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STORAGE RING DATA,

Design Goals

- Particles stored . . .

- Maximum energy. .

- Storage time ., , ., .

.

- Intensity, per beam , , . .

- Beam crossing regions free for experiments., . , .
- Interaction rate, per beam crossing region, for an

event of total cross section 10-32 cm?2 .

Magnet ‘
- Focusing, type. . .
- Focusing, order

- Field index, n, in bending magnets, , . .
- Field gradient in quadrupoles, at the max energy
- Field, at injection. . , . .
-~ Field, at max energy .

- Bending radius, . ,
- Mean ring radius

- Number of periods,:

- Betatron wave numbers

- Closed orbit amplitudes,

for Ap/p = 1%

- Momentum compaction

- Damping time constants,
for betatron oscillations

- Weight: iron , . | .
copper., .

- Useful aperture: width, .

height . .

Injector system

-Type . . . . . . ...
- Injection energy, e~ .
+

.

. max,
min., . .

at injec

at max energy,

@ e & s &

+ -
e, e

1.5 GeV

. 2 x 1011 part,

1 + 1.5 hrs
3or 4

10 events/hr

AG, separ, funct,

. 0/2Qr Qp BQD Qr 0/2

0.5 ,

~ 420 Gs/cm,
2,4 KGs

10 KGs

5m -

16,2 m

12

3.0 + 3,4

. 1. 89 cm

0. 96 cm
6.2 x 102
800 msec
11 msee

. 322 ton
. 31 ton
. 22 cm

6 cm

. S-band linac

375 MeV

360 MeV



- Injector ¢urrent within e, . . . . . . . . . ... 25 mA
1% energy bin et 0.1 mA
- Injection repetition rate ., . . . . . . . . e e e .. n~0.6p.p.s.
-Inflectortype. . . . .. . . ... ..o, . . 'C-loaded delay line
Vacuum system . ,
-.Design pressure . . . A . 10-9 Torr
-Pumps, type . . ... . ... .. e e e e e getter
- - Pumps, number and size. . .. .. ... ...... 24x4001t/sec
RF system
- Frequency. . . . . . . C e e e e e « e e v ... 8,9Mc/sec
-Harmonic number. . . . . ... ... ... ....3 :
- Accelerating cavities. , . . . ... .........2o0r3
-Max voltage perturn. . . . . i . v v v v u . .. 180 or 250 KV
- Input power to RF cavities . . . .. . . e v e . .. 100 0r 150 kW

1 - INTRODUCTION AND GENERAL CONSIDERATIONS.

The possibility of building a 1, 5 GeV electron-positron stora-
ge ring has been considered at the Frascati National Laboratories since
1961, according to a proposal made by Prof, Touschek, of the Rome U-
niversity, in the spring 1960, After about ten months the Study Group
presented a preliminary proposal(l), which was approved by the Natio-
nal Institute of Nuclear Physics. ' ‘ '

, - The conclusion of the proposal was that, on the basis of the fo
reseeable positron current from a linac and of the little knowledge of the .
beam-beam interaction effects, it was more convenient to start with the
construction of a ring of intermediate energy, say 750 MeV, before buil
ding the second one at 1. 5 GeV,

A deeper study of the positron acceleration and a computation ..
of the beam-beam interaction effects, convinced us that it was more con
venient to build the 1. 5 GeV ring without passing through the 1ntermed1a
te stage, Together with these technical arguments, there ‘was an econo-
mic one: the separated function structure, which presented many advan-
tages for a storage ring and was therefore chosen, altered completely
the relative costs of the two rings. As a matter of fact the difference in
cost between the 750 MeV and the 1.5 GeV rings became so small (of ,
the order of 10 + 15% of the overall cost of one complete ring) that a num
ber of considerations which supported the solution of the two rings, lost
any value, :

At the end of 1962 it was then decided to build only the 1.5 GeV
ring; very little of the time spent on the design of the 750 MeV ring(z) has
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been wasted, as many of the parts are the same, or simply scaled,

At present the project is entering in the final stage of actual
construction: the injector has been recently ordered, tenders have been
asked for the magnet and the construction of the buildings just started.

The ring is scheduled to be completed by the end of 1965 or
beginning of 1966: we think that it will take six months to get the stora
ge ring operating smoothly, which means that the experiments should
begin during the summer 19686.

We shall not say anything here about the use of such a machi
ne; for this we refer mainly to the theoretical work done by Cabibbo and
Gatto(3: 4),

Before going through a description of the different parts, let
us consider briefly a few topics, characteristic of the stor-age rings,
which led us to the design that will be presented in the following sections;
they are: » ‘

a) Interaction rate and space charge effects.
b) Type of focusing structure,
c) Beam lifetime and injection efficiency

a) Interaction rate and space charge effects,

The interaction rate per beam crossing region, n for an event
whose cross section is 6 (in cm?), is given by:

(1) | n.=6fk ‘Zp"' p_dS = L6 (events/sec)

where f is the revolution frequency of the particles in the ring, k the RF
harmonic number, p, and p_ the transverse densities of the two beams;

the quantity L, measured in ecm~2 sec ! or cm~2 hr-1, includes all the

ring parameters and is called lIuminosity. '

The design goal for L is 1033 ¢cm~2 hr;lv; this value gives an
interaction rate at the maximum energy of the order of units or tens per
hour, depending on the type of reaction (see fig. 1),

" When the transverse density of the beams reaches a certain
value, the spatial distribution of the particles in a beam is affected by
the presence of the other beam; an increase of the transverse density
tends first to increase the vertical dimensions of the beams, then to pre
vent the beams to cross, differentiating their mean orbits(5 . '

These space charge effects have been computed(G) for diffe~
rent values of the natural transverse density (. e. the transverse densi-
ty of one beam without space charge effects), assumed equal in the two
beams, and of the vertical betatron phase shift p between two adjacent
crossing regions. As a result we obtained a set of universal curves, with ‘



‘parameter u, which give the relative luminosity, L .1 versus a quantlty

proportional to the natural transverse density, DE (see fig, 2); for ' rela
tive luminosity' we mean the ratio between the actual computed lumlnosi

ty and the luminosity that would be obtained if the two beams crossed with
their natural density distribution and completely overlapped.

It turned out that when p is small (or close to a multiple of ),
the transverse density that can be achieved, while keeping Lrel ~'1, is
higher than when p is large. This becomes then a condition in the design
~of the focusing properties of the ring, :

_ With appropriate scale factors, that depend on the focusing pro

pertles and the energy, we can calculate the luminosity that can be achie -
ved in a given storage ring for a given operating point (1 e, a certaln va-
lue for p and DE).

, Fig. 3 shows a set of curves, versus energy, which refer to our
ring there is the space charge limited current Iy;, and the corresponding
luminosity Ljjm, for the case when the beams have the natural dimensions;
there is also the luminosity that can be obtained with the design value of
the circulating current, 100 mA, and the factor 7= 100 mA/Ihm by which
in this case the beam dimensions must be increased to keep at the limit va
lue the transverse dens1ty This can be achieved either increasing the verti
cal dimensions, by coupling vertical and radial betatron oscillations, or ma
king the beams to cross at an angle, by means of suitable electric fields di-
‘stributed along the ring. '

The natural dimensions of the beams are calculated according to
~ref. 7 and assuming a coupling of 1% between vertical and radial betatron o
“scillations, due to alignement errors; the vertical oscillation amplitudes a-
~re then 1% of the radial betatron oscillation amplitudes.

: The data in fig. 3 refer to p,, = 1800 + 59, which corresponds to-
Y, = 3,08, and to DE = 5 x 10- 5 A quantity which is important to know for thei :
physicists who will use the machine for experiments, besides the expected -
interaction rate, is the energy probability distribution in an annihilation pro-
cess, The r, m. s. value of the energy spread <AE2> 1/2 around 2Eg, whe -
re Eg is the energy of the synchrohous particle in one beam, is for our ring:

- | <GE2str o
. . _4
(2) ~ 5. ¥ 3 x 104 Bgy

‘ Eq. 2 shows one of the remarkable features of this type of experi-
mentation: the exceptionally good energy resolution,

b) Type of focusing structure,

As we saw before, the focusing structure should be such to give, for
the vertical betatron oscillations, a w‘ave»number as close as possible to an
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integer or an integer plus one half, While this is the optimum operating
" point when the two beams cross each other with high transverse density,
it might turn out to be an unstable operating point for one beam alone, or
for two beams at low intensity, conditions which occur during injection,

It is therefore very convenient to use a separated function struc
ture, with low gradient bending magnets and quadrupoles, in which the be
tatron wave numbers can be changed, during operation, varying the cur-
rents in the quadrupoles. :

Another advantage of the separated function structu%e, as com
pared to a conventional AG, is given by the fact that the three modes of
oscillations {synchrotron, radial and vertical betatron) can be damped;
when the field index n of the bending magnets is 0, 5, the three damping
coefficients do not depend on the focusing properties of the structure 7 ).

As far as the focusing order is concerned, we find that in the
straight sections, where both the injection and the beam crossings take
‘place, the betatron amplitude functions, ﬂrad and ,ﬂvert’ should have
respectively a maximum and a minimum,

The maximum for /jrad is required for the injection, as the in
flector must be as far as possible from the equilibrium orbit, while a
small value for /Jyept increases the limit transverse density achievable
in a crossing region and the vertical acceptance, allowing a smaller gap for
the inflector.

These two conditions call for a symmetric structure, with the
radial focusing elements close to the straight sections.

The alignement requirements suggest to have the focusing and
defocusing quadrupoles close together; the relative positions of the two e
lements of the doublet are critical, but they can be set with high accura-
cy, while the position of the doublet as compared to the ideal orbit need
not to be very accurate. : ‘

The number of periods is determined as follows. As we said
the vertical betatron phase shift between two crossing regions must be:

(3) -  p=nnt+ & n integer, & <«1
As we want that the crossings take place in the straight sections,
n cannot be zero, :

Choosing w/2 as betatron phase shift per magnet period, and re-
membering that the number of beam crossings is equal to twice the RF har
monic number k, we have for N,the number of magnet periods:

(4) N =2k- =4kn

For a given number 2k of.crossing regions, the smaller is N, the
less expensive is the ring; the most convenient value for n is therefore 1,



The choice of the number of crossing regions, where experi-
ents and RF cavities are, must be done with a compromise between
rmg cost and convenience of having a large number of them; we decided
to have six crossing regions (k=3) of which two (or three) will be used
for RF cavities and four (or three) for experiments,

We note that for higher energy rings it would be convenient to
use much higher RF harmonic numbers; if the possibility of zero angle
beam crossing is given up, eq. 4 becomes:

. SR
(5) ; N =4 M om integer
¢
and the number of crossing regions is given by 2k/m.

¢) Beam lifetime and injection efficiency.,

Among the processes that contribute to the loss of the particles
stored there are: bremsstrahlung and scattering on the residual gas, scat
tering of the particles in one beam(9),

- It turns out that with the beam densities and the residual gas
pressure which must be-achieved in a storage ring, the last process gives
the most severe limitation on the lifetime, specially at low energy.

Foracomplete description and calculation of this process we refer
toref, 9and 10, The beam lifetime versus energy for our ring, for two va- .
lues of the RF voltage, is given in fig. 4; it is calculated taking into account
the relativistic corrections and the correct distribution for the relative an-
gles of the particles in one beam, but assuming that the distribution of the
positions due to synchrotron oscillations is gaussian, '

The beam dimensions are the natural ones, as defined before (1%
coupllng between radial and vertical betatron oscillations) and the beam cur
rent has the design value of 100 mA, corresponding to about 2 x 1011 partl-
cles per beam, S

The error introduced because of the incorrect distribution of the -
positions due to synchrotron oscillations should not be very important (of ‘
the order of 10 + 20%); it can be‘inferred from the difference between this
computatlon and the simplest one, made assumlng a gaussian distribution for
the ' relative angles,

From the diagrams in fig. 4 we can draw a few considerations:

I) as the injection energy in our ring is 360 MeV and it will take 1 to 1, 5 hours
to store 2 x 1011 electrons and positrons, the lifetime with 150 kV RF vol
tage is too short for the storage process; we must gain at least a factor
3 + 5, This can'be easily achieved increasing the volume occupied by the
beam, with a stronger coupling of the vertical and radial betatron oscilla’
tions, or increasing the length of the bunch, using an RF cavity at a hlgher
harmonic of the principal ones;



1I) the injection and capture efficiency has a maximum for a certain value
of the RF voltage, much lower than 150 kV, if the average energy of
the injected particles corresponds to the synchronous energy; the cap
ture efficiency can be still high with 150 kV if the particles are injec-
ted with an energy different from the synchronous energy (a closed or

~ bit closer to the inflector), but, in this case, as the betatron oscilla-
tion.amplitudes are smaller, the number of turns that can be injected
decreases, because the particles come back, where the inflector frin
ging field is high enough to cause their loss, after one or two turns;

III) the experimentation at low energy does not present particular problems
because of the short lifetime: as a matter of fact the height of the beamsg
can be increased by large factors, with stronger coupling of the oscilla
tions, as we said talking of the beam-beam interaction, and the lifeti-
me made proportionally longer; moreover the annihilation cross sections
are larger at low energy, so that the ring could be used with lower in-
tensities, therefore with longer lifetimes.

The points I) and II) above represent the most severe limitations

on the operation of a storage ring with a low energy injection. We are now

trying to find out the most convenient compromise between lifetime and sto

- rage time, computing the overall injection efficiency as a function of the RT

voltage and position of the closed orbit of the injected particles;on the other

. side we are studying different systems to increase the beam volume,

In the most pess1m1st1c case we shall have an injection efficien-
cy correspondlng to one turn injection, 150 kV RF voltage and injection clo
sed orbit displaced as compared to the equilibrium orbit; in this case, with

"the assumption of a peak positron current from the linac within 1% energy

bin, equal to 100 pA, and with an injection pulse every two damping time
constants, it will take less than ‘one hour:to store 2 x 101 positrons,

2 - INJECTOR AND INJECTION OPTICS.

The 1n3ector is an S-band linear accelerator specially designed
for positron . acceleratlon(x)

It will be built by a firm, Varian Ass, U.S. A, and it should be
1nsta11ed in Frascati during the summer 1965,

CTtis composed of two sectlons with qulte different characteristics:

~ the high current section can accelerate an electron pulse current of 420 mA

up to an energy of 65 MeV (unloaded energy 105 MeV); the high energy section
can increase the energy of an electron beam current of 100 mA maximum by

(x) .- The linac constructlon is'a program supported by CNR (Natlonal Research
Counc11) :




280 MeV (unloaded energy 350 MeV),

For the positron acceleration, the electron beam, at the end of
* the high current section, is focused on a thick converter (~1 radiation
length); a matching magnetic lens, with very short focal length, collects
a fraction of the positrons produced, with a mean energy close to the cri-
tical energy(about 10 MeV) they are then accelerated in the high energy
section,

" To increase its acceptance, the high energy section is surroun
ded by a solenoid which gives an axial field of 2,4 KGs.

Assumlng for the positron yield, the data of ref 11 at 65 MeV
primary energy we have, for the conversion efficiency:

(6) | ”Z 10-2 et/e" x ster x MeV

The acceptance of the high energy section depends on the sizes
of the iris useful region and of the posﬁron source,

‘Ag far as the iris useful region is concerned, at our best know
ledge, no experimental data are available; with an iris diameter varying
between 2, 96 cm and 2, 09 cm, the useful region for acceleration should
probably be 1.5 cm to 2 cm in diameter,

The values of the accelerated positron current have been compu-

- ted in different conditions of positron source size and of useful acceleration
‘region size: the results in Table I assume that the electron beam current on
the converter be equal to 420 mA, and consider the positrons coming out
from the converter with energies between 7.5 and 12, 5 MeV.

The positron source is considered to have a gaussian density -
distribution, with r. m. s. radius equal to p, and uniform |[distribution in
angles and energy. The two values for p, 1 and 1, 6 mm, ‘correspond to
the ‘combination of a gaussian distribution for the incoming electron beam,
with r. in. s. radius equal to 0, 6 mm, with the lateral spread due to multi
ple scattering of 10 MeV electrons in a target 1/3 and 2/3 radiation length
th1ck respectively, -

In our design, we assume that the peak positroncurrent accele
rated within 1% energy bin will be 100 pA,

It is provided the possibility of modulating the beam current, at
the linac cathode, with the ring RF frequency, 30% of thelperiod on and
70% of the period off. This should allow a substantial increase of the cap
ture efficiency in the ring and, as a consequence, should increase by so
me factor, of the order of 1,5 to 2, the charge stored per injection pulse,

The linac will be used not only for injection in the ring, but al
so for experiments with the electron and positron beams.' For this reason
the repetition rate is much higher than that required for the injection; as



TABLE T

Positron current accelerated by the linac,

R(mm) p(mm) 0 AE(ster x MeV) iy(mA)
10 0 0. 45 1,9
10 : 1 0.33 - 1,4
10 1.6 0.22 0. 92

7.5 0 0. 25 1. 05
7.5 1 0, 145 0,61
7.5 1.6 0. 087 0. 37
5 0 0,113 0,47
5 1 0. 047 0.20
5 1.6 0. 026 0.11
R radius of the useful acceleration region
P r. m, s, radius of the positron eource
i+ - peak positron current accelerated

Pr,imaLry electron beam: 65 MeV - 420 mA
Axial magnetic field: 2, 4 KGs :
Magnetic field in the matching lens: 17, 7 KGs
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a matter of fact its value is the maximum allowed by the Klystrons. In
table Il are summarized the principal data concerning the linac.

TABLE I

Linear accelerator data

Electrons Positrons

Energy, unloaded (MeV) 440 360
Energy, for peak total current 100 mA (MeV) 375 _
Maximum total peak current (mA) - 100 . ~0, 5
Peak current within 1% energy bin (mA) - 25 ~0,1
Pulse duration: max (psec) 3.2
min (psec) . <0, 01

Pulse repetition rate:

for 3. 2 psec pulse duration (p. p. s. ) 250

for < 0. 1 psec pulse duration (p. p. s.) ' 700
Beam duty cycle, max 8 x 10-4
High current section:
Energy, unloaded (MeV) 105
Energy, for peak total current 420 mA (MeV) - 85
Maximum total peak current (mA) 420

At the end of the high current section a deflecting magnet will
allow to bring out the low energy, high current beam to an experimental
hall; another bending magnet will be provided at the end of the linac to
deflect the high energy beam to another experimental hall,

’ A third bending magnet, at the end of the linac, deflects the
accelerated beam towards the ring,

The beam transport system from the linac to the ring, compo

sed of magnets and quadrupoles, must satisfy three requirements:

I) the beams have to arrive tangent to the two injection straight sections;
II) the transport system must be acromatic, i, e. it must not introduce at
the output correlations between energy of the particles and their angle
~or position;
III) the beam transverse emittance at the output of the transport system
must have a certain definite shape, matched with the ring acceptance,

The design of the beam transport system has not yet been com
pleted; up to now we found a few solutions (one is shown in fig. 5)_ which
take into account only first order effects. The possible solutions will be
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compared tagking into account higher order effects.
The criteria followed in the design are:

I) each deflection is made achromatic separately, by dividing in two parts
' the magnet and inserting in the middle a quadrupole; the two channels,
for electrons and positrons, are therefore equal;
II) a solution satisfying the required conditions, except for the length be-
" tween the two main deflections, is looked for; »
III) the condition on the length is then satisfied inserting a quadrupole gystem
which gives unit transfer matrix over its length, :

3 . PULSED INFLECTOR.,

The pulsed inflector is a four-wire delay line, loaded with ca-
pacitances, to lower its characteristic impedance.

The requlrements are: an inflection angle and a length such that
a 400 MeV electron beam coming from the injector, at the input end of the
injection straight section, be at a radial distance of 12 cm from the posi-
tion of the beam at the output end of the inflector; there must be a region,
whose cross section is ~ 1.cm x 1 cm, where the deflecting field is cong
tant within a 1% bin while the gap height is 2 c¢m; the current pulse must be
~ 1.5 + 2 psec long, flat within 1% bin and with a decay time short compa
red to the revolution period of the electrons in the ring.

The structure has been studied in the electrolytic tank first, and
then with models on which electric measurements have been done,

The final model, in scale 1:1, is shown in fig, 6; its length is

~ 1. 2 mt and the magnetic field required is #¥ 950 Gs, which corresponds to
 9 500 A; the characteristic impedance is 9, 9.2, with VSWR = 1,1 up to

30 Mc/sec the measured f1111ng time is 45 nsec. This values and the field
plots, measured applying sinusoidal voltage at frequencies ranging from
0.1 to 10 Mc/sec, agree very well with the calculated values and with the

measurements in the electrolytic tank, g

In fig, 7 a field plot is shown; it has been obtained with a diffe~
: rent1al coil system followed by an integrator, :

The region where B/B is within 1% bin is a little smaller than i-
nitially required, namely 8 mm, and the fringing field has a more or less
exponéntial behaviour versus distance, falling to 1% of the central f1e1d at
4, 6 cm from the inflector axis.

- We are now preparmg the construction of a prototype at full po-
wer, The pulse forming network, charged at about 200 kV, will be a cable;
the switch, which must handle a peak flowing power of 1, 000 MW, a spark
-gap. The matched load is designed for the peak power of 1, 000 MW and an
average power of 10 KW, corresponding to a pulse repet1t1on rate of about
5 p. p. s. :
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The technological problems associated with this type of pulsed
inflector are certainly difficult to solve, They could have been easier if
we required a smaller deflection angle, but we prefer to avoid the injec-
tion trough the fringing field of magnets or quadrupoles.

A solution with a ferrite loading(12: 13) has been considered,
but, while it has advantages from the electrical standpoint (lower volta
ge and current), it is much more difficult for the vacuum and the balan
ce is'in favour, -at least for the time being, of the adopted solution.

4 - MAGNET,

The ring magnet structure has been chosen according to the a-
bove mentioned criteria; figg. 8 and 9 show the ring layout and a view of
a ring period.

: The straight sections are very long, 2.5 m, to allow enough
room for experiments and for injection.

‘ Flg 10 shows the amplitude functions, ﬁ’rad and /)’ vert’ for
radial and vertical betatron oscillations, and the closed orbit function, % ,
that is the local displacement, as compared to the synchrohous orbit, of
the closed orbit of a particle whose energy differs by 1% from the synchro
nous particle energy.

_ Fig. 11 shows the betatron oscillation wave numbers versus the
quadrupole strength K, which is defined as:

. - G _2
m K D
_"(8)‘ G o K=1m"2 | for G =500 Gs/cm

| 7 Eg = 1.5 GeV
where G is the quadrupolbe field gradient,

_ " The ring radial useful aperture is chosen according to the injec-
‘tlon requirements; as we already mentioned, we want that the stacked beam
be not disturbed by the fringing field of the pulsed inflector; for a given height.
of the inflector (chosen taking into account the vertical emittance of the injec'
ted beam) and a given field in the inflector, we get a certain minimum distan
ce between the inflector axis and the equilibrium orbit, which, in our case,
“turns out to be 6 + 7 cm, ‘

A further allowance for the synchrotron oscillations, and fer clo-
sed orbit shifts due to alignment errors, brings the required radial half a-
perture to our value of 11 cm ., :

_ This large aperture ‘is used only at the injeetion; when the beam
is stored 6 + 7 cm would be enough (taking into account the RF stability re-
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gion and the single sc‘attering in the residual gas).

‘The vertical half aperture is 1 cm in the straight section, where
Vi vert is minimum, and it is defined by the inflector height; this corresponds
to about 2 c¢m in the middle of the bending magnet, where /‘)’vert is maximum,

Allowing room for heat insulation around the donut, and for a pa-
ir of electrodes in the donut, which give a vertical electric field, required
to get the beam crossing at an angle and to sweep off the ions that might be
trapped in the beam region, the magnet vertical half aperture becomes

5 cm, : ‘ : : -

The _magne't and the quadrupoles will be built in laminated iron,
1. 5 mm thick; this has been decided to allow a field derivative with time
of the order of 10 KGs/sec, | o

The mechanical structure of the magnets is quite usual (fig, 12);
the quadrupoles (fig. 13) have twounconventional features: they are not sym
- metric about the axis, as the required useful region is elliptic instead of cir
“cular, and they do not have return yokes on the sides, to avoid large masses
of iron in the median plane close to the experimental regions, where showers
due to lost electrons could be developed, contributing to the background of
the experiments. : '

‘ Tenders have been asked for the construction of the bending ma-
gnets and quadrupoles; the construction should start before the end of the
current year,

In table III are summarized the alignement requirements for the
magnetic elements(14); it is given the root mean square value of the random
displacements of the different elements which give an r. m, s, value of the
closed orbit maximum displacement equal to 5 mm radially and 3 mm vertical

ly.

In the same table are also indicated the field gradient fluctuations,
in the quadrupoles and bending magnets, which give an r. m, s, stopband
width of 0. 1, and the r, m.s. rotations around three axis of the different ele
ments which give a coupling effect {that is a transfer of betatron amplitude)
between radial and vertical oscillations equal to 10-2, when the difference.
between radial and vertical betatron wave numbers is 0. 05, :

Tests of alignement procedure are under way; the first results(15)
show that accuracies much higher than the ones indicated in table IIl can
be achieved in the alignment; the limit will then be set by the accuracy of the
definition of the ideal orbit in each elglement, which will be obtained with ma-

gnetic measurements,

Models of the bending magnets, in scale 1:2, and of the quadrupo-
les, in scale 1:1, have been built and tested (fig, 14); the results are shown
in fig. 15 and 16, While the magnet profile can be considered the final one,



TABLE HI

Alignement and construction accuracy required.

‘1) Closed orbit displacements.

R; m. s. value of the max closed or
bit displacement assumed

Quadrupole r. m. s. relative displa
cement

Quadr., doublets r. m, s, displac.
Bending magnets r.m. s. displac,

Bending magnets length r, m. s. di-
spersion ‘

2) Instability stopband.

Stopband r. m, s, total width

Quadrupole grédient r.m, s, disper .
- gion

Bending magnet n r. m, s. dispersion

3) Betatron oscillations coupling,

Assumed value for the coupling,
‘with ] ¥.-¥,1 =005

- Rotation . around

an azimuthal axis <27
a radial axis < pryz
a vertical axis <yt

~ Radial

'5mm

O. 09 mm

‘0.6mm‘

2,5 mm

0,4 mm

< cf;_z > ‘I/L

EIN%

(520"

10-2
Quadr.
2x10-3 rad

6x10-3 "
6x1073 "

Vertical
3mm

0. 08 mm
0.5 mm

1.3 mm

)

S 0.1

0. 65%
27%

-Bending Magnets

1.2 x 10‘3 rad
1.7x 10-3. "
5x 10-2
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the quadrupole needs still some change, as the gradlent versus radial di-
splacement is not constant enough, :

The power supply will be composed of three independent rotating
D. C. generators: one for the bending magnets, one for the focusing qua-
drupoles and one for the defocusing quadrupoles, The requirements for the
current stability are stringent for the bending magnet generator, if we
want to exploit the high energy resolution in colliding beam experiment, A
current stability of the order of 5 x 10-4 is required, with the possibili-.
ty of recordlng the current (or‘ the magnetic field) with a sensitivity in the
range of 10-9

5 - THE VACUUM SYSTEM.,

The vacuum system must keep inside the donut a pressure less
than 10~9 Torr. -

: The system is composed of 24 getter pumps:7 with a pumping
speed of 400 1t/sec each; 12 turbo-molecular pumps, with a pumping spe
ed of 140 lt/sec each, are provided for the outgaussing of the donut,

The molecular pumps will not be connected to the donut during
regular operation, when the getter pumps will be on,

As it is shown in fig. 9, the pumps will be connected to the do-
nut between two quadrupoles this solution has been chosen to let as much
as possible of the room in the straight sections free for the experimental
apparatus and the injection.

The donut will be made of stainless steel type AISI 304, with cop
per gaskets; the dimensions relative to 1/12 of the ring are: length 8. 42 m,
volume 175 1t, 1nner surface 4,43 m2,

The donut parts will be subjected to the followmg treatments, af
ter their construction:
a) cleaning with organic solvents (carbon tetrachlomde)
b) electropolishing of the welds;
c) electrolytic degreasing, in hot alkaline baths;
d) passivation with hydrochloric acid;
e) cleaning in distilled water;
f) cleaning with alcohol or acetone,

-/

The parts will then be assembled in the laboratory to form a sec
tor (1/12 of the ring); after a cold test for leaks, a sector will be heated up
to 350 + 4000C for two days , pumped by a molecular pump and then let un
der vacuum with a getter pump.

When the sectors shall be mounted together, they will be first
filled with hydrogen and then let down to air and mounted,
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A . successive heating of the whole donut, within the magnet, up
to 1500C for 3 to 6 hours will allow to get a vacuum within the 10-10 Torr
scale in a short time (one day or less). :

In the connection between the linac and the ring a differential
pumping system w111 be mounted to account for the pressure difference of
the two parts: 107 Torr in the linac and less than 10-9 Torr in the ring;
it will be composed of three 75 1t/sec getter pumps. This system has al-
ready been tested in laboratory,

In fig. 17 a prototype of half a sector, that is 1/24 of the whole
ring, is shown during preliminary tests., It has been treated according to .
the above mentioned procedute; after the firstout gassing at 3500C it has
been filled with hydrogen and then let down to air,

o A successive heating up to 1500C uhder vacuum for 3 hours, al-
~lowed to reach a pressure equal to 10-9 Torr in six hours. A reentry of
Argon, up to a pressure of 10-9 Torr, during 15', to regenerate the getter
pumps, made the pressure to go down, in one day, to an average value of
2,5 x 10-10 Torp (1.5 % 10-10 at the pump and ~3 x 10-10 Torr. at the
opposite end),

6 -RF SYSTEM

The RF system must supply to the circulating beams a peak total
voltage per turn equal to 180 kV (or 250 kV) by means of two. (or three) re-
sonant cav1t1es, at a frequency of 8. 9 Mc/sec

The system, as the diagram in fig, 18 shows, is being designed
for three cavities, The design must take care of two characteristic requi-
-rements of a storage ring; high reliability of operation and high beam loadmg.
Accordlngly the whole system is designed with large safety factors and the
~shunt dynamic 1mpedance of the resonant cav1t1es is quite low, of the order
of 250 KA,

The output from-the pllot oscﬂlator goes to the three power am-
plif1ers via three phase shifters remotely controlled; each power amplifier
is composed of four amplificatioh stages, all of them in-class B1 (with negli
gible grid current), in such a way that the amplitude modulatlon can be done
at every power level,

The ampllfler bandwidth, defined as the reglon where the amp11-
tude response is constant w1th1n + 10~ 2, is1 Mc/sec :

The RF power that can be delivered to the load is equal to 50 kW
per amp11f1er the last stage is directly coupled to the resonant cavity,

The resonant cavity is a two- folded cavity in air; correspondmg
to the two gaps the stainless . steel donut will bé interrupted with two aluml ‘
na 1nsu1ators which must withstand 45 KV each and at the same time, must
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FIG. 22 - LINAC AND STORAGE RING BUILDING LAYOUT.
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FIG. 24 - AERIAL VIEW OF THE STORAGE RING SITE.
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keep the ultrahigh vacuum.

v A full scale model of the resonant cavity (fig. 19) has been built
and tested at low voltage (about 1/4 of the final voltage); a prototype of the
power amplifier is almost completed (fig. 20 and 21) and it will be used to
test the resonant cavity in the operating conditions.

7 - BUILDINGS,

The layout of the linac and storage ring buildings is shown in
fig. 22 and 23. As the experiments are made on the ring itself, no experi
‘mental hall is needed; at the interaction regions a cilindrical volume, 2 mt
in radius and 2,5 mt long, will be free for experimental apparatus. The
ring is not on the linac axis, to allow an increase of its energy for future
uses,

Two experimental halls for the use of the linac beam will be pro
vided on the other side of the linac tunnel; one at the end of the high current
section and the other one at the end of the whole linac.

The construction work, on the ground adjacent to the existing La
boratory site, began at the end of May, 1963; the present status can be seen
- in fig. 24, The excavations for the linac tunnel and ring building foundations
will be completed by the end of July, 1963; the linac tunnel is scheduled to
be built in 12 months and the ring building in about 20 months.
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