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g 1l.- The diameter of the beam of particles which is accele-
rated in a synchrotron is a function, smong other vsrig

bles, of the energy of these psrticles. In fact the theory in-

dicates that:

.. The amplitude of the betatron oscillations vearies as HJ%

" (H is the flux density)(l)° |

-~ The amplitude of the synchrotron oscillstions is damped in
time at a rate proportional to E”% o totél energy)(l)c

-~ The betatron oscillations which are due to the atomic colli-
sions with the residual ges sre important only at low ener-
glez,

~ The effect of eddy currenis, imnomogeneities ete., is mainly
immortant at low energies.

Crz the other side, th2 relvetion in diermeter of the
beam es its energy increasses is aa observed exzpverimentsl fact.
Por inetance in Brookhaven the hear has a final diameter of
only 17 €2’3). Thnie dismetesr dees net chsnge cporeciably du-
ring the spirsileation of the bean towarid the target(z), not=-

withstending the beem makes 4,C0C turns during that time.



g 2.~ On the basis of these considerations we suggest a syn-

chrotron with two different gesps {(or chambers) and tvo

different acceleration stages.

The cross section of such & manhine is illustreted in

fig.l. The operation goes as follows:

a)

b)

The pesrticles are injected through a deflector into the
chamber A and accelersted up o & moderate energy: for in-
stance particles electrons, iﬁjected at 2-3 VeV, are zcce~
lerated in A up to 60 WeV; with s radius of the synchrotron
of 3.3 meters the flux density in A readhes about 60C gsuss,
The dimensions c¢f our drswings refer to such sn example.

A3 soon as the perticles réacded this energy (for instance,
jast 60 MeV) the beam shell siide from chember A to chamber
B: such a elidirg will be posiible if the flux density H

in the median plan will followv the law:

. o
B = B, (g 0¢mn<l

in both chambers A and B et the same timé. The sliding may
be obtailned for instance by iarterrupting the Redio Frequency
in the resonant cavity as the flux density increases ( we
suppnse that the chamber A is on the outside) or by control-
ling the frequency snd emnrliti1de modulstion -of the Radio Fre
quency. Cn the basis of whaet ‘7e reporited in 2 1 the sliding
should not spoil the beam. As soon as the beam reaches the
chamber B, 2 new rescnant cav.ty or the seme one with a dif-

ferent frequency will keep th: beam in B, snd the particles
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will be sccelerated up to the meximum flux density (for instance,
following our examvle, 10,000 gauss, corresponding to 1,000 MeV).
During this time the increasse cf the field in A may be stopped

or slowed down without danger for the beem, since we do not need

the chamber A any more.

Z 3.~ in a conventionel synchrotron the dimensions of the gap

{or et least its vertical dimension) remsin the same du-
ring all the acceéelerstion process although we need large dimen=
sions during the first pert of the accelerstion only (8 1). With
our proposoi we hope to reduce ths lsrge amounts of Iron and ex-
citeation ensrgy reaquired tc vbtaia the maximum flux density in e
gap of the dimensions of chamber & (fig.l); in faét high flux den
sity will'be resched in c¢hamber B only, end this chember may be
much smaliler. ‘

_ In taeble I we compare one weak focusing synchrotron, which
has & gap of~the;dimensions of chember A with the two-chamber syn
chrotron we propose here; sas we see, the saving in materisl end
cost msy be of a factor three or more. This faetor does not de-~
pend critically on the velue we choose for the ratio between the
dimensions of the chsomber A and the redius ci the synchrotron.

In fig.2 we sketched the cross sections of = conventional
synchrotron (fig. 28) end of that which we propose here, giving
in fig.2b) snd 2¢) two of the possible alternstives. Since the
sections are in the same scaie end for the same supposed radius,

the possibvle sdvanteges in cost sad dimensions are quite evident.




We cannot exclude that the hypotetical machine we are
considenring here could compete with the strong focusing synchro

tron in the 10 BeV region.

g 4.~ Among the fundamental questions to be solved we recall
the following:

a2) The shape of the megnetic field. The magnetic field khas to
| be almost vebticel and uniforr (0O n¢1l) in both chembers
A and B. This is possible in theory,}and mey be solved in
prectice by putting the right ampere-turns difference bet-
ween the equipotentisl surfaces (megnetic poles) defining
the chambers A end B. A possitle scheme of the excitation

mey be for instance the following, if the dimensions of our

example in fig.l ere used:

Jurrent-turns in the coil R 9 £(t)
£(t) is a conve-

-6 £(%) nient function
Surrent-turns in the coil T = =3 £(t) ©0f time.

ft

Surrent-turns in the coil S

As the beam entered in B the coils L end M will bring the
flux density in B to the meximum value (for instence 10,000
geuss)., Of course this is e scheratic division, and the sa-
me coils may be used for differert purposes in different ti-
mes. -

To have a first confirmetion on the possibility of rea-
ching at the same time the almost uniform msgnetic field we
need in the chambers A and B, we made & map of the field with
a conjugste model similar to the electrolitic tank method.

This method has been devaloped by Dr. F.Ammen snd will be di-

scusced elsewhere(4). Th: resulte of this preliminary approach
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were even better thar we could hope; in fact when we used pa-
rallel poles for A and B (n = 0) the flux density resulted

to be uniform in both chambers A and B, ineluding the transi-
tion region, in the limits of a few percent. The lines of
flux are indicated ir fig.1l.

b) Vacuum chamber. The Goughnut »ill result od an unusual end
difficult shape. The possibility of using stainless steel
could solve the problem. The =ffect of the eddy currents is
reduced as the flux density iacresses, and could be alrea-
dy small when the beam enfers the chember B ; therefore the
doughnut could consist of stainless steel at least in B.

¢) Radio Prequency acceleration. The klystron-type cavities in
the straight sections may probsbly be cut in a way which al-
lows the passage of the'doughnut. ‘

g 5= Applicetion ¢f similasr coicepts to & synchrotron wor-
king with slternete gradiant magnets (strong focusing)

is under consideration.



TABLE I

Comperison between a conventional weak focusing synchrotron
(column I) which has a gep of the dimensions of our chamber
A (fig.1, 2), end the synchrotron we suggest here {column II}.
The numbers in column I and II refer to the example of an e-

lectron synchrotron that we give in the text

I 11
Maxipum energy (1eV) 1,0CC 1,000
Averege radius (cm) 330 330
Weight of Iron (Kg) 110 ~1.6x20%
Weight of copper (Kg) 1-2¢10% &~ 5x10°

Total energy stored

in the gap (Joules) ~ 2. 4%10° ~ 53:104



BIBLIOGRAFIA

1) J.H.Premiin and J.S.Gooden: Red. on Progr. in Phys., XIII,
p-295 (1950)

2) M.Hildred Blewett: R.S.I., 24, p.725 (1953)

3) 2.%.Swertz, R.S.I., 24, p.8351 {1953)

4) This method mainly consits in irswing the equipotentials in
a field of currents traversing = thin eluminum foil whose

boundaries are the boundaries of the chambers A, B.



Fig. lo-

Pig.

2.~

Aposs section [orthogonal to the besm) of the sgynchro-
tron with two separate chambers. The lines in chambers
4 snd B indicate the fi2ld we obtained (g 4) with en
electric model.

Yomparison (in the seme scale) between the dimensions
of & conventional synchrotron (fig.2a) with a gap of
the dimensions of our chember A, end the synchroiron
with two chambers (fig.Zb). In fig.2c snother solu-

tion for the shape »f tha itwo-chaember synchrotron is

indicasad.
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