
AUTOMAT'~C CONTROL AND STABILIZATION OF THE ORSAY LINAC 

P. Bru:~et, L. Burnod ard L. Lheritier 
Ecole Normals Superieure - Orsay, France 

Before speaking about a;xtomat~c co:,,',trol, I would like to show briefly 
the present status of the Orsay ~jnac. :Tn this initial design the electron 
linac itself was built by the CSF Company, Since the erd of' 1961, the 
laboratory of the Orsay li:~1c..C has the machiEe in charge for operating and 
improvements. 

'There are now four experimer,~,al areas: (Fig. 1) avaLlable for physics 
exper~ments: one at 250 MeV it: use sircee J960, one at 500 MeV fend one at 
1 GeV iE use since Janl.i.ary, 1962, and t!-:'e !ast OEe at 1, c~ Ge'\'! is ,i 1Jst 
fin~shed now, induding the def1ecting system. Another experimental area 
i,'3 ready to receive the 500 MeV electroL-positl",Y'-;' storage ring, bu~ the 
storage 'ring itself will be ready in 1962, The positror:s will be extracted 
from a radiator located at the 700 MeV Flect:c'oE ,-,E('-;rgy level and then ac'-
celerated from a few MeV to 250 Me'i/ before ectLon. 'The electrofls will 
be accelerated from another gun. by the last part of the linac w,d injected 
il:" the ring at the same point as the posit::c'ons dr.'f" 0 

We already accele:,('ated a positro~:, beam extracted at 200 Me V dec
·:ron ecergy level. For a 700 MeVposit:O:-'OL beam, the ratio of thE., positron 
;n'ior<"l"t"y l'n 3°;10 enpr'g,y sp·np;::;d ;0 +1..](-, c·:e "+'''-'orl ;r~·p"situ on th,;=. tar'g,·t I'" 1,0-4 
<l. .... "'-~.L_"~...~ ..1. __ • . _I'.. " .... _. ~ '" 1..>1., ....... , "., .. ___ .... _~, ...... _.:.., ~ ',), ....... " -",j '-' ~ I~ _ 

Now there is another' prr)posal to exr;(;:~r;d trJe electron energy from 
1.3 to 2.8 GeV by doubling the leEgth of th<:, ms.cbine, and !;oLncreast'o 
the duty factor by a factor of 3, from 50 pp~~ to 150 pps. In. this cabe, 
the new part of the macl::j'1.e wr:l be hllrL:~ at tLe front of t.he present }iliac, 
the shieldir:g of the 1. 3 GeVexperimer,,+,,;.,:c ares. be~ng scrfficie::~ t for a 
3 GeVbeam. 

Operating a multis2ctlon electron 1ina;~ £'01" physics experimpnt~ 
requires a high stability for both beam>'.Jcre",t a'.'l,d. er'ergy. 

,~t is quite easy to obtalri 50 07(1 of the bt::am cl)r:c'''r:'~ if; a 10/0 energy 
spL'ead, if the tra.'1sient beam loading is comp'::;r~8at~"d for' by early in,lec
tion or (;hanging the modlAlator t:mi":g. 

However, it is difficult to maIntain th(~sr' a~:lj:A.stme!1ts over a ]OEg 
pErL-od of time, aEd in a(klitior'., the f:C~:tup tim:: 1;;:: lOEg l~rJess automatic 
cor'.t!:'ols are iLcorporat<=::d. 
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The influence of variations in the main machine parameters such as 
High Voltage , Frequency, Temperature, etc ., a r e well known. 

It is my intention here to spe ak only about some of the system s which 
have improve d the Orsay a ccelerato r and s ome systems wh ich will b e in~ 

corpor ated in the machine extension from 1. 3 t o 2 . 8 GeV. 

1. Klystrons High Voltage 

In the in itial design, the kly s trons and modul at ors were supplied 
from a single ac power supply controlled by an induction regulator with 
a stability of ±. 10/0. Such a long t erm s t ability m ay be sufficient if the 
operator c an control the long term energy f1uctu ation . However, with a 
short term stability of the same magnitude, every fluctuation in t he power 
line s is transmitted to the klystron hi gh v oltage resultin g in beam energy 
v ari atj.ons of the same order. Wit h a n arrow ener gy spectrum and energy 
defin in g slits, excess ive variations in the an alyz ed be am current result . 
Furthermore, for the induction r egulator which was used, the response to 
t he power lines transient s is very slow, of the o r der of one s econd, which 
m eans that the short term stability was m uch worse than 10/0 . 

In order to overcome this short term instability, we a re n ow u s ing 
a motor generator set with an ac v oltage regulator of ±. 10/0 . W e now g e t 
a short term stability better than O. 10/0 due t0

1
1he large inertia of t he set. 

Such a system can keep approximately 2 x 10 electrons / pulse within a 
20/0 ene rgy spr ead for several hour s with curr ent variation s less than 
.± 50/0. The long term stability can be further improved by controlling 
t he alternator output n ot from t he a c outp ut v oltage but rather fro m the 
cha rging v oltage of t h e pulse-forming network. Thi s m eans we can also 
adjust the klystrons high voltage by the in ductor of t he alternat or. 

II . Phasing 

An automatic phas ing system is already installed on five s ections, 
or 300 MeV, of the present accelerato r an d it i s yet working b ut it i s 
under test too. 

T h e rf phase of the section input sign al is comp ared t o the be am 
phase obt ained from a low Q cavity excited by t he beam (Fig. 2). The 
electronic length of t he r f comparison circuit is set up so that a null on 
the phase detector is obt ained for the optim um rf p h ase (Fig. 3) . T his 
optimum rf phase is deter mined by me ans of a beam energy m easure 
m ent and fixed by a phase Shifter., T he phase detector i s amagic T 
with two linear rf diodes (or one diode and a phase wobblin g system ). 
T he two diode voltages a re s tretche d t o a dc v oltage and compared in a 
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differential dc amplifier which controls the phase of the rf klystroll ir."· 
put. A transmission cavity in one arm of the rf comparison circuit, 
temperature locked to the section, compensates for small frequency and 
temperature variations. 

With such a system we can control the phase within ±. 3
0 

with a 
range of beam intensity from 20 to 80 rnA and a 3 db klystron power 
range (10 to 20 MW). However, we do not know yet the behavior of the 
system over a long period of time, let us say for more than o~e month, 
without a new energy calibration. 

It seems feasible that such a long term stability can be obta.ined 
with the following improvements. 

(a) Increasing the phase stability of the rf comparisor:. system by 
choosing rigid and short transmission lines. 

(b) Broadening the range of operation to a 10 to 1 variation in the 
beam curre::::t and 6 db for the klystron power. 

(c) Achieving a more simple al'ld accurate phase calibration for 
example, by adjusting the set: Section -r Ca'7U:Y + Hf Com~ 
parison Circuit in a separate room se~; up for this plJrpos':. 

The disadvantages of the system are: 

(a) A complete system is required yet for each sectwn (ca-; lties, 
rf comparison circ1Jit, electronic. 

(b) We must trust: the ph~:i8e sf:-3.bEjty of the rf phase comparLsm~ 
system. 

The adv antages al~e: 

(a) It does not require a specIal acce 1erator iXlggc:rlng system 
nor sections with ovtput coup1.e~r.'~J i. e., it can be adapted OE 

the present machine. 
(b) It Is a contiGllOusly operatj.ng system. 

Assuming the rf dri7er frt::qL:ency is stab] P, there are 8HH '.wo 
other control systems which must be ircorpqxated if stab18 and reEab~p 
operation of tre linac is to be obtained. These are temperature and 
bpam position controls. 

__ ._I.emperatur~ 

The rf power leve'. in each section. is controlled by rneans of tt!E: 
kly,:;tron high voHage and is 88t \() gh F; UJP optimum performance of 
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sect:on and klystron. Preliminary measurements on the heat transfer 
between the sections and the water indicated that the temperature 
gradient between the copper and water is not independent of the power. 
This means that the cooling of each section has to be independently ad
justed. This can be achieved by controlling the rf phase between the 
input and output of the section. 

This comparison can be seen 700 be extremely sensitive, since 

where 

0' is the coefficient of linear expansior:. 
w is 271" x frequency 
T is the filling time of the section 

Ile is the temperature change 

For example, with 

w = 2 7f x 3 x 10
9 

10- 6 seconds 
1.6 x 10- 5 

/:JJ/J :; 17 degref:'s/degree C. 
------.---~-

I\T. Beam Position CoLtrol 

of copper 

For a high power beam, it is very important to ker.p the beam OY, 

the axis. A steering system which is really independe..-'t of energy ar:d 
stray mp.gnetic fields appears difficult to build. However, for a sl.ngl.e 
beam o[Jeration it should be possible to use an e':"'ror signal d2rived fr.'om 
a beam position monitor to (ontrol steering dipoles and keep the beam Oi' 

axis; after phasing a g~ven sector, the beam can be steered and the po"); .. 
tIon monitored. This seouence of evel"'ts is then carried ou l; on pach s )_c·~ 

cE'ssive sector. 

Despite the multipliclty of parameters affecting the beam dynamiCS .. 
it should be possible to design in such a way all automatic beam steering 
system. 

In this stage we still prefe~~ to put local control loops, better lhan 

a central computer, and to increase the stabIlity of the components. 
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In conclusion, at Orsay the present philosophy is always to 
manually control the accelerator with the exception of the automatic 
systems which I have descrJbed. 

BLEWETT: Could you give an esti.mate of the ultimate that you could 
achieve in the control of phase? 

BURNOD: With the electronics which WE: have EOW, because we use a 
mechanical phase shifter, we think that + 3

0 
is a limit WE' cann.ot Improve. 

If we use a ferrite phase shifter instead of a mechanical one, we can have 
a. confinuous variation of the phase and a better short·-term stability, but 
of course using such a ferrite device we will lose in longo-term stability 
dlJ8 to the ferrite and its power supply. 

,JAMESON: What kind of shori-term phase stabi.lity are you talk.ng 
about? 

BURNOD: Oh, the phase stabilHy is Y'.ow .±. SO 01'2r se\7eral hours. 
There is no problem for the short''':,erm stabiLity l]siEg a mechanic:).: 
phase shifter. 

FEATHERSTONE: Must you control the temp eratL:re of thE transmis,,;,ioL 
lines which bring the phase ir,Jormation to your control devices? 

BDRNOD: It is not done yet, but we must do :+,. 
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