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Abstract

The status of the machine is described and an
analysis of the behaviour with two circulating beams
is discussed,

Status of the machine

The maximum luminosity measured at ADO-
NE, after corrections for background, has been

Loy = 11x10%% cm=2pp-1

ma: at 1,2 GeV,

Luminosity measurements at higher energies
(after the installation of the second RF cavity) have
not yet been performed, due to trouble with the va-
cuum system,

Typical values of integrated luminosity per
week and per experimental section, inthe energy
range 1-1,2 GeV are

= 34 -2
Li/crossing = 6x10°" cm™¢;

the maximum luminosity at energies lower than 1
GeV falls off with a y7 law, as will be discussed
later on,

In the spring of this year the second double-
gap RF cavity has been installed so that the total
RF voltage available is now 160 KV and the maxi-
mum attainable energy is 1,5 GeV /beam,

Operation- of the machine with four cavities
has shown no appreciable modification of the single
beambehaviour fromthe point of view of transverse
instabilities; the threshold currents are the same
as before and no particular trouble has been found
in keeping the beam stable with the usual transverse
feedback system (with an upper limit of ~ 60 mA
for the et beam),

The situation has proved rather different with
respect to the longitudinal oscillations of the bun-
ches: the oscillations occur at lower currents and
throbbing modes are more frequently observed,

The efficiency of the feedback system on the
zero'th ordér mode of the oscillations was not affec -
ted by the change, but the setting of the frequency
of the RF pilot oscillater is more critical (a typical
value of the good frequency range is 0,3 KHz, the
RF frequency being 8,568 MHz; the frequency that

" prevents longitudinal oscillations changes with tem-
perature within a range of about 2 KHz), A positron

current of 80 mA in three bunches has been stored
without any longitudinal oscillation, at low energy,

It has been checked that the operationwith two
beams requires a separation of the synchrotron fre-
quencies of all the bunches present in the machine,
to prevent occasional, but destructive, longitudinal
oscillations,

RF feedback

The feedback system on the longitudinal in-
stabilities presently operating on the ring, is effec-
tive in damping the zero'th order modeof oscillation
(center of mass motion),

The feedback loop includes the main R, F,
amplifier chains. As shown in fig. 1, a signal from
the master oscillator is compared in a phase detec-
tor with that induced by the bunches in a pick-up
electrode ; the output modulates the phase of the RF
voltage in the two double cavities,
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Fig, 1 - Block diagram of the feedback system
for the longitudinal instabilities (center.of mass
motion).

It turns out that the maximum value of the
damping constant the system can provide is of the
order of (3T)‘1, T = 2Q/w being the cavity time
constant (T = 0,2 msec in our case),

The bandwidth of the system, not including the
cavity, is about 20 KHz, while the synchrotron fre-
quencies are in the range of 4-8 KHz, depending on
energy and RF voltage,

A feedback for the relative longitudinal oscilla
tions is being prepared: the system is very compli-
cated and the operation, if at all possible, will re-
quire quite a long adjustment,



Vacuum

The best value of pressure increase with cur
rent for our vacuum system (the total inner surface
of the doughnut is about 150 m2 and the total pump-~
ing speed 7000 1/sec) has been, before the shutdown,

& 0,7-1x10"2 ntorr/mA  at 1 Gev

Ap.
i
starting from a static vacuum of ~0,1-0.2 ntorr,

The residual gas composition, with beams cir
culating in the ring has been the following:

HZ’ H 45%
Hs0 8%
CcO 31%
CO,, C, CH4, OH, 18%,

The value of p. (zz)l/z,evaluated frombrems
gtrahlung measurements, has been of about 102 ntorr
at 1,2GeV with a 12 mA circulating beam, while the
value of the photon desorption efficiency, DE T3x
x10~ 6mol/photon, has been found in good agreement
with ACO and CEA data,

Two beam behaviour

Results

The results of all measurements of luminosity
have been revised correcting a sistematic error on
the values of the currents and correcting the values
of the luminosity for background (function of energy).

The results obtained have been analyzed to
check the functional dependences on energy of the
maximum luminosity L%, maximum specific lu-
minosity L/iw (i, being the current in the weakest
beam) and maximum vertical Q-shift (0Qy)ay Pro-
duced per crossing,

From the results shown in figg, 2 and 3 it can
be seen that the new experimental points differ from
previously presented ones!) by no more than 20 %,
while the functional dependences are unchanged and
namely:

2.5
&

L °<77,

max (L) max™ ¥

(1)
(0Qy) max® 7.

The values of Lyay and (L /i) may 2lso depend
on the operation point of the machine and all quanti-
ties (1) depend on whether the machine is tuned on a
coupling resonance or elsewhere,

Discussion of results

The experimental behaviour of the maximum
values of L, L/i, and 6Q, just described, does not
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Fig, 2 - Maximum luminosity as function of
energy.

agree with the usual hypothesis of the existenceof a
certain maximum value of 0Q, independent of ener-
gy, that cannot be exceded,

This hypothesis, together with the fact that we
are usually working with equal currents would lead,
at the s)pace charge limit, to the following depen-
dences!

4

&y, 3

(2) Lmax (L/iy)max = ¥, iocy”,

These will be sometimes referred to, in what
follows as "optical dependenceg® since they follow
from optics only, It may be useful to stress once
more the point that, in talking of OQ we refer to
the true small amplitude Q-shifts per crossing due
to beam-beam interaction, while, in the literature,
the name 0Q is often applied to the parameter ¢,
which measures the effect of onebeam on a particle
of the other, and which coincides with 6Q only to a
first approximation,
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Fig. 3 - L/iy, 6QV and {, as functions of energy.

The relation between § and 0Q is as follows:

@ -9 fyy oty tglr 5Q))
7ns

where p is the f-tron angle betweentwo crossings,

{ is more directly related to the maximum obtain

able luminosity, while §Q measures the true effect

of the crossing on machine optics,

The first conclusion we dreww from the re-
sults was that the saturation of the Lygy-vs-energy
curve, above <~ 900 MeV, was due only to our ina-
bility to store enough current, No new fact has, in
our opinion, arisen to contradict it,

We will therefore dismiss, for the time being,
this additional complication and think of the results
only in terms of the dependencies given in (1),

The question of whether, at a given energy,
there exists a maximum value of 6Q/crossing or
else a maximum value of the total dQ has been fur-
ther-investigated,

In fig, 4 the results are shown of a series of
measurements performed at 0.9 GeV,under control-
led conditions, and namely sitting on the ( V= vz)
coupling resonance (Onlyvertical dQ's areconside
red, since radial 0Q's are always lower),
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Fig. 4 - 0QY and {V as fucntion of s, at
E =0,9 GeV,

Measurements were taken both with three bun-
ches per beam and with one bunch per beam, and the
maximum luminosity was sought,

It can be seen that:

1) 6Q's obtained with three bunches are quite inde-



pendent of p over the range explored, The values
of {, corresponding to an average 6Q, are shown
in order to stress that it is convenient to work at
low values of pferossing (Le¢{2), The data with
one bunch are not enough to draw the same con-
clusion although it appears likely that the situa-
tion is the same,

2) The values of 6Q for 1 bunch are consistently
higher than those for three bunches. The ratio,
though, is not 3 as one would expect if the total
0Q were the limiting parameter but is interme-
diate between 3 and 1,

A quantitative explanation of this behaviour is,
as of now, lacking, and it can only be saidthat the to-
tal 6Q also appears to be part of the picture,

itis quite clearthatthe dependenceof Qcan
not be explained in terms of optics only. To check
on this point we have taken a few measurements whe
re one of the beams was of negligible intensity, Un-
der such conditions luminosity can not be measured
directly, The maximum attainable density of the
strong beam was defined as that at which the shape
of the weak beam began to change, Measurements
with three bunches were taken at 0.5 and 0, 6 GeV,
The calculated 6Q was ~ 0. 03 at both energies, Alt
hough the accuracyof the absolute value of §Q could
be questioned on the ground that the criterion for de
termining the maximum value was different from
that previously used, we still think that this value
and the fact that the §Q's obtained are the same at
both energies are significant,

The vy dependence of the dQ's is an effect of
two strong beams, while a strong and a weak beam
appear to behave as predicted by the conventional
theory.

Consider once more theresults obtained at the
space charge (s, c,) limit, From (1) it follows:

<« .5 .

(3) a)ijox ;

b) Syip™® EZ
where Sq;, is the beam cross section at the interac
tion point and at the s, ¢, limit,

It can be argued that beam beam (b, b, ) inte-
raction can in principle change beam size and Slim
should therefore be a function, Sy;,,(i,E), of cur-
rent and energy. But since, because of (3b), S, /E
must not depend on E, it follows from (3a) that

(4) Sy (i, B)/EZ = n(i/E* 3

lim
where h is some function of i/E4' 5,

Let uscall Séw the ratio of beam cross section
at the interaction point, measured through L and i,
to energy squared,

Fig, 5 shows a plot of the ratio of Sg/[ to the

natural cross section, Sg, divided by EZ, versus the
new parameter i/E4- 5,
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Fig. 5 - The ratio, SS/I/SS, of measured
beam cross section divided by E2, to the
natural beam cross section divided by Ez,
versus i/E4- .

All points measured belong the same tune (3.07,
3.07) on coupling, but only a few of them correspond
to a maximum value of lumincsity and these are
clustered around the same value of i/E4' 5 (=~ 80
mA/GeV4~ 5) as expected from (3), (4).

It appears that there is a striking deviation of
S, from the natural cross section, and the parame
ter i/E%-® seems to be relevant no matter how far
from the s.c. limit the points are,

It is quite natural to think that the anomalous
cross sections may be due to:b,b, interaction but it
is, a priori, doubtful that a simple linear model, ap
proximating the interaction by a thin lens, could ac
count for all of the effect since optics scales as I/E—3
and not as 1/E4. 5,

It is however usefulto examine the predictions
of a simple calculation, A linear model, in which b,
b. interaction is approximated by a thin lens of in-
tensity as would be givenby a constant density beam,
was constructed, An iterative computation was set
up to calculate beam dimensions when interaction is
present, The iterative procedure is necessary since
the interaction modifiesthe B and ¥ functions andthe
betatron invariant therebychanging the beam density
and the sirength of the equivalent lens, A self con-
sistent solution is found for each given value of cur
rent, energy and tune,

The computation results are shown in fig. 6
where the ratio of calculated beam cross sectionwith
interaction, Sg, to the natural cross section, S°, is
shown as a function of the optical scaling parameter
i/E3 for several tunes on coupling.
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Fig. 6 - The ratio, R, of computed beam cross section at the interaction point, SGr to natural
beam cross section, versus optical scaling parameter i/E°, Beam beam interaction is taken
into account, The computed values of 6QV are also marked on the abscissa.

The computation was performed for tunes on
the coupling resonance, since only then can it be sa
fely assumedthat the coefficient of coupling between
radial and vertical motion is known,

It can be seen that the model predicts a shrin
king of beam cross section. We may notice that the
experimental data of fig, 5 exibit, at low values of
I/E4- 5a shrinking of much the same magnitude,

On the abscissa of fig, 6 we have marked the
values of 0 obtained from the calculation. Given
the thin lens model we argue thatthe computed shrin
king as a function of dQ is pretty much independent
of the absolute values oficross sections.and currents
by which the dQ is obtained.. In particular actual
beams of given measured 0@ would produce the cal
culated effects even if cross sections and currents,
for reasons unknown, do not correspond to the cal-
culated ones,

We then proceed to notice that all our L mea-
surements corresponds to dQ,V's in the range 0,01-
-0, 04 and that, in that range, the computed ratio
Sg' /Sg is almost constant to within a few percent
around R & 0, 6,

This means that the thin lens part of the b. b,
interaction effect should at most contribute a diffe-
rent normalization to the curve of fig, 5 but does
not seem to be.able to account for its shape.

As a last remark a word of warning should be
spoken: Our results deal with maximum values of

luminosity and current in an essentiallyunstable and
not completely understood machine, The functional
dependences we quote aretherefore our best guesses
on the results obtained up to now.

Attention should therefore be given to the raw
data while the scaling laws we propose might be af-
fected by an error that we estimate to be at most of
t 0.5 on the exponents in (1),

Studies for possible improvements

The possibility of modifying the magnetic struc
ture of the ring by changing the excitation currents
of the quadrupoles has been studied in some detail :
B values of 0.2 meters in the vertical plane and 1, 2
meters inthe radial plane at the crossing points can
be obtained and the most convenient operationproce
dure to follow inchangingthe structure of the machi
ne from high-8 configuration(which we deem to use
at injection)tothe low-8 one, keeping the beams far
from destructive resonances, isnow being investiga
ted for a possible operating point,

In the fig, 7 the functions Br(s), ﬁv(s) and P(s)
in the low-B configurationare shown (the periodicity
changes from 12 to 6 whenrealizing thelow~f§ struc
ture); it can be noticed that the § values differ consi
derably from the present ones, which range from 3
to 9 meters, while the ¥ does not change more than
25 %,

During the studies a particular optical struc-
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ture has been found that, although giving B-values
not verylow, could prove useful in diagnostic studies
on the machine, as the b, b. interaction,

The structure is of the following type:
B/2DFODFBFDOFDB/2,

Due to the fact thatthe radial and vertical struc
tures are identical but shifted by half cell (the field
index in B is 0. 5), the betatron wave numbers are
equal inradial and vertical; the machine is therefore
tuned on the coupling whatever the currents in the
quadrupoles are,

For a fixed value of Ve oy different values of
B and By, in the interaction region can be obtained
R v g
while keeping their product constant,
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