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~fain Characteristics 

In January 1965, the Linear Accelerator 
Laboratory of Orsay decided to increase the 
performances (EnerP,y and Current) of the Ac­
celerator while carrying on the intensive 
operation of the existing machine. 

The leading purposes of this extension 
are as following : 

1. The increase of energy should match 
with increase of ~eak-current, average current 
(duty cycle), stability and fast adjustment of 
the machine. 

2. The increase of performance is only 
possible with improvements on the existing 
machine. 

3. The project of the extension should 
be carried out while the existing machine is 
used at its best. Accordingly, the whole work 
must be executed in a separate building, so 
as to be independent of the existing machine 
which has to run during the construction, and 
to reduce as much as possible the time needed 
for connecting the two parts. 

4. The extension must allow the accele­
ration of an intensive and high energy posi­
tron bean. Althoueh the money for the e- - e+ 
conversion set and e+ beam focussing set 
has not yet been obtained, we must foresee 
some low impedance sections able to accelerate 
electron high current at the head of the ma­
chine. 

5. Fr~ the experience of the laboratory 
ac~uired by exploiting the existing machine, 
we decided to our selves design the details 
of the project and manage the engineering. 

Figure nO 1 shows the comparison bet­
ween the existing and future machine charac­
teristics. 

The difference of energy between 50 and 
150 cis results fram the fact that on the 
existing machine it is only possible to reach 
150 cis, keeping the same average power, 3 Kw 
RF, in the sections. Indeed the calorific dis­
sipation and temperature gradient between cop-

per and water of the section of the existing 
machine do not allow to triple the average power 

On the other hand, the new sections are 
designed to dissipate 12 Kw average power and 
accept at 50 and 150 cis a peak power of 25 Mw 
to 20 111, for the existing ones. 

The main partiCUlarity of our "mini-mons­
ter" after the extension will be the mUltiplici­
ty of the possible modes of operations (figure 2 

As a matter of fact we have ~ experiments 
rooms nO I, II, III, ISloo and Aco. 

Rooms III I1.nd Igloo vere originally equi­
ped to hold the hiRh energy beam comin~ from 
the main in.iection nO 1. -

In Aco room there are two beam transport 
systems i one of them for e-, the other one 
for e+. 

For the existing room II t:ie beam trans­
port system is n01~ limited at 500 i.leV, but vill 
be e~uiped to holda l,5GeV beaM from Injection 1 

The 38 accelerator sections are distribu­
ted among 9 sectors of 4 or 5 sections each. 
The 16 new sections are set into 4 sectors at 
the head of the existing machine. 

The injection of the existing machine at 
the head of sector 5 is maintained and allows 
the use of low or intermediate energies in the 
five rooms. It should be used simultaneously 
with injection 1 during the tests or maintenance 
of the 4 first sectors. 

The injection at the head of sector 9, 
which has been running for two years, allows 
the filling up of Aco with e- and tests of 
e~uipment in Igloo. It can be simultaneously use' 
with the dispatch of the beam from injection 1 
or 5 in rooms I, II, III or the filling up of 
Aco with e+. 

So far the in.iection gun 9 is set or remo­
ved by hand. Later on the operations will be 
done by remote control, a8 will be the injectior. 
gun 5. 

We will have got 3 sources of positron 
production according to the wanted energy or 
intensity. 
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Two of them are used now on the existing 
machine. the first one R6 at the head of sec­
tor 6 produces e + up to 1 GeV in Igloo and 
room III. The other one R8 at the head of sec­
tor 8 produces a 250 HeV e+ bea':! of higher 
intensity. 

Vie intend to settle the radiator 3 at 
the head of sector 3 to produce e+ which could 
be accelerated up to 1.9 Gp.V in Igloo. 

At least, two deflecting systems. A 
after injection 1 and B. at the end of the 
four new sectors ,vi11 be used to test t)1e 
accelerator at these points. 

"'ith these 5 target rooms. 9 deviations, 
3 positron sources and 3 injections able to 
work apart or simultaneously, the laboratory 
will have got a 1a~ge number of possibilities. 

The operating mode is defined by 

- its injection location + 
- its type of particles e or e 
- what beam transport system is used. 

26 possibilities of operation are al­
ready expected. 

Control of the Accelerator 

Every mode of operation requires parti­
cular apparatus and interlock system. 

The complexity of the problem is beyond 
the ability of the operator. A special logic 
has been defined for preparing and control­
ling the operating modes. 

This logic is based on the I'.otion ~f 
independent units (injection, sectors, e con­
verter, beam transport systeM.) each of them 
including some "imperative" or "facultative" 
conditions. 

For example ; one injection is linked 
to the conditions of modulator, vacuum, fo­
cussing, steering etc ••• Information, signals 
and remote controls with regard to these con­
ditions are put together on a control panel as 
a graph which shows up logic connexions and 
the origin of de~ects. All the imperative con­
ditions are summarised according to this logic 
by means of "AND" circuits using photo-diodes, 
and the result shows that the unit is "ready". 

The units needed for a given operating 
mode are then totalized with some conditions 
peculiar to this mode and show that this pe­
culiar beam may run. 

This specific logic forms an "interlock" 
for the fundamental conditions of an operating 
mode. 

It is an elementary process for a "real­
time" control of an accelerator. To obtain a com­
plete management by a real-time computer it 
should be neccessary to reach the next steps, 

A. recording and storing of all run para-
meters 

B. statement of correlations between these 
parameters 

C. control of these parameters by a compu­
ter which runs the accelerator. 

We have .ucce •• fu11ytested a ·program adap­
ted to an Univac 1107 computer in order to rea­
lize the step "A". 

Hhen we will have enough data to obtain 
reliable statistics we will be able to proceed 
vith step "B" vith the same program. 

~he der.ision to proceed with the last step 
is not taken and may only be taken after the suc­
cess of step "B". 

Some technical points of the design 

It is neccessary to stabilize fUndamental 
parameters of the accelerator. Some of the chosen 
snlutions are briefly described. 

- Frequency and 'i1'i' Distribution 
- Klystron high voltages 
- Temperature 

RF synchronization of the klystrons 

The chain is : (Figure 4) 

- a 3 G cis '-1aster oscilla'\;()r 
- a 1 Kw cw separator 
- a single 5 l'w pulsed preamplifier 
- Then the R1'i' lines and couplers. 

The master oscillator (Figure 3) can put 
out 200 mw cw at 3 G cis with ~ frequency long 
term stability better than 10- • It is a reflex 
klystron = its ontput signal is mixed with the 
signal of an external crystal running at a fixed 
frequency of 3 G cis + 30 If cis with a long term 
stability of 10-8 • ....,he phase of the 30 H cis si­
gnal is locked through the reflex voltage on the 
p'hase of a 30 '! cis tunable oscillator which is 
reMotely controlled from the control room and al­
lovs a frequency adjustment of ± 1 '\ cis. 

The separator is a 802 D permanent magnet 
Varian Klystron vith a d.c filament supply. The 
high voltage stability ifl 10-1, so that we get a 
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clean 1 Kw f,w signal wit~ a frequency stabi­
lity of 10-). 

~he preanplifier is a 2012 ~homson-Va_ 
rian klystron supplied by a very stable delay 
line ~odulator. The preanplifier is already 
in operation and met the technical specifica­
tions which were a phase stability of 1 de­
gree on the top of the pulse and from pulse 
to pulse for 12 hours under the folloving con­
ditions 

- Peak power : 4 ,[" 
- Pulse length (flat top) 5 IlS 

- ?epetition rate: 50, 100, 150, 200 
or 300 p.p.s. 

As we need a high pover level to sup­
ply the 38 klystrons from the beginning o~ 
the machine (the 22 low gain klystrons are 
far away) 'He must use a 1,aveguide RF line. 
which, due to waveguide dispersion give a pha­
se variation of 13 degrees on the last klys­
tron for a 100 f:c/s change in frequency. 

?F level and phase are adjusted at the 
imput of each klystron by a phase shift free 
attenuator and a lossless phase shifter. Both 
are remotely controlled from the control 
room and we hope to have the phase shifter 
automatiCally controlled by some sort of pha­
sing system. 

In order to allow new klystron processing 
during beac operation, a special triggering 
system is designed 

Let fr be the beam repetition rate. The 
preamplifier is triggered at 2 fro The main 
modulators may be triggered by to different 
circuits, both at f but shifted in tine by 
1/2 fro On the firsr circuit the klystron ac­
celerates the neam ; if it mdtched on the 
second one it does not see the beal'l, but see 
the preamplifier. The second circuit is cal­
led "outgassing" circuit ; it may also be used 
in the automatic phasing sequence. 

Klystron high voltace stabilization 

The 38 modulators are supplied directly 
from the power lines through a transformer 
and a dispatching system without any regula­
tion. Klystron high voltages can be remotely 
controlled from the control room, separately 
or together bY,meanl of induction regula-
tors located at each modulator imput. (Figu­
re 5) at the beginning of high voltage ope­
ration, high voltage simultaneously increases 
on all the klystrons from a single control 
knob. But all the klystrons cannot go up to 
the top voltage. As soon as a klystron is tur­
ned off by its own interlock system it is 

switched to a indivudual control YJlob. He thus get 
fast klystron adjustment without loosing flexibi­
lity. 

The loop of the remote control is also used 
to regulate the d.c. high voltage of the modula­
tors within 1 & when it reaches its operation le­
vel whatever that 'level is. 

In addition, there is a "De Q'ing" system 
(Fiv~re 6) on the delay line charge. The del~y 
line voltage is compared with a reference volta­
ge stable to 10-L,. In order to only lOlle lellll 
than 10 % of the power, the reference voltage 
follows the d.c. high voltage. But as the 
":r:Je Q' ing" level is more stable than the d. c. 
voltage, there is a 1 % gate : the ":r:Je Cl,' ing" 
system follows the d.c. voltage only if the d.c. 
voltage changes by more than 1 : that is to say 
if we want it to change since the ~igh voltage is 
regulated within 1 ~. 

'!ith such a "De q' ing" system we get a 
pulse stability better than ± .2 ~ between 150 
and 250 KV at 50 and 150 p.p.c. 

Section water cooling system 

12 Kw per section of the new machine and 
3 Kw per section of the old machine have to be 
dissipated and imput water temperature should be 
constant within 1°C. 

The copper temperature will be about 1°8 
higher than the il'lput water in the new brazed 
lIections and ill 6°C higher in the old lIec-
tions. In order to keep copper temperature con­
stant all along the machine the water temperature 
o~ the old machine will be 5°C lover than for the 
new machine. 

':'he ,rater cooling system is made of 5 
:toops (Figure 7), one for each ne" sector and 
the fifth one for the whole old machine, each of 
them collecting about 6o Y:" and neing separately 
temperature adju~te(l,. The temperature regulation 
is achieved by only injecting cold water from a 
co~mon primary circuit through an automatically 
controlled valve. In order to keen the primary 
water always colder than for the secondary loop, 
the operating temperature of the copper is cho­
sen to be 32°C. 

The main advantages of such a cooling sys­
tem are: simplicity first, fast response (when 
a section is suddenly turned on or off for ins­
tance), because there is not heat exchanger. In 
addition the cold water flm; is very small as 
compared with hot water flow. 

The fifth loop (Old machine) il now in op­
eration and the IIYltem leemll to work very well 
keeping imput water temperature constant within 
: 2°C including transients. 
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Present state of accelerator and estimate progrrun 

1lnlike the existing machine which had 
been ordered as a whole from a private company 
(C.S.F.) and acceptance tests made on t~e 
performances of the beam. this extension and 
the modifications of the existing machine h~­
ve been designed and carried out to a great 
extent by th.e Linear Accelerator Laboratory. 

The totality of sections. klystrons and 
modulators, vithout their stabilization • ,ole 
have spoken about, and "hich has been reali­
~ed by the l~horatory, has been ordered to 
the previous firm. The ac~eptance tests "ill 
he made separately on OF p~rformances. 

RF master oscillator, of distribution, 
v!',cu=" cooling, spaces between sections and 
sectors with their be3J'\ intensit~r or pos;.tion 
monitors, injection, focussing, steering, 
beam phase and positi,on autol"\atic controls, 
interconnections, 'Dower plant. new control 
room, Modification of the existing modulator 
and sections are realised directly by our la­
boratory. 

L''1e buildinr; is fin.ished 
- building I. Fig. 8') 
- new control room (Fig. 9) 
- hall (Fig. 10) 
- 'lear'. t1mnel (Fig. 11) 
- technical tunnel (Fig. 12) 
- the first Modulat~r has been delive-

red: (Fig. 13) 

~he accentanr.e tests on the first sec­
t.ion are in r;op;ress at C.S.:". 

All I'lodUlallors of the existing machine 
have been modified to include the improve­
Ments we have just talked about. 

Six sections of the existing machine 
B.re already r.'.odified wit.h metallic joints and 
titarhl:!!l punps. 

~low we t:link ,re will be able to achieve 
our program: 

_ July 67 : end of the RF tests of 
the extension 

August - Septe~ber : stop of physics 
experiMents ,.,ith the existing machine 
and cC'nnectiC'n of this one ,-rith t1:>e 
new OI)e 

_ 0cto1:>er - :Tovember : beam test 

~ecemher (,7 : High energy beam avai­
la.'hle fC'T :r'c,ysics experiment. 

DISCU$SION 

P. BRUNET, Orsay 

Hendricks, Univ. of Minnesota: 
steps to keep oxygen and carbon 
your water systems to eliminate 
lines? 

BRUNET: No, we are not. 

Are you taking 
dioxide out of 
clogging of the 

HENDRICKS: We have had some difficulty with this 
at Minnesota, although maybe under more severe 
conditions, in our resonatrons; and we have found 
this necesfary. 

CORK, LRL: How do you propose to shield the 
machine for radiation? 

BRUNET: I did not show this part of the picture 
of the building, but there are two 2-m thick bari­
tine shielding walls all along the accelerator 
tunnel. 

VOGEL, ANL: What kind of focusing system do you 
intend to use for your positron beam? 

BRUNET: First, as I said, there are three loca­
tions of positron converters. Two of them are 
used now, and we do not yet have the money for 
building the third, so we did not study the third 
one. On the first one, which is for high energy 
positrons, there is only one lens with a magnetiC 
field of 6000 gauss, and after that we have a 
focusing axial magnetic field along only one 6-m 
section. The intensity of this magnetic field is 
only 500 gause. This is for the first positron 
converter. For the second one, that for the posi­
trons for ACO, we have the money now and plan to 
use a much stronger field. We will have a strong 
field close to the radiator. After that we will 
have an axial magnetic field all along the ac­
celerating sections, that is five sections of 6 m. 
The axial magnetic field after that, all along the 
five sections, will be about 2000 gauss. 

LOE,;, SLAC: Could you say a few words about your 
new injector and about how much time it takes to 
insert or remove the positron sources? 

BRUNET: For the positron sources, it is not long 
because they are remotely controlled. It is ,just 
the radiator that we put in the beam. It is more 
difficult. to put in or remove the gun. Fortunate­
ly it's a very simple eun. It is a diode r,un 
wo~king at 30 kV and not too difficult to put in 
and remove. It takes about one hour, after radi­
ation cooling. 

LOEW: I did not mean the second gun. I mean the 
injector at the beginning. 

BRUNET: The main injection system will include a 
Varian gun able to work up to 120 kV, then a 
chopper cavity, then a prebuncher cavity, all 
going with the gun and made by Varian Associates. 
After that we will enter a homemade section with 
a variable phase velOCity only in the first four 
cavities. This section is a 2-m section, and we 
hope to get a beam out of the injection system of 
about 20 MeV with currents up to 500 mAo 

MALLORY, SLAC: Do you have any trouble with pos­
sible double pulses when you switch the klystrons 
from the accelerating mode to the outgassing mode? 

BRUNET: Installation has not been completed, and 
we do not know what will happen. However, we do 
not expect any major difficulty because there are 
very few klystronE in that position. 
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Fig. 8. 

Fig. ll. 

Fig. 9. 

Fig. 12. 

Fig. 10. Fig. 13. 
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