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Tougchek B.: A STUDY OF THE MECHANISM OF INJECTION INTO A
STORAGE RING.

In the following I want o study the mechanisnm
of injection for a machine of the type of the Frascati sto
rage ring {AdA). This machine is distinguished Ifrom similar
designs by the fact that no pulsed magnetic fields are em=
ployed the only agent contributing to the capiure of the
particles being the damping of the betatron oscillations
cauged by the replacement of the radiation losses by means
of the radio frequency.

The proposed gxperimental arrangenent is the fol
lowings
Phe & -ray beam of the synchrotron (or for that matter of g
ny obther apparatus capable of preducing a strong ¥ —beam) is
converted into pairs on a target placed indde the amccelera-—
t3 on chamber of the storage ring. The combination of the ma-
gnetic field and the radiofrequency picks elecirons of the
right energy and phase out of the continuous spectrum of the
pariicles produced. The recapture of part of the ‘taccepted
electrons! by the target is avoided by the damnping of beta-
tron cscillations.

Tt is assumed +that the original 5/~ray beam has

5 maximum energy K and that its speciral digdtribution can be



approximatod by a thin target distribution,; so that one can

assume that there are dk/k (for 0 < k < X} quanta with ener
gy in dk. [ is the sield of 'equivalent quanta'! of the machi
ne = for the Frascati synchrotron about 101O seos—T. Assuning
that the converter btarget is thin it is then seen that the

incident beam will produce
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electrons of energy L in dE in one second and per em? of tar

get area., Q is the cross section of the incident heam and t

(in radiation lengths) the thickress of the converber targetb.
The numbex ﬁ of electrons which are accepted in

the storage ring in one second can then be written
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Here AF — the effective width of the synchrotron oscilla—
tions — is defined by 2 w B = J, where J is the maximum of
the phase integral of the synchrotron oscillationsg evaluated
in the E, ‘%’ - plane ( = phase angle of the synchrotron o
scillationg). For ﬁﬂ)% 0 (whichk is always approxzimately true

in a storage ring) one has

48 = (y'_z?"?ﬁét\{

where B is the energy of the storage ring V the RF voltage,.
- +ho harmonic index of %he RT and O the momentum compaction
factor. For the Frascati ring AR = 0.72 MeV. The quaniity

P in, (2) represents the probability that an electron with the
right energy can actually be ctored in the ring. In the fol-
lowing section P will be determined for a completely linear

nachine.



Determination of D

A newborn electron leaving the target 1s charac-
teriscd by the following 6 parameters:

{1} %he radial coordinate at which Tthe electron leaves
the target. It is denoted by = > & and a is the distance of
the cdge of %he target from the eguilibrium orbit.

(IT) the ordinate = b < y < b at which the electron lea-

ves the targety the height of the target is assumed to be

(III) 0 < 0 < @, the polar angle of emission of the eleg
tron, The polar axis being parallel to the %angent of the g
gquilibrium orbit in the target plane.

(1V) *the agimuth of emisegion 0 < %Zczﬁ, %’: 0 correspon
ding %o emission in the equatorial plane.

(V) 0 < » < T the radial amplitude of the synchrotron

ogcillationg and

(vi} o <‘f< o2y the phascangle of the synchrotron oscil-

lations. For H’= 0 gynchrotron oscillations carry the eleg
tron away from tlhe target.

The probability of survival of an electron is gi~
ven as & fFfunction of ithese 6 parameters w = W(x,ygéglf,r,QJ),

For the probability P defined in the preceding gection we

can then write
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Here we nave assumed that the clectrons are distributed with
cqual probability inside a cone of so0lid angle @E,n,ee being
dstermined as & function of the multiple Bcattering of the
electrons in the target. The synchrotron oscillations have
heen idealized by a linear approximation. Since w is a rapi
dly dcocreasing function of X - a {only the electrons horn

near the ecdge of the target have & chan®e of survival) the
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upper limit of the xz integration can be replaced by e o L%

LY Ja

is further assumecd that tho barget covers the entire height

n

of %he mcccloration chamber. Heglecting ond eifecta we can
then masume that w will only depend on the radial amplitude
of the electroneg. This amplitude ig given by
: 2°
(4) s = (,3(64. _U__.,(_) ) 4_ _,r// (/'6“;“;‘”)
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It is obvious that only amplitudes which diffoer little from
a will contribute to the survival probability., We therefore

put s~a = a £ and treat & as an infinitesimal quantity.

<

T4 is then easily gcen that the probability that the clectron

nite uhe target after one revolutlon 1s given by ﬂ(i,)=
Ve 1/2

T
the synchrotron csgelllations, which will move the beam perio

=

. This guantity, however, has %o Dbe averaged over
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dically relative to the position of the targed. Wow it dis
wortlh noting that the amplitude of the syanchrotron ogelilla=
tions will be of the order of some millimeters, whereas the
vseful width of the edge of the target will be (owing to the
minute spiralization) of the order of 1073 mn, If b is not
too close o meroc +the synchrotron osecillations will therefo—
w6 lead to the loss of the particle — making its orbit dip
for millimeters into tho target. On the other hand synchro-
tron oscillations with Y20 will periodically romove the g
loctron from the target. This is favourable cifoct and will
he rosgponsible for the major contribution to the survival

roebability. LE r/a is big compared with & = but of course

i3

54111 small compared to one = we get for the P~D“ablll iy of

i

rehitting the btarznt, averaged over the gynchrotron period
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Tow owing to the damping of the betatron oucillations th

A < . e, N
amplitude & considercd as & function of Tthe number / of



revolutions can be writhean as
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wherae (5 ig the logarithmic decre

lation viz
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and Vg is the average radiation loss per revolution. (In the

Frascati ring ocne has J = 10“6}. An electron started
with an smplitude & will therefore be out of danger after
an average of &/4 rovolutions. The probability of escape

ig thon given by
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The integral (3) can now be easily cvaluated on the basie of
the following ginmplifications and substitutions, Instead of

9 and %  we introducs the coordinate A= el gna

- f . 1} L .
A= Dsm ¥ o Since only small angles e, will contribute we
can bthen replace approximately
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Since A docs not axplicitely appoar in w, we get from (3)

and (8):
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Thig integral we can now cvaluate by introducing the Tollo-

wing dimcensionless parametors
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Phis integral can be svaluated in cloged

value n/2, so that finally one gets
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Tor the Frascati ring this glves (a=2cns, b=1.5cms, R=67cms,
Q=100cm?, 8=1/50)

P=1.8 x 10_6

Application to AdA.

At present AdA is situated at a digtance of abousb
12 metres from the Synchrotron. The ftotal vield of the injeg
tion process can be determined from (2) and one finds that
about 5 electrons per second can be injected into AdA Wi th

the present arrangement. Assuming that it would indeecd D

D
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posgibhle to reach a vacuum of 10~1Omm woe should then exXD!

ch
to mcoumulate about 4.8 million electrons in a run of 250 hrs
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ime of the beam corresponding to 10710 mm). This
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factor 100 below what is wanted to malke fThe machi
ne & swcoess,., Thc hopes of improvemeni are:

(1) Putting AdA ncarer to the synchrotron: this may give
g Tactor 5.

{2) Improving the intensity of the synchroitrong another
factor 4, say-.

(3) ¥on lincar effects. These seem particularly promising
in conncection with the rdle played by the synchroiron oscil-
lations, Putting the target to the 1imit of the stable region
might cnhance the breathing effect of thesc oscillations inm-
creasing the diffcorence between the caplturc probabllity and
its average. Admitting our ignorance this might well be worth
a Tactor 10,

{4) Improvement of the target. I have cctimated this pre
viously as being worth a factor 50. But I do not think that
(3) and (4) are independent of one another, It migh then on-~
17 be reasonable to sxpect that (3) and (4) together give a
factor 100,

On the debit side we have %o note that it is gul=
4 unrcalistic to exvect the Frascatl synchrotron to work for
10 days without a pause, 2 days might be more rcalistic. This
gives the factor:

(1~=) Stability of machinery (not only the synohrotron bub
more likely somothing may go wrong with Adh nersclf). A fac=
for 1/10.

(2~) part of tho time (or of the intensity) has to be u-
scd Ho make positronss factor 1/2.

A1l those factors together give one an improvemont
of 100 on the previous estimate, which would make the machi~
no precisely ‘'successful' in the sense of the definition that

successful machine should yield 1 pulse per sccond for the

jai

reaction et + e = 2 X’o
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There is, howover, onc cutstandingly positive result coming
from all these calculationss 1L the atatistical theory is
rigat AdA 1is bound to work with a linear accelerator as &

gource of 5/~ rayve .



