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§ 1+ - Introduction,

The Blectronsynchrotron herebelow described will
have a maxX. energy of 1100 MeV.

Project and design belong to the tComitato Na=
zionale per le Ricerche Nucleari'!'. The progranm started
scoording to a proposal of the President of the 'Istitu-
to Nazionale di Fisica Nucleare!.

The present work for a specific design gstarted
2t the beginning of 1955. Part of 1953=54 had been dedi-
cated to decide beitween weak and strong focusing, and
0 reach a compromige between max. energy; scientific
interest, and available funds.

Tn addition to the description of the machine,
the following pages contain also a few remarks on the

Sgientific Progran.
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§ 2, = General characteristics of our machine.

The foliowing fundamental data are referred 1o
a max. energy of 1000 MeV, although the machine is sup-

posed to reach at lsast 1100 Mevv(1) :

- Finsal energy % 1000 MeV
< = Nax, field ¢ B = 0260 Gauss
~ Radius of the main orbit ¢ R = 360 cm
- Nunmber of gtraight
gections 3 = 4
- Length of gtraight
sections s L = 120,6 cm
- Field index K = 0,61
~ Injection energy (total) : Ei= 2,5 UeV
~ Height of the gap E = 8,6 cm
~ Width of the polar faces $ =22, cm

.o

Cockroft=Walton in
pressurized tank
20 pulses per 8eC.

~ Injector

on

- Repetition rate

The Synchrotron Building and the pertaining
Laboratories are located in Prascati, some 20 km away
from Rome. Fig, 2 asnd Fig. 3 represent two partial

views of the Laboratories.=

§ 3. - The Magnet and the Magnetioc measurements.

a) The magnet is C-shaped, with the doughnut outgide.
One of its secticons is shown in TFig. 4)while Fig. H re-
presents a top view of the whole ring.

The magnet has four straight sections, and

(1) - Report G. 15 of the Frascati Laboratories.



2 - Pront view of the Synchrotron Building
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the leaminaiions are glued together with araldites
Structural details of the magret are shown in

Pig. 6,7,8,9, the main data being as follows 3

- Type : C=gitructure with out-
side doughnui
-~ Poles ¢ removable,and fastened

to the C~wings

~ Height of the gap = 8,6 cm

T
L

i

~ Azimuthal structure g 4 guadrants

9,3 x 104 ke

1

o8

~ Tron weight (approx.)

~ Number of ?turns per
guadrand H

I

12

—~ Type of iron laminations: ARMCO DI-MAX 19, 0,35 nmm
thick = 9260 Gauss at 1000
eV

- Max. average induction

in the iron (approx.) =14000 Gauss at 1000 MeV

=18,5 x 16—3 henry
2 Joule

=« Magnet inductance

13

-~ Max, energy in the alr =2,65 x 10
The magnet.of the Blectrongynchrotron is excited

with alternate current (a.c.), partially biased with d.c.

Fige 10 shows the excitation scheme, Main data of tnis

excitation are as follows

=~ Freguency of the
power supply (= repetition
frequency)

20 periods per sec.

e

- Stability in current,
voltage, fregquency

0,1 % (2

[

~ Condenser bank kVA rating
at 50 ¢/s in parallel to
the magned -

10560 kVA

13

(2} - Ghigo G., I.F.Quercia, CERN Symposium,Vol.I, 475 (1956)



Pig., 6 — Magnet Steel Basis (September 1957)
On the right: One of the Silicon Steel Blocks



Figse 7 = Mmgnet Assembling (November 1957)
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FiG. 10 - MAGNET POWER SUPPLY

MAGNET



~ Capaclity of the condenser
bank

a2

= 3420 p Farad

b) Our general program is not very different from
the standerd for a weak focusing machine. Of course,
meagurements are hardar to'perform with an Electronsyn-—
chrotron than with a Protonsynchrotron and we found 13
mors convenient in some cases to reach a new level of

sensitivity and precision. Here are a few results 2

Fige. i1 gives the n~value as a function of a radial
coordinate in the gap. This measurement was taken
at 500 CGauss, dsc. As one can see, the useful Te~-

gion is of the order of 11 om.

Fige 12 gives the n—value at injectlon, 23 Gauss,
when there is full excitation. The measurcments

wero taken in and outside the median plane.(sl.5.0m).

Pig. 13 gives the n—-value as a function of B , the

azimuth, for each quadrant.

Fig, 14 shows the magnetic median plaune position as
a function of azimuth, for each quadrant, at 500

Gauss, d.cs The measurement, achieved with a preci-
sion of 4 0,2 mm, was made possible by means of a
new instrument, prepared by Dr. G. Diambrini of our

Laboratories (3).

We arc developing a guite complicate system of
correcting coils. Fig. 15 shows an example of the kind
of magnetic field gradient confrols planned by us, with
the correcting coilg distributed along the gap. The expe
rimental results referrcd in the above mentioned figure

were obtained at about 250 Gauss.

(3} = Diambrini, G, CERY Symposium, Vol. I, 471 (19586)
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FIG. 15 - CORRECTING COILS EFFECT
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Our studies of the correciting coils sysbtem include
also the possibility of enlarging the useful area of
the gap by pulsing rather large currents (enlarging
coils) in the right place, near the end of the gap. The
poasible results with the enlarging coils have heen
already reported (4).

As a-general romark, it shall be said that
our technigue of measurement rests heavily en the use
of peaking stripsy these have to he carefully treated

in order to make them becoms reliable detectors.

g8 4. — The Iniector.

The injector ig of the Cockroftfﬁalton type,

Wwith solid rectifiers. Its main data are @ (5)

Cockroft-¥Walton in
pressurised ‘tank

- Type

-~ (as pressure in the tank: A 15 atm,

- Gag type ¢ Agote with a 002 or
Preon % (approz. 10%)

- Dimensions of the tank

(approz.) |
length g = 5 m
width s = 3,5 m
height s = 3,5m

gtainless stesl

= 2,5 MoV (total)

= Mank mgterial

" on

~ Electrons energy

- Max. curreunt approx. 200 ma

© wo

oo

- Length of the pulse from 1 %o 1C po o,

(4) =~ salvini,G. and. Sanna,G. CERN Symposium,Vol.T,458(1956)

(5) - The !'Istituto Superiore di Sanitd', where the project
for this Injector was studied, eared alsc for the
realization end setting of the same.



- Power supply frequency ¢= 1000 cycles

=~ Bletric structure i= 5 stages of 400000 Volts,
Westalith rectifisers

4

~ Ripple of the order of 2x10

" oo

- Inflector electrostatic,60 degress

o

- Required stability of

injection energy = 0,2 %

LT

- Angular opening of the
beam at injection

= 4 3X1o~3 rad or less

For further details, see Fig. 16 and Fige. 17

8 5« — The Radiofrecguency System.

The electrons will be accelerated by two reso-
nant cavities, located in two of the foursiraight sections
of the mggnet. Thegse cagvities will oscillate in 4th
harmonic: the firet cavity will operate in the first sta-
ge of acceleration, from 2 to about 8 MeV of kinetic
energy, with freguency modulation from 42.6 MHz up to
43,7 MHz., Pig. 18 shows a section of the first cavitys
dimensions are indicated in mm.

The second Qavity is modulated only in ampli=
tude, at & fixed frequency of 43.7 megacycles and a max.
voltage of 50-60000 V, The power of the system is of
about 60 kW.

Boih cavitics will be driven by power amplifiers.
While the first cavity is traversed by the doughnut itself,
the second high power cavity cannot allow any dielectric
at the gap and it will be therefore in part under vacuum.
Besides, the second cavity requires water ccoling, and
an extra d.c. volbage, in order to avoid multiwpacting.

The amplifiers’chain of the second cagvity in-

cludes following stages : pilot oscillator, buffer sta-
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FIG. 18 - SCHEME OF THE FIRST ACCELERATING
SYSTEM (. F\’Fj). THE CAVITY IS APPROX.
A SOLID OF ROTATION ROUND THE
AXIS OF 0-0
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ge, prefinal and final stage.

The Ffirst two stages are of the‘conventional
type, with ooncentrated constantsg their tubes are, res—
W”peoﬁlvely,‘of the QBB/BOO and’ QBS/T?BO type. Preflnal
and final stages are asscmbled by using circuits with
distributed constanté, that is, coaxial lines on the
plate and cathode cirbuit. The scheme is of the groun-
ded grid type. The power rectifiers arec a;l three~phase.,.
PCiarizaﬁion of grids.and filaments are s%abilized.

o The second cavity resdﬂaton has an electro~
magnetic structure, intermediate between c%axial and
radial cavity. This form was chosen only becausa the
axial over—all dimensions of the resonator are ob11
god . o - )

The measured vaalue is of about.ﬁboo and
the characteristic~impedancé étduﬁdnéc Ohna ‘

- ‘.Fig,v19fshows the RF1 cavity,the péwer supply
and the controls, The second, 60000 Volts cavity, is vi-
gible in Fig. 20.

We calculated the maximum voltage ¥ max., re=
guired in the RF2 cavity due to the radiatioh logses of
the electrons. (6) In fact, the cross sectioﬁ of the
beam circulating in an Electronsynchrdtron increages
with the energy, mégﬁly because of fluctuations in the
radiation losses (6). On the other hand, the maximum
amplitude of the Synchrotron oscillations accepted at
g siven RF system is an increasing functlon of ite peék
voltage. In order to maintain the electrong beam at the
highest energies, the allowed Synchrotron 6scillations,

N

of amplltude XM’ mugt be larger than~\g’ s the root

(6) - Bernardini, C. Report T 29 of fthe Fragcati ;ng?gﬁﬁﬁigs
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Fige 20 - RFE Cavity



8.

mean squabé amplitude (radius) of the beam. This condit-
ion i§ shown in Pig. 21 i *t appears clearly that the
RF2 oaV1ty should haveg in, the present machlnei a Mmax.
vold aée of ab Teast 50000 Tolts, 1 '

Of course; the timing of the successive ope=~
rations during the acceleration cycle {main Synchroni=
Zer = M.S.) = th@t is the time coordination beiween
injector, magnet, RF1, RFE’ ascs = is of main impor-
tance (7).

The M.S8. is supposed to perform at sach cycle

the following operations at correct times 3.

~ Injeect a beanm of ele¢ﬁ£oﬁ$ fr@m,ihe.inﬁeoter

~ Turn on the RF, power

~. Prdgramming thi RF1'freégenq§ ﬁpddlatiop

=~ Turn offiﬁhe'RFq p?WQr,_tqrn.?n thg EFé;powe:

= Programming the aplitude modulation of the RF,
'peék voltage, | ﬂ

It is convenient that the opergition of M.S.
tracks the instantanceous wvalue og the electronsg energys
this is the xeason Why‘the value B of magnetic field of
the magnet was chosen as independent variable for the
working of the M.S., instoad of the fime in itself
This allows changes of dB/d+% aroun&vﬁﬁe injection,
without cauwsing any compulsory chang%s?in the M.S. pro-—
gram, _ ‘

The infogmation from £ield B o the M.S. comes
through pulses froﬁ biagsed peaking stfips; the required

time precision for the pulses is of thé order of ‘lO—'7 S8C g™

(7) - Alverigi,A., Lepri, F., Puglisi, Mi and Quercia,I.F.:
Report R 12 -of the Prascati Laborabtories.
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9.

§ 6. = Yacuum System and Doughnutbs«

Qur doughnﬁt is built of araldite and guartz
powder, this latter acting as an hardener (8).

The Doughnut is of a rather complex gtructure,
one of its characteristic features being the 5/100 mm
thin stainless steel strips }aid innerly to pxevent ac~-
cumulation of charge on the inside surface.

Herebelow are the main dgta of Doughnut and

Vacuum System 2

- (apacity of each

rotating pump : = 60 me/h
, e -

« Final pressure : =10 5 + 10 mn Hg
- Doughnut material H araldite énd guarts
- Doughnui dimension

(external) s = 230 x 78 mm
- Doughnut wall .

thickness + = 11 mn
- Number of diffusion

pUmMPS : = 4

~ Pumping speed of each

diffusion punp $ 3000 1/sec.

-~ Number of rotating
pumps = 4

For details concorning- construction of our
doughnut, seo Fig. 22.
Two doughnut pieces, ready to be collocated

into the magnet, are shown in Fig. 23.

§ 7. = The present stage of the machine.

The Synchrotron parts heroin described are

(8) = Corazza, Gs 3 Report DO 15 of the Frascati
Laboratories.=
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Fig. 23 = Two Doughnut Pieces
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all ready. The vacuum system was alsc assembled, and re~

search of the beam will start within a few weeks.,

§ 8+ ~ The Research Program.

Our scientific research program should not be
to0 different from what is presently in progress with
similar machines in the U.S.A., We want here %o stress
a few pariticularities of our machine for a more definite
characterization of the same.

The injector, and the type of focusing that was
chosen, are supposed to allow a high intensity of the
circulating beam. In fact, the weak focusing should
allow multi-turn injection, and the capacity of the
Cockroft-Walton accelerator is higher than that of the
commercial Van de CGraaff accelerator. Recent experi-
mental results on photoproduction are a clear demonstra- -
tion of the necessity of a high intessity beam.

Among the general possibilities of our Labora-
tories, we shall mention the.production of liquid H2 and
He. Our plant is supposed to supply 8 litors/hour. Pig.
24 shows a paritial view of this plant.

Develoément of cryogenic research by using the
Ligusfier was considered as eqgually convenienit. Results,
obtained by the group of Prof. Carceri, concerning diffu-
gion of HeB in He4 are ready to be published,

Building analysing magnets takes a long time.
A group of such magnets is now undér construciion. I%

concerns s

a pair Spectrometer for a max., field of about 20000 Gauss,
necessary %o measure the intensity and momentum distribu-—

tion of the X ray beoams



Fig, 24 = Cryogenic Labhoratory. Partial View
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- two analysing magnets with interchangeable poles (either
parallel gap or strong focusing). Max. field 16000Gauss,=-
weight about 20 tonss

~ gtandard guadrupole lenses.

Among the possible directions to he taken by

our future rescarches, we shall mention the following :

~ Photoproduction of nmesons. Recent results have shown the
great interest represented by the research on single and
double photoproduction of pions at intermediante and high
energies (from 500~1000 Mev), where new resonances may
0CCUT . (9}. A group from the Rome University is prepar=
ing a counters plus magnet experiment (10) on slngle
photoproduction, including the use of Cerenkov gas
counters. A bubble chamber is now under construction for
poésible use in the research of double produciiocn of piéns,
and in general on multiple processess
—~ Research on the structure of the nucleon, based on studies
of the electromagnetic cross sections in close photon-nu-~
.cleon and electron-nucleus collisions;
~ Photoproduction of K particles (10). Our machine will de
velop enough energy for measuremenits of the
é’v‘-/a —~ AT+ kT (threshold at 910 MeV)
FAp o E v KT (threshold at 1040 MeV)
reactions, in a region around the threshold of the two

processes guoted above,=

(9) Wilson, R. Preprints and private comunicaticns from
the Lahoratories of Nuclear Studies of the
Cornell University.

(10) Experiments in project with the Electronsynchrotron.
Report of the Prascati Laboratories,



