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Abstract.

The present status of the electron-posi-
tron storage ring Adone is reported, together with the
foreseen improvements. Some recent measurements a
re also reported. -

Status.

The second generation experimental setups
were installed on the ring during a five-month shut-~
down. Among other, a 4 Kgauss, 2 MW, | meter inner
radius transverse field magnetic detector (MEA)! has
been installed and is now running.

Major improvements were also carried
out on the machine: a feedback on the 1ongitudina1vrelai
tive oscillations, and a distributed pumping system. ir—x
the :magnets on both sides of three experimental sec-
tionsi, have been installed; the control system has been-
further improved.

Tests on the magnetic. field distribution.of
MEA, performed before the.installation of the magnet
on the ring were repeated with the first circulating
beam with satisfactory results as far as a single beam
is.concerned; The detector magnetic field is compensa
ted'by means.of two compensating magnets mounted on
the same. straight section; integrated field compensation
is such-that. a residual closed.orbit of the order of'l mm
in the vertical plane is easily reproduced at Qu =Ry =
# 3.05, E = .5 GeV and with the detector. running at
its maximum. field (4 KGauss). The corresponding com
pensation error is of the order of 1.5 Gauss x meter
over the 2. 5. m length. of the section, versus a speci-
fied figure of 2. 5.-Gauss.x meter. The guadrupole com
ponent integral is also within specifications: the 4Q/Q.
is of the order of .6%°/00 per KA/GeV,

The’sextupolar component integral changes
the machine patural:cromaticity by approximately 10%
versus. a specification of-20% (maximum);

The detector is at present running for ex-
periments, although for reasons.not yet fully unders-
tood, at low machine energies.the maximum luminosi-
ty can not be attained when the detector is running at
high current,

The feedback system to cure longitudinal:
relative oscillations of the three bunches2' has been
brought into. operation. The.system makes use of two
RF cavities running at 8th-harmonic of the revolution
frequency {22.8 MHz), not a multiple of the RF frequen
cy (8.568 MHz). The system prevents destructuve o-
scillations from occurring and makes storage of cur-
rents, as high as 60.mA/beam much easier.

A complete bakeout: of the vacuum cham-

ber has not yet been carried out and the average pres-
sure without beams is ~5 -10-10 torr,

Beam lifetime is nevertheless quite good
because of the installation of distributed pumping in
six out of twelve magnets ( ~8 + 10 hours depending
on energy).

Distributed pumping has also appreciably
improved the pressure in the experimental sections: da
ta taken at B = 1.2 GeV, with a total current of 78 mA
are given in the following table:

Exp. Section

pressure with pressure without

distir. pump. distr. pumping

5 .33 ntorr 1.2 ntorr
9 1.9 " 4.1 "
11 2 " 5 6 "

A complete bakeout of the chamber, plus
the: installation of the rest of the distributed pumping
systerm, should further improve both local and avera-
ge pressures by at least a factor of 2 or 3.

Experiments on.beam size control.

Some preliminary tests on the possib%h’ties
afforded by the method proposed by M. Bassetti”, who
suggested that natural beam transverse dimensions can
be controlled by modifying the ring magnetic struecture,
were recently carried out.

As-discussed in detail in Ref. 3, transverse
beam dimensions can be modified by acting on the ave-
rage value in the dipoles (H) of the well known function?

1

H(s)= B‘X(S):

[PP@naem' @] 8 @ween?] o

The:original: magpetic- strueture of Adone was modified
by introducing: a:third harmonic resonant perturbation,

The actual way. to do it is to lower the:
strength of three pairs of radial focussing: quadrupo-
les located at.the ends of three equally spaced, non-
-interaction: straight sections, The (s) function is
thus distorted, causing: H- to grow,

The measurements were done by shunting

away a:fixed.amount (3%) of the quadrupole excitation
currents,

The -B(s).and ¥is) functions, for the modi-
fied, structure.( ¥(s).and ¥*(s)) are shown in fig, 1, 2
and compared with:the - same . functions for the imper -
turbed. machine,
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Fig. 1 - B functions with (ﬂ*, B’ZE) and without (B, 8,)
shunted quadrupole perturba’%ion.
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Fig. 2 - Off-energy function with (9*) and without ()
shunted quadrupole perturbation,

The maximum currents that could be sto-
red in a stable two-beam configuration, without beam
"flipping™ or short lifetimes were measured, in the e-
nergy range from .5 to .6 GeV. Luminosity measure-
ments were also carried out.

Luminosity values obtained with the Bhabha
scattering luminoineter were corrected to account for
the bunch lengthening effect which, at a given energy,
is larger than for the original structure, mainly due
to the increase of the stored currents.

Preliminary results seem to be in rougha
greement with expectations. In the .5 to . 6 energy ran
ge,currents higher by a factor of ~ 2 were stored and
brought into head-on collision: the maximum obtained
luminosities were higher by a factor of 1.5 than the
corresponding unperturbed machine values, in rough
agreement with what expected under the hypothesis
that the maximum attainable value of §, .(the beam-
-beam interaction parameter) is the same as for the
unperturbed machine. :

' Further experimenting is needed, to obtain
more accurate data and to actually check whether the
behaviour of the structure has been fully understood.

An interesting aspect of the perturbed ma=
chine-is that, due to the large distortion of function
yf'is), -radiation losses in the quadrupoles are larger,
and the RF frequency range beyond which antidamping
of the sychrotron or the betatron modes occurs should
therefore be narrower by large factors. This would
open the possibility of changing the damping partition
nurnbers;: ahd therefore beam dimensions (see refere_p_
ces 5 and 8), by working at.a slightly different frequen
cy.

Strong beam - weak beam interaction measurements.

The behaviour of a positron beam colliding
‘with an-electron beam of much lower intensity has been
studied in same detail.

We first measured the maximum attainable
strong beam current {defined as the value I, at which
the weak beam shape begins to change) as a function
of energy. We then measured luminosity at several e-
nergies, with strong beam currents lower than but
near to Iy,.

Measurements were carried out with three
bunches in the strong beam and one bunch in the weak
beam. This because more accurate beam shape mea-
surements can be carried out with our present detec-
tion apparatus on a single-bunch beam.

It should also be recalled that, with our
machine parameters, higher current densities are ob-
tained with one bunch per beam 8, so that one could
argue that, for a given weak beam current per bunch,
the strong beam is less perturbed by a single-bunch
weak beam.

All measurements were carried out with

the machine tuned at %, = ¥, = 3,05.

A definition of how weak the weak beam

should be, in order not to affect the strong beam, is
needed,

Recalling from our strong beam/strong
beam work that I/E4.5 is a good parameter to charac-
terize beam-beam interaction-induced shape modifica-
tions (see discussion in ref. (8)), we assume that a re
levant parameter could in our case be -

- a s.i[]' /2
R =- (2)
4.5
E
I and i being the strong and the weak beam currents re
spectively. -

Under this tentative assumption we then cho
ose to define the weak beam intensity to be negligible B
when (I being only slightly lower than I1,) Ris £ 25
mA/GeV4.5, a figure that can be deduced from the da-

ta of Fig. 5 of Ref, (8) by somewhat arbitrary argu-
ments.

Experimental values of Iy, versus E, for
R <25 mA/GeV4.5 are shown in fig. 3.
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Fig. 3 - Maximum current in the strong beam Iy, ver-
sus energy.

Measurements were carried out over a pe
riod of approximately one month and were found to be
reproducible to within the experimental uncertainties.

A power-law best fit through the data
shows that
.. 4.34
IL = IOE (3)

witha 22/N value of 1.3 (N = 18).

Luminosity measurements performed at
different R values and at several energies were used
to calculate the rat1o of the effective interaction cross
section to o Sb defined as

Tai
S (4)
LE

sM -k

being the r.m.s,. energy spread in the beam and
K gemg equal; for our fune values, to 2.5 1030 GeVz/
/mA2 . . We also define S as the natural single
beam radiation cross section on the coupling resonan-

ce divided by o2 8

Fig. 4 shows a plot of sﬂ"/sg{ versus R.

The data are not incompatible with the as«
sumption that the interaction effective measured cross
section in the vicinity of the weak beam space-charge
limit is proportional to E2, and that the strong beam
cross section is equal to S° - 02, at least for R £ 25
mA/Gev4.5, Given the large experimental errors on
most points a more refined analysis of the data would
not be meaningful. Further measurements should ho-
wever be carried out on this important point, with
greater accuracy.
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Fig. 4 - Behaviour of sf;’f/sg as a function of R.

A possible explanation for the slightly lo-
wer value one gets fitting a horizontal straight line
through the data (. 88) is that, due to beam-beam inte-
raction, the actual weak beam tune is far off coupling
(see Ref. 9).

If the strong beam has its natural on-cou-
pling resonance dimensions, we Know how to calculate
the value of the interaction parameter §y (as seen by
the weak beam) corresponding to Ij,as a function of
energy (with our parameters. and for natural on-cou-
pling beam dimensions, §,¥ 1.07 §,). The result is
shown in fig. 3.

The data presented here are incompatible
with the Iye< E? law we deduced for strong beam/weak
beam interaction in Ref: 8 and that one would expect
from a simple thin lens model for the interaction, A
fit through the present data with an E3 dependence has
a Z2/N value of 14.5, and is therefore highly impro-
bable.

A best fit with I e 4.5 which is our strong
beam/strong beam energy dependence, givesa £ 2N
value of 1.5 and is therefore still compatible with the
data.

It should be said however that previous mea
surements were carried out with three bunches per
beam and over a very narrow energy range (.5+.6 GeV);
control system improvementis have since allowed the
energy range to be extended, and more accurate current
measurements to be performed. We also can not exclu
de that the exact definition of I} has an important role.

It should also be borne in mind that the fact
that the actual weak beam tune is far off-coupling, so
that the weak beam density is by no means well known,
is an unaccounted-for part of the picture that may be
important.

Future improvements,

In the attempt to eliminate the problems ari
sing from the several modes of longitudinal oscillation
which take place with the present RF system, the instal
lation on Adone of a new 200 KV single-gap cavity, o-
perating at 51.4 MHz is planned. The RF driver sy-
stem will be delivered in September and the cavity is
expected to be delivered at the end of this year.
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Accompanying changes will have to be ma-
de on the Linac beam choppering system which will ha
ve to provide 10 ns long pulses at a repetition frequen
cy ranging from ~3 MHz (1 bunch) to~1%7 MHz (6 bun-
ches) {up to six bunches are required to be stored in A
done when used as a booster for the SuperAdone pro-
ject ring?).

To compensate for the decrease in the injec
tion rate due to the reduced RF time acceptance, a fac
tor of two in the peak Linac current has to be provided,
together with an increase in the positron injection ener
gy from .31 to .36 GeV'allowingitheinjection repetition
rate to be increased by a factor of approximately 1.5.

This also involves a substantial improve-
ment in the control instrumentation of the beam trans-
fer lines from the Linac to the ring.
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