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STORAGE RING DATA . i Vacuum system .-

e Design pressure . . . . . o -: .. 40-® Torr - -

. Design 0““-'."'. “Pumps, type . . . ..., "t getter T
Particles stored . : . . . . U .. " e* e~ "+ Pumps, number and size .. = 24x400is -,
Maximum energy . . o o o oo 1.6 Gev &+ = . : v
Intensity, per beam . o . o .. 2% 10 part,. . v RF system :
Storage time . . ..... "0 l=L&h .7 . Frequency......... . 8.9 MHz
Beam. crossing tegions free'” ... .7 Harmonic number . . . . . 3

for experiments . . . .. ... 7 3or4 .  Accelerating cavities . . . - 2o0r3
Interaction rate, per beam . .. - *'_"Max. voltage per turn . . . 180 or 250 kV
crossing “region, for. an .- ‘ “- - Input power to RF cavities 100 or 150 kW
cvent of total cross sec- ' ' C
tion 103 em® . . ... ', ° ‘10 evenisth '
' . RS i. INTRODUCTION AND GENERAL
Magnet . e * CONSIDERATIONS o
Focusing, type . .. ... - AG, separ. funct, | The possibility of building a 1.5 GeV elect- .
;?:l‘:is“;ﬁhezr,de;, in bending 9{?QFQDBQDQFO /2. ton-positron storage ring has been considered -’
magnets . . ... ..t 0.5 . - at the Frascati National Laboratories since
. Field, gradient in quadrupo- .' .. ; . ... 1961, according to a proposal made by Prof.
Fisz' aatt tin}:eér??:nenergy. , '-:-“'322 féﬁc,m_‘;f' _Touschek, of the Rome University, in the -
Ficld, at max energy . . + ' 10 kGs, "¢ Spring 1960. After about ten months the Study =~ .
Bending radius . . . . . .. . 5m '. . Group presented a prehmmary_proposal_[l )
Mean ring radius . .. . . .. 16.2m . which was approved by the National Institute -
g:g?:;no&a%eenr?ﬁ;bers L g 0‘_23 4 .- of Nuclear Physics. The conclusion of the pro- . .
Closed orbit amplitudes, max =" . 1.89 em . posal was that, on the basis of the ;Ofese??b}e R
for Ap/p = 1% min . . . 0,9 cm . positron current from a lmag and of the little . =,
Momentum compaction . . . ' 6.2x10°% ... knowledge of the beam-beam interaction effects,
DamP:"i%,egtigg constants, 800 ms - -+ it was more convenient to start with the con-',
at inj N T - . . . .
for betatron osciilations .~ ..., struction of a ring of intermediate energy, say .

at max energy . ... ' “ilms o . 750 MeV, before building the second one . .
Weight: jron . . . ... . . poood22t . o at 1.5 GeV. R

- copper . . ... .. o A deeper study of the positron acceleration
Useful aperture: n'éfgt::g e & em - . and a computation of the beam-beam interac-

o . tion effects, convinced us that it was more
injector system .. convenient to build the 1.5 GeV ring without
T p " Sband linae - Passing through the intermediate stage. Toge-
I tion eaerar. e & o 1 O eV S . ther with these technical arguments, there was . -
njection energy, ¢~ . ... » 375 MeV .0, : . - )

: ST e T Uo . 360 MeV . ., . an economic one: the separated function struc- -
Injector current within . ¢~ ."- - 25 mA- -~ ture, which presented many advantages for

1% energy bin ..., .* .~ 0.1mA . . 3storage ring and was therefore chosen, altered

Injection - repetition rate, -~ 1ati ts of the two rings.
oo o6+ o completely the relative costs oi the iwo rings.
In luelcsfo:?i;ﬁ:eec? n,d o+ e+« . C-loaded delay line ~As a matter of fact the difference in cost bet-
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h ween 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 number of con-
-+ siderations which supported the solution of the_

'~ two rings, lost any value.
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At the end of 1962 it was then decided to

..~ .. build only the 1.5 GeV ring; very littie of the:
e = briefly a few topics, characteristic of the sto- .. -

® rage rings,; which led us to the design that - '
* alem® AWAY — otemy Will be presented in. the following sections. ::.
¥ a) Interaction rate and space charge effects. ...
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'I‘j‘; Fig. 1. Total annihilation cross sections in pertur-

bation theory (from ref.{3]).

. time spent on the design of the 750 MeV ring
-*-.'[2] has 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 star-

ted. The ring is scheduled to be completed b
the end of 1965 or beginning of 1966: we thin
that it will take six months to get the storage

_ ring operating smoo.thlly,',which means that'
Cgs0 e b

3C. - :

.KK ) \\ |
N

mer 1966. , ,
We shall not say anything here about the

tion of the different parts, let us consider

* “The'interaction rate per beam crossing region,.
~ n for an event whose cross seclion is o (in,

,» -em?), is given by:

\ ) ‘ ' ) . o . o . '
D - ‘ " . ‘n=ofk s 0.0.dS = Lo (events/sec), (1) _°

* where -f is the revolution frequenéy of the-,. ‘

particles in the ring, & the RF harmonic num- "‘ ;'
--ter, g, and @_ the transverse densities of the - '

" *{wo beams; the quantity L, measured in

«ems™ or em*-h™), includes all the ring

parameters and is called luminosity.

The design goal for L is 10% em™2.h,
.. 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.

(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 densitz tends first -

" toincrease the vertical dimensions ol the beams,
- then to prevent the beams to cross, differentia-

“ing their mean orbits [5]. These space charge * -
- effects have been computed [6] for different -
values of the natural transverse density (i. e. the ~

. transverse density of one beam without space -
- charge effects), assumed equal in the two beams,

~and of the vertical betatron phase shift p bet- -
~ween two adjacent crossing regions. As a result .
~'we -obtained a set of universal curves, with.. -
parameter p, which give the relative lumino- - *+
sity, Lrei, versus a quantity proportional - .
. to the natural transverse density, DE (Fig. 2); <
* for «relative luminosity» we mean the ratio .-’
' between the actual computed luminosity 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 n), the transverse density
that can be achieved, while keeping Lrai>1,
‘is higher than when p is large. This becomes -

,_“ RS

the ex.periments_‘should begin during the sum- " *

use of such a machine; for this we refer mainly -
* to the theoretical work done by Cabibbo and ]
. Gatto [3, 4]. Before going through a descrip- : *
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Fig. 2. Relative luminosity,

then a condition in the design of the focusing
" properties of the ring. With appropriate scale
factors, that depend on the focusing properties
and the energy, we can calculate the luminosity
that can be achieved in a given storage ring

for a given operating point (i. e. a certain value '

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 /y;m and the correspon-

ding luminosity Lym, for the case when the,
there -

beams have the natural dimensions;
is also- the luminosity that can be obtained
with the design value of the circulating current,

100 mA, and the factor p =.100 mA//jm .

by which in this case the beam dimensions

- must be increased to keep at the limit-value’
the transverse density. This can be achieved:

either increasing the vertical dimensions, by
coupling  vertical and radial betatron oscilla-

tions, or making the beams to cross at an angle,

by means of suitable electric fields distributed
along the ring. . ‘ : N

The natural dimensions of the beams are

calculated according to ref. {7] and assuming

-a coupling of 1% between vertical and radial ~.~

betatron oscillations, due to alignment errors;

~ the vertical oscillation amplitudes are then .

1% of theradial betatron oscillation amplitudes.
The data in Fig. 3 refer to p,= 180°-- 5°,-
which  corresponds
DE =5 % 1075, A quantity which is impor-

tant to know for the physicists who will use. ;. -~
the machine for experiments, besides the expec- ... "
ted interaction rate, is the energy probability :
distribution in an annihilation process. The ~ .. "=

rms value of the energy spread << AE?> '

“around 2E,,  where E, is the energy of the
isynclhrornous particle in one beam, is forourring: .,

L AREMY o .
i ;;———-"’f;:,_"g 3% 10 Egey. - (2)
SRR T ' - 951

.

to v,=3.08, and to L
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Eq. 2 shows one of the remarkable features
of this type of experimentation: the exceptio-
nally good energy resolution.

b) Type of focusing structure. As we saw’

L " before, the focusing structure should be such -
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Fig. 3. Luminosity for the 1.5 GeV ring.

to give, for the vertical betatron oscillations, .
a wave number as close as possible fo an integer

or an integer plus one haif.. 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 o use
a'separated function structure, with low gradient
bending magnets and quadrupoles, in which

" the befatron wave numbers can be changed,

_during operation, varying the currents in the
- quadrupoles. ,
Another advantage of the separated function

" structure, as compared to a conventional AG, .

" is given by the fact that the three modes of
oscillations (synchrotron,. radial and vertical

952

-betatron) can be damped; when the field index o

n of the bending magnets is 0.5, the three dam-

. ping coefficients do not depend on the focusing - ]

properties of the structure (7, 8]. As far as

the focusing order is concerned, we find that ™ "
" in the straight sections, where both the injec- : - -
tion and-the beam crossings take place, the -,
betatron amplitude functions, and Prad, Pvert
- should have respectively a maximum and -
.~ a minimum. The maximum for Pr.q4 is required .} .
- for the injection, as the inflector must be as far
. as possible from the equilibrium orbit, while
ra small value for fyert 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 alighment
- requirements suggest to have the focusing and . . -

defocusing quadrupoles close together; the rela-
tive positions of the two elements of the doublet

.‘are critical, but they can be set with high accu-

racy, while the position of the doublet as com-
pared 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: -

p=nn+te; n integer, egl. (3)

As we want that the crossings take place

in the straight sections, n cannot be zero.
Choosing x/2 as betatron phase shift per magnet
period, and remembering 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: O

: nx
N=2k ,?72--—-4’1’11.

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 there- . =~

fore 1. The choice of the number of crossing

"regions, where experiments and RF cavities
are, must be done with a compromise between
- ring cost and convenience of having a large - =

number of them; we decided to have six cros-
sing 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: -

S N=d %_n; minteger = (D)

W NS




" It turns out that with the beam densities and
" the residual gas pressure which must be achie-

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:bremsstrah-

" lung and scattering on the residual gas, scat- .

tering of the particles in one beam [9].

ved 'in ‘a storage ring, the last process gives

- the most severe limitation on the lifetime, spe-

- 10!

e

. should not be very important (of the order

cially at low energy.
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Fig. 4. Beam lifetime for scattering of the elecirons’

in a bunch.
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“of 10—20%); it can be inferred from the dif-. = 7
ference between this computation and the sim--, ..\

plest .one, made assuming a gaussian distri-
bution for the relative angles. ‘

a few considerations: S
l. As the injection energy in our ring is -

. 360 MeV and it will take | to 1.5 h to store - i .
2 X 10" electrons and positrons, the lifetime = ..,
with 150 kV RF voltage 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 stron-

ger coupling of the vertical and radial betatron - 5

oscillations, or increasing the length of the .

bunch, using an RF cavity at a higher harmonic ",

of ‘the principal ones.

2. The injection and cépture efficiency has
a maximum lora certain valueof the RF voltage, ... - .

much lower than 150 kV, if the average energy
of the injected particles corresponds to the - -
synchronous energy; the capture efficiency

can be still high with 150 kV if the particles .
are injected with an energy different from the = -
synchronous energy (a closed orbit closer .~ .
_to the inflector), but, in this case, as the beta- - "
tron oscillation amplitudes are smaller, the -

number of turns that can be injected decreases,

because the particles come back, where the D

inflector fringing field is high enough to cause .-
their loss, after one or two turns. :

3. The experimentation at low energy does
‘not present particular problems because of the

short lifetime: as 'a matter of fact the height

of the beams can be iricreased by large factors,

with stronger coupling of the oscillations, -~

s we said talking of the beam-beam interac-

For a complete description and calculation
of this process we refer to ref. [9] and {10].
The beam lifetime versus energy for our ring,

for two values 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 angles of the par-.

_ticles 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%
coupling between radial and vertical betatron
oscillations) and the beam current has the design
value of 100. mA, corresponding to about
2 X 10 particles per beam. The error infro-
duced because of the incorrect distribution
of the positions due to synchrotron oscillations

tion, and the lifetime made proportionally
longer; moreover the annihilation cross sections
are larger at low energy, so that the ring could
be used with lower intensities, therefore with
longer lifetimes. ‘ :
The points (1) and (2) 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 con-
venient compromise between lifetime and sto-
rage time, computing the overall injection
efficiency as a function of the RF voltage and’
position of the closed orbit of the injected par- . -
ticles; on the other side we are studying diffe- -
rent systems to increase the beam volume. In the' .

' most pessimistic case we shall have an injec-
tion efficiency corresponding to one turn injec-
tion, 150 kV RF voltage and injection closed

263

From the diagrams in Fig. 4 we can draw“;'”""




 ledge, no experimental data are available; with
. an iris diameter varying between 2.96 ¢m and:
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"' 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 10" positrons. : :

2. INJECTOR AND INJECTION OPTICS

The injector is an S-band linear accelerator,
specially designed for positron acceleration *.

.. It will be built by a firm, Varian Ass. USA,

and it should be installed in Frascati during

..+ thesummer 1965. It is composed of two sections, .
. with quite 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 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 critical energy (about 10 MeV); they
are then accelerated in the high energy section.
To increase its acceptance, the high energy
section is surrounded by a solenoid which gives
an axial field of 2.4 kGs. Assuming for the

"positron yield, the data of ref. [11], at 65 MeV

primary energy we have, for the ‘conversion
efficiency:

n=10"%¢*/e" X ster x MeV.

-+ The acceptance of the high energy section
depends on the sizes of the iris useful region
and of the positron source. As far as the iris
useful region is concerned, at our best know-

2.09 cm, the useful region for acceleration

. should probabliy be 1.6 ¢m to 2 cm in diameter.
t

. The values of the accelerated positron current
have been computed in different conditions
of positron source size and of useful accelera-

-tion region size: the results in Table 1 assume
“that the electron beam current on the converter
be equal to 420 mA, and consider the positrons

;- * The linac construction is a program supported ‘
by CNR (National Research Councii). -
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(6)

_coming out from the converter with energies

between 7.5 and 12.5 MeV. The positron source

is considered to have a gaussian density distri-
: bution, with rms radius equal to ¢, and uni- .-

form distribution in angles and -energy. The -’

. Table1i

'-‘,?«_ Positron current sccelerated by the linac ’
Remm g SR mA
R () B ' 0.45 « 1.9
SN (VRN i - 0,33 1.4
10 1.6 0.22 © 0.92
7.5 0 0.25 1.05. °
7.5 i 0.145 . 2 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 0.1l

R—radius”of the useful acceleration region,
@—rms radius of the positron source,

-i,~—peak positron current acceleraled.

Primary electron beam: 65 MeV—420 mA.,.
Axial magnetic field: 2.4 kGs.
Magnetic field in the matching lens: 17.7 kGs,

- two values for p, 1 and 1.6 mm, correspond

to the combination of a gaussian distribution'

for the incoming electron beam, with rms radius. .
-equal to 0.6 mm, with the lateral spread due

to multiple scattering of 10 MeV electrons
in a target */; and */y radiation length thick,
respectively. ‘ :
"In our design, we assume that the peak posi- -
tron current accelerated within 1% energy

Table 2
Linear accelerator data '
Electrons  Positrons
Energy, unloaded, MeV ., , - 440 360 . -
Energy, for peak total cur- o
rent 100 mA, MeV ., . . . 376 ‘ .
Maximum total peak cur- ‘ -
rend, mA L L L L L, © 100 ~0.5
Peak currenl within 1% C
energy bin, mA , , . ., . . 25 ~0,1
Pulse duration: max, ps . . - 3.2 A
min ps , . <0,04 -
Pulse repetition rate: -
for 3.2 us pulse dura- .- ‘
- tion, pulse per second . . 250
for <0,1 pus puise du- : .
ration, pulse per second 700 -
Beam duty cycle, max~, . . 8X10—¢ -
Hiéh current section: ' . .
nergy, unloaded, MeV 105
Energy, for peak total ‘
current 420 mA, MeV 65 !
- Maximum total peak cur-
Corent, mA o . " 420



- bin will be 100 pA." It is provided the possi- -
- bility of modulating the beam current, at the
- linac cathode, with the ring RF f{requency,

30% of the period on and 70% of the period

" off. This should allow a substantial increase

 _ of the capture efficiency in the ring and, as
. & consequence, should increase by some factor,

LINAC
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at the end of the linac to deflect the high energy .\, "~
"-beam to another experimental hall. A third =7 =~
bending magnet, at the end of the linac, deflects .. o+
the accelerated beam towards the ring. The ... '~
beam transport system from' the linac to the '

~ring, composed of magnets and

must satisfy. three requirements: . o

Fig. 5. Injection optics diagram.

of the orﬁer of 1.5 to 2, the charge stored per -

injection pulse. The linac will be used not only
for injection in the ring, but also for experi-

ments with the electron and positron beams. -

For this reason the repetition rate is much
higher than that required for the injection; as

. a matter of fact its value is the maximum alle-

wed by the klystrons. In Table 2 are summari-
zed the principal data concerning the linac.

At the end of the high current section a deflec-
ting magnet will allow to bring out the low

" energy, high current beam to an experimental:

. hall; another bending magnet will be provided

-

s s

1) the beams have to arrive tangent to ihe
two injection straight sections; - :
2) the transport system must be achromatic, -
i. e. it must not introduce at the output corre-
lations between energy of the particles and

their angle or position;
3) the beam transverse emittance at the output

of the transport system must have a certain . . -

definite shape, matched with the ring accep-

- tance. :

. The design of the beam transport system has
not yet been completed; up to. now we found

" a few /sqlutions-(one is_shown in Fig. 5) which -

4
s S

quadrupoles, B
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take into account only first order effects. The
possible- solutions will be compared taking
into account higher order effects.
The criteria followed in the design are:
1) each deflection is made achromatic sepa-

rately, by dividing in two parts the magnet .

-and inserting in the middle a quadrupole; the
two channels, for electrons and positrons, are
. therefore equal;

2) a solution satisfying the required condi-
tions, except for the length between the two
main deflections, is looked for;

. 3) the condition on the length is then satis-
* fied inserting a quadrupole system which gives
unit transier matrix over its. length. '

3. PULSED INFLECTOR

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

output end of the inflector; there must be a |
region, whose cross section is ~ I em X 1 cm, .
where the deflecting field is constant within

.a 1% bin while the gap height is 2 ¢cm; the cur-
_rent pulse must be ~1.5—2 ps long, flat within

1% bin and with a decay time short compared
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 m and the magnetic
field required is ~950 Gs, which corresponds
to 9.500 A; the characteristic impedance is -

. 99 Q, with VSWR < 1.1 up to 30 MHz;
- the measured filling time is 45 ns. This values

and the field plots, measured applying sinu-
soidal voltage al frequencies ranging from 0.1
to 10 MHz, agree very well with the calculated
values and with the measurements in the
electrolytic tank. In Fig. 7 a field plot is

P

Fig. 6. Pulsed inflector model.

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 fl'O!‘!l‘ the position of the beam at the
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shown; it has been obtained with a differential
.coil system followed by an integrator. The

region where B/B, is within 1% bin is a little
smaller than initially required, namely 8 mm,
and the fringing field has a more or less expo-
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L ‘nential behaviour versus distance, falling to

% of the central field at 4.6 cm from the
inflector axis. '
- We are now preparing the construction of
a prototype at full power. 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 repetition
rate of about 5 pulse per second.

4. MAGNET

-The ring magnet structure has been chosen o

according to the above mentioned criteria;

" Fig. 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. Fig. 10 shows '

the amplitude functions, Brea and Pyer, for -7 -
- radial and vertical betatron oscillations, and 7"
the closed orbit function, v, that is the local ' .. .
displacements, as compared to the synchronous . -

. 4
B/Bmax 5 v
A :
e o N . 2 i ‘ .
04 \& .y '
& T
51 \
L TN\
_J." . 1 3 ‘
. ) '
0.01 -
1 .
5 ! ,\L_
.Y
%
2
o0 ' N . VERTICAL qus\ —
-0.5 o 0.6 1 1.6 2 25 2.7

Fig. 7. Relative deﬂecting field in the pulsed inflector.

The technological problems associated with
this type of puilsed inflector are certainly dif-

. ficult to solve. They could have been easier

if we required a smaller deflection angle, but
we prefer to avoid the injection trough the
fringing field of magnets or quadrupoles. .
A solution with a ferrite loading (12, 131 has -
been considered, but, while it has advantages,
from the electrical standpoint (lower -voltage
and current), it is much more difficult for the
vacuum and the balance is in favour, at least
. for the time being, of the adopted solution.

17 Toyam xondepemun

orbit, of the closed orbit of a particle whose

energy differs by 1% from the synchronous = -

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

G -
K = B—Q— (m ’), '
- K=1lm™ for G=500 Gs/cm,
. . " ' .E,'= 1.5 GeV,
where G is ‘the quadrupole. field gradient.

e _

@)
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Fig. 8. Ring. layout,

‘The ring radial useful aperture is chosen
according to the injection 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 injected beam) and
a given field in the inflector, we get a certain
minimum distance between the inflector axis
and the equilibrium orbit, which, in our case,
turns out to be 6—7 cm. N

A further allowance for the synchrotron
oscillations, and for closed orbit shifts due

to alignment errors, brings the required radial =

half aperture to our value of 11 cm. This large
- aperture is used only at the injection; when.
the beam is stored 6—7 'em would be enough
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(taking into account the RF stability region
and the single scattering in the residual gas).

" The vertical half aperture is | cm in the straight
- section, where Pyert is minimum, and it is

defined by the inflector height; this corresponds
to about 2 cm in the middle of the bending-.

magnet, where Byert is maximum. Allowing
room for heat insulation around the donut,
and for a pair 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 beco-
mes 5 cm. The magnet and the quadrupoles.
will be built in laminated iron, 1.5 mm thick;
this has been decided to allow a field deriva-
tive with time of the order of 10 kGs/s.

e
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G quite usual (Fig.
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‘The mechanical structure of thz magnets
12); the quadrupoles
- (Fig. 13) have two unconveantional features:
they are not symimetric 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

. THs) ‘
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ey 120
. N ﬁ'

| \ ¥
’“N'E) ~ \‘ ,// ‘ R
— ™
AT
/ . : 0.5"'

By \/

N o
vetﬂ..
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Q¢ 0/2
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Fig. 10. Betatron @amplitude and closed orbit
functions. :

. plane close to the experimental regions, where
- showers due to lost electrons could be develo-

. ped, contributing to the background of the
experiments. Tenders have been asked for the
construction of the bending magnets and quad-
rupoles; the construction should start before
-the end of the current year.

In Table 3 are summarized the alignment
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 rms value of the closed orbit maxi-
mum displacement equal to 5 mm radially and
3 mm vertically. In the same table are also
indicated the field gradient fluctuations, in the
quadrupoles and bending magnets, which give
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an rms stdpband width of 0.1, arid the rms rota- '
tions around three axis of the different ele-
ments which give a coupling effect (that is

a ftransfer of betatron amplitude) between,l.,“'»,.‘

radial and vertical oscillations equal to 10-3,

when the difference between radial and vertical - "

betatron wave numbers is 0.05.
o -

T4
.3
2l ;9!’..5_0\‘",1%0“5'
"bb o A,Q.O
B F— % Yyronz
Ve
" i P55
b .
0.9 i é
T P /
00 A e
LT
L0.7 V# >
0.6/ / V '
0.6 ]— /
040405 o8 07 08 08 10 i

12 13 V4 (ni)Kgp

! Fig, 1l Betatr&m oscillations ware numbers.

Tests of alignment procedure are under
way; the first results [15] show that accura-
cies much higher than the ones indicated in

- Table 3 can be achieved in the alignment,;
~ the limit will then be set by the accuracy of the

definition of the ideal orbit in each element,
which will be obtained with magnetic measu-
rements. Models of the bending magnets, in
scale 1:2, and of the quadrupoles, in scale
1:1, have been built and tested (Fig. 14);
the results are shown in Figs. 15 and 16.
While the magnet profile can be considered
the final one, the quadrupole needs still some

* change, as the gradient versus radial displace-

ment is not constant enough.

The power supply will be composed of three
independent rotating dc generators: one for
the bending magnets, one for the focusing qua-
drupoles and one for the defocusing quadrupo-
les. The requirements for the current stability
are stringent for the bending magnet generator,
if we want to exploit the high energy resolu- -
tion in colliding beam experiment. A current
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Fig. 12, Bending magnet cross section.

stability of the order of 5 X 10-* is required,
with the possibility of recording the current
(or the magnetic field) with a sensitivity in the
_range of 10-%. ‘

5. THE VACUUM SYSTEM -

The vacuum system must keep inside the
donut a pressure less than 10°® Torr. The
system is composed of 24 getter pumps, with

a pumping speed of 400 /s each; 12 turbo-

molecular pumps, with a pumping speed of
140 1/s each, are provided for the outgassing
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 donut between two quadru-

-poles; this solution has beer 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 copper

gaskets; the dimensions relative to 1/12 of the
ring are: length 8.42 m, volume 175 I, inner
surface 4,43 m32. ’ _
The donut parts will be subjected to the
following treatments, after their construction:
a) cleaning with organic solvents {carbon
tetrachloride),
b) electropolishing of the welds,
c) electrolytic - degreasing, in.hot alkaline

_ baths,

-d) passivation with hydrochloric. acid, -
e) cleaning in distilled water, , . Co
‘f) cleaning with alcohol or acetope. = - -
The parts will then be assembled:in the labo- °
ratory {0 jorm,;a ..sector (1/12 .0f the ring);
- : 261
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Fig. 13. Quadrupole cross section,

after a cold test for leaks, a sector will be heated

" up to 350—400° C for two days, pumped by

a molecular pump and then let under 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

- mounfed.
" - A successive heating of the whole ‘donut,.
+-within the magnet, up to 150°C for 3 to 6 h
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 will be
maunted to accourit for the pressure difference
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'of the two parts: 10-7 Torr in the linac and

less than 10-" Torr in the ring; it will be com-

‘posed of three 75 /s getter pumps. This system

has already been tested in laboratory.

In Fig. 17 a prototype of half a sector, that
is 1/24 of the whole ring, is shown during pre-
liminary tests. It has been treated according
to the above mentioned procedure; after the
first outgassing at 350°C, it has been filled
with hydrogen and then let down to air. A suc-
cessive heating up to 150° C under vacuum for
3 h, allowed to reach a pressure equal to 10-°

~Torr in 6 h. A reentry of argon, up to a pres-
‘sure of 10~ -Torr, during 15", to regenerate
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, B Table 3
Allgnment and construction accuracy required ‘
1) Closed orbit displacements ‘
; Radial Vertical
- Rms value ol the max closed orbit displacement assumed. . .., ., , , . ~ b mm L 3 mm
Quadrupole rms relative displacement v « v v s v 4 4 v 0 b 4 b b v 0.09 mm 0.08 mm
Quadrupole doublets rms displacement . o v v v o0 s v b o 0 v b o .. 0.6 mm .~ 0,6 mm
Bending magnets rms displacement . . v v v 4 ¢ v 0 b e e b b 000 e 2.5 mm .. 1.3 mm
Bendmg magnets length rms dispersion « « o« v oo v v 6 0 i 00w e s O4mm . -
o 2) lnstabi.lity‘s.topb‘and. ‘ o .
:".'Stopband rms total width . . . . . o0 o0 v o o h v .,,.,‘o . o' oo (ﬁ"')l/’< B
o Quadrupole gradient rms dispersion . . .. ., e ¢eih e s /( AK) / S .0.65%
Bending magnet » rms dispersion . ... . . . 4 o . -.,'_.‘ oo Ee e (A"> / [ - 27%
3) Betatron oscillalions coupling
Assumed value for the coupling; with | Vp—vp|=0. 05 I RCRUNT RN SRS | A '

Rotati g Quadrupole  Bending Magnels’
otation aroun , : :

‘an azimuthal axis (D8 . . ., ..., 0L L ... . .. L 2 x 103 rad .'l.2><10"i rad -
a radial axis ((p’)" I T T L 61073 » 1.7%10°3 »
" " a vertical axis (p%)'/s R T S Y 6x 1073 » "hxX 1073 »
' a=iin
.60
1.00
© [=63A, By= 2.37kGs
® 1=280A; By=10.24kGs
0.60
.
0.0 — - 27 .
o (1 ] ‘ i6 ’ 20

?ig. 16, Field index'measured on the mégnet model.
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the getter pumps, made the pressure to go down
in one day, to an average value of 2.5 X 10~
Torr (~1.5 X 10~ at the pump and ~3 X
X 10-' Torr at the opposite end).

- (G (v.2)dz
A

y=0
I G (o,3)dx
. 1.10

=2cm [

§ Qe

b.90 —
y=4 cim

110

/‘Vo—"h—o_.ﬁ

* [

0.00 L

4 ] -]
Fig. 16. Gradient integrated over the length measured

on the quadrupole model,7 — 40A, G (0, 0)—94 Gs/cm.
\ .

6. RF SVSTEM

The RF system must supply to the circula-
ting beams a peak total voltage per turn equal
to 180 kV (or 250 kV) by means of two (or three)
resonant cavities, at a frequency of 8.9 MHz.

" The system as the diagram in Fig. 18 shows,

. is being designed for three cavities: The design
* must take care of two characteristic require-
ments of a storage ring; high reliability of

operation and high beam loading. Accordingly -

the whole system is designed with large safety
factors and ‘the shunt dynamic impedance of

the resonant cavities is quite low, of the order -

of 250 kQ. , v

The oufput from the pilot oscillator goes
to the three power amplifiers, via three phase
" shifters remotely controlled; each power ampli-
fier is composed of four amplification stages,

all of them in class Bl (with negligible grid.

~ 0 xi{cm) J
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current), in such a way that the amplitude modu--
lation can be done at every power level. The
amplifier bandwidth, defined as the region
where the amplitude response is constant -
within £10-2 is 1 MHz. - ' :

The RF power that can be delivered to the
load is equal to 50 kW per amplifier; the last
stage is directly coupled to the resonant cavity."

- The resonant cavity is a two-folded: cavity

in air; corresponding to the two gaps the stain-
less steel donut will be interrupted with two
alumina insulators, which must withstand

45 kV each and, at the sametime, must keep ~

the ' ultrahigh vacuum. A full scale model

of the resonant cavity (Fig. 19) has been built’ *

and tested at low voifage (about 1/4 of the final

“voltage); a prototype of the power amplifier
is almost completed (Figs. 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 Figs. 22 and 23. As the
experiments are made on the ring itself, no expe-
rimental hall is needed; at the interaction
regions a cilindrical volume, 2 m in radius -
and 2,5 m 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 provided on the other side

of the linac tunnei; 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 Labora-
tory site, began at the end of May, 1963; the
present status can be seen in Fig. 24. The exca-
vations 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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RUCKYCCHUS DISCUSSION

" C. A ‘Xei'upeu

Ha KAaKyi0 BeJNHYHHY MOMXHO CMeCTHTb YacToThi

. GeTaTPOHHHX KoleGaHud B oOnNHCaHHON yCTaHoBKe?

F.Am man

In our ring it will be possible to change the beta-
tron frequency by more than one unit; in practice,
during operation, it will be needed a change of the
order of 0.2.

C.A Xefidgey

IMpesycMoTpeRa JH  KOMNCHCAUHA 3aDHCHMOCTH
v{E)? Ecsu Aa, To Kak BBOAMTCA KBAAPaTHYHAA Hean-
HeliHoCTb?

vF.Amman v :

"We .do not think that such corrections are neces-

'sary,

A..A.Haymon..

Kakopa MOIUHOCTB, K3AYy4aeMasw AYUKOM 3NeKTPO-
KOB, B HAKOMHTLIBHOM Kodbue? . :

c.
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- Fig, 23, Artist’s view of the linac and storage ring buildings.
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F.Amman ‘ '

The energy lost per turn is 90 kéV_, and the power

7 which goes into light and soft y-rays is about

H. Y. Mouewnnkon

Cornacio NAHHLIM, NPEACTABJCHHHM BaMH, Bedils

‘UHHA SJACKTPOHHOTO TOKA COCTABHT oKodo 25 xa,
.- 4 noJnTponHoro — 0,1 — 0,2 ma. Kaxum o6pasom go-
) l . . . . .o

]
. i
Y .

18 Tpyaw xoubepenuun . -

JvBCTPE‘leIE" NMYYKH H HAKOMUTEJIbHBIE CHCTEMBI

‘CTHTaeTCA TaKol BHICOKHA Ko3(dHuHeHT npeoGpasona-

HUA 3]EKTPOHOB B IMOIHTPOHBI?

F. Amman
The linac is composed of two parts: the first

"~ one can deliver on a tungsten target 420 mA of elec- .~

trons at an. energy of 65 MeV, The second one can
accelerate .a max, current of 100 mA, For this reason

the ratio between the positron and electron currents
- available at the end of the linac

to the conversion elficiency, - Dot

3

Is not connected -
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