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The Prascati synchrofron is an electron ace

"

with & maximum energy of 1.100 MeV, an average intensity
of 5 x 109 electrons accelerated per pulse and a repetition
rate of 20 pulges per second.

The eleoctron beam coming from the injector at an e—
norgy of 2,6 MeV, goes through a system of magnetic lensss,
then past an electrostatic inflector, which injects 1t tan
gontially into the synchrotron magnetic field; there the
electrons are accelerated up to the final energy by Iwo
radio frequency caviiles.

At thoe maximum energy, 23 milliscconds after the i-
njecticn, the electrons sirike a tantalum target, 0,5 mm
thick, Qqual to 0413 radiation lengthgy the experiments u-
gse the @ —-ray beam thus produced which has 2 continuvous
spectrum of energy, up to the maximum clectron energy, and
a half-width of 3,5 mrad at 1000 HeV.

Fig. 1 shows a view of the synchroiron room; one can
see the injector, the pipe connecting the injector to the
inflecfor, along which are two magnetic lenses and four
coils for the beam positioning, the electrostatic inflec~
tor and the radio frequency cavities.

The injector ig a standard XS - 3 MeV Van de tGraaff
of the High Voltage Engincering Corporaticng a fow modifi-
cations have been made, of course, and they are the subject

of tho fellowing report.



FIG.1 - THE FRASCAT! 11GeV ELECTRON-SYNCHROTRON.
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I think that wo wust say, firse of all, tha
modifications have been limited as much as possibles; our

aim was to got, in a shori itime, a suitable injector for

the synchrotron, whose prime requiremcnt was reliasbility.

The modificaiions inside the tank have been confined

<

to the cathode and its pulsery other modificationsg requi-
ey Y

red a lot of time and experiecnce that we do not have.
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Unfortunately the time at ocur disposil %o study

behaviour of the injector and the general problems of injeg
tion in +he Synchrotron, has been very short indeed.
~ Injector specifications,

The specifications for the electron beam at the injeg
tor output fall nto three classoes:

b} Tntensity.
c) Opticss

Bocause of the small asccepbance id meouwentum of the
inflector and the synchrotron, the electron energy nusti
agree, within 0,1%, wi®h %the inflector voltage and the syu

£
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$2bility in e~
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chrotren magnoesic fielid., This means that a
nevgy of 0.,1% would be required, if the obther twe parame-
ters wore kent

T4 is known that the voltage of a Van de Graa®f has
Tzt variations, with the belt frsguency (their value de~
sends on +the belt). Tn the 3 MeV Van de Graaff it Is usual
1y betwoen + 0.5% and + 1%.
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The belt cherge syetem at the basc cannod ©

¥

take care of thesc variations st the belt freguenay,

N
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The corona stabilizer; used in positvive machines,

should bec mounted on the high voltage terminal, and this

1
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nroduces a 1ot of problems.

Another easier system could be devised: Tto use the
down belt charge, like a corona stabiligzer, driven by a
feedback signal transmitted to the high volitage terminal
with a frequency-modulated light; but, as said before, we
did not want to install anything inside the tank unless ab
golutely neceggary.

Then, following more or less what had already been
done =% the Cornell University Synchroitron, we do not iry
to cancel the fast variations, but vary the other two pa-
rameters, namely the inflcector volitage and the magnefic
field at the injection time, in agreement with the injec-
tor voltage.

This compensation takes care of the fast variations
of the injector voltage, with a frequency band from about
0.1 GueBege up to vory high frequencies.

Besidesg this the injsctor needs a low freguency gt g
bilizor to hold the mean voltage constant within 0.,1%, with

high zain in the fregquency range Lrom zero to 0.1 or 0.2

cycles per scecond.

4 100 mlA beam,in pulpog o 2 pgoec, iz required, The

has been changed and a Pierce type sour-

The beam coming fron the injector must have small di
vorgence, of the order of 10"3rad, and a diameter not greg
r than 2 cm, to aveid the use of many magnetic lenscse.

This requires a carcful design of the source,

~ The lew freguency sitabilizer,

A very simple cquivalent circuit of the Van de Grasl=

voltage gensrator can be assumed to consist of a currcent
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gencrator (the belt charge system), a fixed time delay (the
time for the charges on the belt to travel from the base
to the terminal) and a $ime constant RC,; R being the loa-
ding rosistor and C the capacity between the terminal and
cround. The time delay is of the order of 0.1 sco and the
time copstant 2.3 sec.

The open loop fregucnsoy response of the genorator up
0 245 CoePeSe (the point at which there is & 180° phasc

cnift between input and oultput) has been measured; it is

0
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~coment with the above mentionced simple cguiva-
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The original gtabilizer did not meet the reguirement
fis -

o

of a mear stability within 0.1%.

We have built a new siabilizer, whose dlagram is shown

The gignal from the genergting voltmeter goes to an
amplificr, whose gain is about 2.000; its output is fed
back to the input, with a change in phase of 1809, through
a resistance of 10 M /2 . The amplifier is used %o matboch
the impedance and to cancel the effects of stray capacitan
COS .

The output signal depends on the rotation freguency
of the generating voltmetery; we use a frequency~stabilized
supply, we had already for other ecgquipment, whose stabhili-~
ty 1s Dovter than 0.1%.

This AC signal, whose anmplitude is 150 V poak %o poak
for a terminal voltage of 3 MeV, is rectified and compared
with tho reference voltage, The difference signal is ampli
fied by a factor of 30, and after a network, goce to the
grid of the pentode of the belt charge cireuit. The pento=

de has a negative feedback due to tho high resistance in

b

its cathode. The other parts of the charge circuit are una
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FIG.2 - LOW FREQUENCY STABILIZER
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tered.

The netwerk at the pentode grid is like fthe one moun
ted on the original stabilizer, except for the maximum at-
tenuation froqguency, which is lower; this allows a greatoer
phage margin, and thorefore smaller overshoots.

The open loop static gain of the system is 120-130,

Thisg is cnough to hold congtant the mean voltage of the

Van de¢ Graaff within 0.1%, as roquired.

-~ The !pick up compenssation'.

ks has been mentioned before (§°2), the fast distur~-
bances initroduced by the helt cannot be corrected by the
gtabilizers; the !'pick up compensation', which changes the
voltage of the inflector and the magnetic field at the i~
njection time, takes care of them.

The necesenry information is obtained from a signal
induped on a pick up electrode, mounted in o hole in the
tanks this signal is proportional to the terminal voltags
variationa The compersation circuilt diagram is shown in
fige. 3: thore is a preamplificr, whose first stage 1s an
slectrometer tube, and two amplificre, one for the infleo-

tor, and the oither one for the injection timing.

&
B

The system is AC coupled: the time consgltanits are grea
ter than 20 sec, to allow a good lincearity from high fre-
guency down t0 0.05 cepese. With this Tpick up compensation’
the result is thoe same as i1f the Tast variations of the
terminal voltage were decrcascd by a facior greater than

X

10, whilc holding constant the other parameters (inflector

Q

voltares and magnetic field at the injecetion time)u

On this subject, it may be intoresting to mention =
phenomnenon which occurred at the beginning of the synchro-
tron cperation.

When the injected current was high, the acceclerated

intonsity oscillated from zero to a maximum, with a period
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of +the order of 5 seconds, The pick up output had a gimle
Jar bchaviour, nct justified by tormiral voltage variations,
because the signal from the generating volimeter was régu—
lar.

This effect has been eliminated by shielding de Van
de Graaff from the Synchrotron with concrete blocks, and
the bushing of the pick up with lead.

We made the hypothesis that the effect was caused
by a change in the resistivity of the dielecirics of the
pick up (bushing and Gable) in a strong radiation field,
due to the high accelerated beam intensity. This change al
tered the behaviour of the compensation circuitl, when the
intensity was high, thue decreasing it to zZeroj at this
point the compensation circuit recovered, the accelerated
intensity inereased up to a maximum, and the process repes
ted.
=« Thg,Blectron sonzge

The design of the source is based on the imposged con
dition that the electirons coming from the filament must
keop parallel trajectorics while they are accelerated,

With this condition we found a differential cquation
foer the potential along the tube, which depends on the boanm
current densltys; this eiuation must be integrated numerié
cally. However vseful information can be drawn directly:
the limiting value of the electric field in the tube whun
the kinetic energy approaches infinity, always with the a-
bove m§ntioned condition of parallel trajectories, is gim

ven bys

1Y

£ o ﬂf = 2.45x7’041/€7—”



T
wheret E,., ig the limiting value of the electric field,
in V/m,
J iz the bheam current densily, in A/ng
W, is the clectron rest mass in cnorgy unitss
E, is the vacuum permittivitys
c ig the speed,of light.

The wvalue of the eleciric fiecld given by this rela-
tion differs by 13% at 1 MeV, and 7% at 2 NeV from the ex-
act value. From this we get that at a maximum energy of
2.6 Mev, corrosponding to & nwan oloctric ficeld In tho tube
of 15.3 kV/cm, the upper limit of the current dengity for
s parallel beam is 4 xz 103 A/mz.

We roughly evaluated the space charge offect on the
clectron beam, in the interval 100 KeV - 2,6 MeV, supposing
it parallel at 100 KeV, for current dengities higher than
the linit given above; at 104 A/m2 we gebt a divergencwo of
$he ordor of 107 3rad.

As this divergence is small enough, the scource has
boon built so that the potontial along fthe tube axis has
the ocaleulated values up to about 80 kxV; from here on the
field is practically uniform.

Using an electrolytic tank, we determined the voltg
ges of the grid and the first three electredes that gave
the cloctric field we wanted on the tube axis.

The grid voltgge ig given by a pulser, which we will
talk about later ong the electrodes voltage is determined
by the resistors between the planes.

The results obtained with this source are sufiicien
t1ly good; the beam divergence 1s of the order of 2 = 3 xi0T=
rad at 50 mAi,

A point we think must be improved, is the voltage

distribubion to the first electrodes; the resistors chan-
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ge in valuve with time and tho optics get worse.

The source is composed of a Pierce = shaped tantalun
electrodoc, eguipotential with the filament; in its centexy
in a hole 6 mm in diameter, is the tantalum filament, which
is shielded at the back to decrease the power radiated; at
8 mnm from the filement there is the grid, with & hole 5 mm
in diameter, supported by three ceramic spacerss the grid
ig made with very pure and polished aluminum. Fig. 4 is a
view of +the source mounted in the accelerating tube. The
filament is made with tantalum wire, 0.5 mm in diameter,
drawn to & cross-=seciion of about 1 x 0.2 mmz, arranged in
a zig-zag shape within o circle 5 mm in diametler.

The zig mag has bhecn prefemed +to the spiral, becau-
se with the spiral arrangemcnt the electron bean had a2 he-
16 in %the center , duc to the magnetic field of the heating
current. With these filaments we obtained 100 mA at the ouf
put of the Van de Graaff, with a power of about 40 W, Usual
1y we work with 40 mA, and thc heating power is 30 -~ 35 W.

The mean lifetime of the filaments is 300 hours; we
profor to change them every two weeks, which means 250 hours

of active life, rather than to wait for their failure.

3

Phe pulsed beam is obtained by swinging the grid,

-

whichk is normally at - 500 V with respect to the Tilament,
up to + 5.000 V for 2 psec. In fig. 5 is the circuit dia=
gram of the pulser.

A light pulse from a neon (type GB-NEZ2)) mounted in
side the tank igs transnitted with a light pipe to the ter
minal and detected by 2 9317 - A photomultiplietr, which dri
ves the pulsers this includes an amplifier and a thyratron;
at the plate of which there is a wave-shaping line which

doterminces the pulse length,
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_The pulse, brought up to 6,000 V by means of a pul-
se transformer, then goes to the grid.

: Thie pulse height is varigble Lrom ouftside by changing
tﬁe plate voltage of the thyratron. Tho grid pulse has h
jitter smaller. than 10~7T sec (of the order of 108 sec)s
this is obtained by keeping the neon iamp normally on and
driving i%, during the pulsse, with a current 200 times lar
ger than the rated current,

- Injector and Synchrotron operation.

We think it useful %o give hers an idea of the ope-
rating conditions and performance of bhoth the injector and
gynchrotron.,.

The schedulo for approximately the last year has heen.
as followss 132 hours per week of operation, of which 126
arc agsigned to cxperiments, in shifts of 21 hours per days
on Mondays, 13 hours for tho nbrmal maintenance (this in-—
cludes, once ovory two weeks, chnngiﬂg the injeeton cathme
de).

The running time in the pericd January 1 - August 31,
1960, has been 4020 hours, 98 of them have been spent for
the injector conditioning (something less than half an hour
per day); the time lost for failures, in the same period,
has been 434 hours, 170 of them for injector failures.

Por the injector, normal maintenance has amounted to
160 hoursg the tank has been oponed 20 times.

A1l these figures are displayed together in fig. 63
the net officiency of the synchrofron has been 67.0%; the
cfficicncy with respect to the schednled time of opsrsticn
88.2%.

Bofore we coxamine the kind of failures we had to the

injector,; we must recall that our Van de Graaff runs at
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2,6 ¥eV, with a very low average current (1 - 3pA); thore-—

fore, as is aciually the case; we should not expect many e-—

The failures we have had up to now are mainly mecha-=
nical, and the weak point has been the bearings of the up-—
per pulley.

With the rated load and sycel, wiac ovoras lifedine of
the bearings used ghould be of the order of §.000 hoursy
in 7.000 hours we had an average lifetime of 1.750 hourss
the discrcepancy between the two figures is probably duc
to the vibrations which decrcase ﬁhoilife of the bhearings.

Begidesg the- upper pﬁllcy failures (the first of which
caugcd & short circuit %o the motor, the breaking of a shi—
eld and, in conscguencc,; of the belt), after 5.500 hours the
accoelorating tube has beon changed, becausc the first in-
sulator ftowards 3the terminal had some tracks on the glass
insicdo.

Ls far as the synchrotron as o whole is concorncd, tae

maximunm Mo-ray beam obbtained up to now is 8 =x 1011 oqui-
Yy 7

¥

valent quanta per ﬁinuﬁc, which corresponds +to about 6 x
x 107 elcctrons acceleratod per pulse, with an injected
beam of 40 mA; up to thisg limit the acceleratcd intensity
increases roughly Jlinearly with the injected ig}onsity.
With higher injected currcent, the accelerated intonsity
does not increcascs this is caused, at least in part; by a
coupling bestween the two radio frequency cavities, due to
the beam itself, which oxcites synchrotron oscillations
thorofore sots a limit to the intensiiy.

Howevor this is no%,; probably, the only causcy all
scceclerators show this 'saturation! phencmencn;

A conmplete study of the problem would certainly re-
quire a long machine timoy; Tor the time being, wo prefer

to carry it on at odd moments bocause the intensity alrca
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dy obiained Justifies the full sffort bheing devoted to ex=

periments.



