowing ‘single bunch’ injection into the Super-ACO, and 
generation of intense positron beams. Description and results 
of the new injector are presented ; we will insist on the 
original aspects of the gun modulator and on the large 
momentum acceptance achromatic transport lint. 

1 .INTR~DU~TI~N 

The construction of the Super-AC0 has created the 
need for a short pulsed gun, which would allow the transfer of 
a single bunch into a single bucket of the 100 MHz cavity of 
the ring. Up until now, injection has been achieved using a 
long pulse (25 ns) provided by the previous diode gun, and 
injection duration for the 2 bunch mode was badly affected. 

On the other hand, as we couldn’t stop the machine 
for a few months, we had to build the new source without 
stopping the existing gun. Consequently, the New Injector 
runs parallel to the first one (Fig. 1 j. Due to the strong space- 
charge forces generated by the high current (1.5 A), the 
clcctrons have to be accelerated up to 20 MeV, before being 
bent to the main Linac through a transport line. 

2. THE GLJN AND ITS PCJLSE MODULATOR 

2.1 Electron gun 

Alumina 

e- 

The electron gun is a triodc gun built by CGR MeV 
with a spherical dispenser cathode (diameter 35 mm, 
R = 40 mm), and a J.R.Pierce optic (Table 1). 

Table 1 
Gun and Modulator parameters 

Beam Parameters : Repetition rate 25 Hz 
Peak currem 15 A 
Pulse length S ns 
Total jitter 1.5 ns 

Electron Gun Type tr iode 
High Voltage 1OOkV 

Pulse F& Characteristic impedance 20 R 
Network (PFN) Thyratron : we cx 1599 

dI/dr 100 kA&s 
forward max. voltage 12,s kV 

Trigger pulse (before doubler) : 
voltage 2S(? v 

rise lime 1 nr 

2.2 Basic concepts of the Modulator 

The cathod-grid distance (1 mm), as well as the high 
current required force the pulse magnitude up to several kV. 
To accomodate these pulses and to keep open the option of 
injecting long pulses (25 ns) into the Super-AC0 in 
multibunch mode, and into the DCI, two coupled pulse 
forming networks (PFW) were built. 

The short PFN is a triaxial structure (copper and air) 
set in the gun axis. This Blumlein-type assembly allows 
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Figure 1 : Two electron sources for the Orsay Linac 
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pulses in the gun, of the same amplitude as the PFN charging 
voltage. The long PFN is a two mctcr long 50 Q coaxial 
cable with open circuit end. It is conncctcd to the gun by a T 
shaped coaxial structure situated on the far end of the short 
PFN. In this scheme, the amplitude of the long pulse in the 
gun is only the third of the PFN voltage. 

.4 large number of power supplies and control circuits 
operating at 100 kV is insrallcd inside the Faraday cage. Initial 
problems associated with electrical break down and clectrnma- 
gnetic disturbances have now been brought rrndcr control. 

2.3 Technological q1tinn.v 

PIftcr having carried out a characterisation study into 
the various types of switches available, a thyratron switch of 
high dI/dt, very small jitter and capable of withstanding 
voltages over 10 kV was chosen [ 11 (Table I). 

To minimize total jitter, trigger speed electronics 
wcrc studied. Particular attention was given to the electronics 
required for trigger pulse of thy tlqralrons grid. They consist 
of a Marx circuit amplifier. with four transistor stages in 
avalanche mode, fOllowcd by a \,oltage doubling transl’ormer 
PI. 

Optical fibers ensure the communication to 
equipment at 100 kV, i.e. the slow control with serial link, 
the speed securities and the triggering (dcvclopcmcnt of speed 
optoelectronic emetters and receptors). 

The control- system is divided into 7 levels : control- 
room of the accelerator, gun area (I!)0 kV supply, vacuum, 
radiations and electrical securities, synchronization), and 
modulator deck (supplies, thyratrons, amplifiers and speed 
securities control). Itilplcri~erltarion was succcs<ful. 

3 . BEA~I AC:HIE\‘E:MEN’I’ 

3. I Transverst?focusing and lorlgitrtdinol hunching 

The bunching system was dcsigncd to accelerate more 
intense electron beams. The USC of the PurmcIu code 131 
permitted us to minimize the effect of dcbunching due to any 
s-7act-charge forces. A prcbuncher S-band cavity was placed as 
close as possible to the electron gun. whilst lcaving enough 
space for the three solenoides which produce a Brillouin type 
focusing field [4]. The 3 GHz bunching and accelerating 
section follows at a minimum dlstancc required by the 
dynamics (Table 2). 

Table 2 
Bunching system design values 

Single copper cavity TM,,, : 
maximum field 14. MV/m 
available inpul power 63. kW 
cavity size 14.85 mm 

Runcher TW maximum field 13. !vfVfm 
available input power 2(! MW 
length 2m 
cavity sire 20 to 25 mm 

Focusing magnetic field 1 500 G 

3.2 Principle of the 20 Mrb’transport line 

The transport lint has to transmit the electron beam 
into the second accclcrating structure used by both injectors. 
The two parameters which determine the deviation design are 

the energy spread of the clcctrons due to beam loading inside 
the buncher and the microbunch time structure. 

The line is composed of two 25” bending magnets, 
between which arc three quadrupolcs ensuring first order 
achromaticity. Howcvcr due to the very large currents 
generated it was necessary to introduce three sextupolcs into 
the beam lint at the maximutn dispersion points. By adding 
the fields it was possible, to minimize the effect of the 
chromatic aberrations (Tt66 and T33h terms of the second 
order transfer matrix) which would otherwise cause the 
transverse dimensions at the line exit to he prohibitively large 
as shown in fig. 2. With sextupolcs, the energy acceptance of 
the system is i: 12.5 %, inside a 90 mm diamctcr chamber. 

0' 
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dirlancc from bunchcr in in 

Figure 2 : Transport calculations at 20 McV 

As the electron microbunch lcngthcning only 
depends, in the achromatic transport case, on energy spread and 
bending magnets, the deflection angle was minimized so that 
the maximum difference hctween path lengths remains under 
one microbunch length. As a result the transport is quasi- 
isochronaus (0,45” @ 3 GHz / %,). 

.? Printed circuits 

As the angle hctween the two injectors was too small 
to allow the insertion of classical Icnscs, printed circuit 
magnets were developed [5] [C,]. Four circuits rolled according 
to the dimensions of the vacuum chamber, are isolated from 
each other by a thin layer of Araldit. They provide the second 
order multipolar field required to achieve achromatic transpn. 

Table 3 
Printed circuits measured parameters 

Units Quad1 Quad2 Scxtu. Dip 

Mean radius of the circuit mm 51.7 53.2 54.1 56.2 
Number of turn per pole 2x14 2x14 2x9 2x28 
Nominal current A 18 18 9 2.5 
Tension per circuit V 34 34.4 12 4.7 
Measured magnetic length mm 319 314 
n-value 1 2 0 
k-value TlmMn 0.603 2.42 
Lmag x k T.mAA( 1 -n) 0.193 0.759 7.7B-4 
dk/k variation in + 21mm r%, 0 .7 1.2 2 
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It was difficult to mechanically optimize the relative 
position of any one circuit with respect to any another and as 
a result the transvcrsc homogeneity of the fields produced was 
bad (Table 3). It was however possihlc to compcnsatc for this 
by using the principle of induction superposition which 
enables one to correct each n-order default with the funda- 
mental field of the same order magnet. The overall effect on 
the field integral was good 171. 

A double prnetal layer closes up the magnetic circuit, 
and ensures a negligible remancnt field (10e2 G). As the 
multipoles nearly cover the total length of the transport line, 
they provide efficient shielding against external magnetic 
fields. 

Indirect cooling of the circuits proved dclicatc. 
Modulef code simulations of the heating problems [81 show 
the necessity to control precisely the copper thickness during 
the chemical etching, as well as rhc Araldit thickness. A 
future project will consider water jet cutting. 

4. DIAGNOSTICS AND CONTROL-SYSTEM 

The anode current is measured using an electrode 
capacitive monitor. Two WCM type intensity monitors, each 
with an alumina screen (doped with 0.2 % chrome) give the 
transmission rate of the transport line (Fig. 1). 

The genera1 control-system is composed of VME 
cards. 

5 . COMMISSIONING 

5.1 Energy spectrum 

The energy and energy spread were measured using 
the first dipole of the transport. At the dipole exit, electrons 
go through a 2 % resolution tungsten slit, and charge a 
Faraday cup yielding d.c. readings. The magnet and monitor 
are controlled by a P.C. At the same time, the transverse 
densiry of the high current beam is mcasure,d at the buncher 
exit. 

We found two optimized RF field values in the 
prebuncher (85 and 165 kV). Figure 3 shows the energy spread 
at X5 kV : 65 % of the electrons are contained in 25 % of the 
dispersion, corresponding to X0 %, of the clcctrons in a X.1 
mm diameter. 

e- nbr (E9) / Mel’ 
80 

48 
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Total charge at buncher exit = 79 nC 
Maximum charge in 25 % energy spread = 51.5 nC 

Figure 3 : spectral density at high charge 

5.2 Transmission in the Linac 

The transmission rate of the 20 McV transport line is 
50 % between the buncher exit and the Linac. The beam profil 
obscrvcd on the second alumina screen shows the sextupolar 
effect (30 % of the electrons would bc lost without sextupolar 
field). Good focusing was achieved using the calculated values 
of the multipolar fields. The limited transmission rate can be 
explained by the mean energy (16 McV) which is lower than 
the nominal one. 

Transmission in the clcctron linac was found to he 
good (90 %), after elimination of serious instabilities. These 
were generated by dark current (grid emission at 100 kV) 
loading of the first alumina screen when it was in its out of 
the beam position. 

6 . REXJLTS AND F~JTURE 

The New Injector now performs the 2 bunch mode 
injection in Super-AC0 in less than 4 minutes (positron 
stored current 200 mA), that is to say a notable gain on the 
injection duration. The positrons arc injected in a single 
bucket without splashing the adjacent buckets. Thus the use 
of RF knock-out to kill the adjacent bunches is avoided ; 
frequent use of which had been rcquircd due to problems 
associated with the phase instabilities of the small adjacent 
bunches which made particle storage difficult. 

This improvement would make it easier to place a 
second RF cavity operating at 500 MHz on the ring : the use 
of such a second cavity was initially proposed in the ring 
project 191, and its implementation would bc of special 
interest to FEL users (gain increasing, spectral range 
extension, and short bunch). 

Finally, an optical transition radiation diagnostic, 
enabling the measurement and optimization of the emittance 
of the New Injector beam, is to be installed on the Linac. 
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