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STATUS REPORT ON THE ELECTRON-POSITRON

STORAGE RING ADONE

Adone Group
Laboratori Nazionali di Frascati del CNEN
Frascati, Italy

Summary

Data on the first year of operation and on recent
bunch length and luminosity measurements at the elec-
tron-positron 1.5 GeV/beam storage ring Adone are
presented,

ADONE operation for experiments

ADONE operation for experiments started in De-
cember 1969, The normal mode of operation has been,
up to now, two beam head-on collision with energy
ranging between 0.7 and 1.2 GeV/beam. The energy
limitation is due to available RF power: only one of
the two RF cavities is installed, The second cavity
will be installed in March, extending the energy range
to 1.5 GeV/beam,

Four experimental sections are used, at one time,
by high energy physics experiments. Recently the
injector Linac has started running for nuclear physics
experiments, in between injections, since, on average,
only 2-3 injections in 24 hours are made,

The effective machine time for experiments during
1970, defihed as the time during which experiments
have taken data, has been as follows :
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Two beams effective time 2360 hours
One beam effective time

(background meas, ) 240 hours
Available machine time 5000 hours
Machine studies assigned time 500 hours,

At energies higher than 850 MeV /beam the design
values of luminosity have been attained or exceeded,

Fig. 1 shows the average luminosity per crossing
as a function of energy. Fig. 2 shows the integrated
luminosity per crossing (all energies) as a function of
time, It should be borne in mind that its slope also de-
pends on the average working energy during each period,
It can be seen that the total integrated luminosity/cros-
sing at the end of December 1870 was

t -
.Ot . = 6, 7x1035 cm 2_
i/crossing

Since four crossing are producing luminosity at
the same time the total integrated luminosity produced
by Adone was

LtiOt = 2.7x 1036 cmﬂz

The luminosity averaged over all energies and over

the first year of operation has been: 3x10 2 em-2 h'l,
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Vacuum

About 200 Kcoulomb have been circulated through
the chamber since the last opening, The static vacuum
is around 2x 10'10 torr over most of the machine (the
chamber total surface is ~ 150 m® and the pumping
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speed 7000 1/s). The gas composition, with beam on,

is as follows :

Hg, 1 45 9%
1,0 8 %
Cco 319%

COq, €, CHy, OH, 16 %,

The best value of pressure increase with current
is Ap/i=1x 10711 torr/mA at 1 GeV and its dependen
ce on energy is in agreement with the Bernardini-Mal-
ter(1) assumptions, The value of p <22>1/2 with heam,
as given by bremsstrahlung measurements, is ~ 100
ntorr at 1200 MeV and with a circulating current of
12 mA, The photon desorption efficiency DEW, is found
to he

DE_ ¥ 3x 1075 mol. /photon

in good agreement with ACO and CEA data,

An appendix to the vacuum chamber, in which it
will be possible to carry out tests on desorption effi-
ciency and surface treatments, under actual working
conditions, is being installed,

One beam behaviour

Instabilities : Transverse instabilities of the head-tail
type in the zeroth order mode are present and are con-
trolled by means of fast radial and vertical feedbacks,
An upper limit of ~ §0 mA per beam exists above
which, at energies lower than ~ 800 MeV, the feedback
is not capable of stabilizing spatially separated heams,
Crossing beams are stable up to higher currents dueto
tha additional nonlinearities introduced by beam-beam
interaction. A better performance of the feedback is
desirable, and is being worked on, since these insta-
bilities limit our luminosity, above 900 MeV .

Phase instabilities are also present and have been
cured by separating the synchrotron frequencies of the
three bunches and by introducing a longitudinal feed-
back to stahilize the zeroth order (c.m,) mode. As a
substitute for the frequency separation additional feed-
backs on the other modes are being worked on.

Bunch length : Measurements performed at ACO(2),
Kharkov and Adone have shown that the ratio of mea-
sured to natural bunch length increases with current,
and the lengthening is a function of energy and RT
voltage,

We have recently repeated some measurements of
the effect and the results can be summarized in the
following formula :

I1.05f0.05

L. " -2.,0.3%0,05 ‘mA

= = 1+(2%0.2)x1 ;

‘Lr)fwhm (250.2)x 1077V & 4702 ()
GeV nsS

where L. is the length due to radiation only. The for-
mula is the result of a four parameter best fit of ~ 140

points that are accurate to the order of 10%, and is
similar to that given in the Nov, 1969 Acol2) report

except for the presence of V93 The Kharkov formula

as reported on the same ACO paper, is similar to ours
but the energy dependence has not been measured, Fig,
3 shows our L/L . data and the fit by formula (1),
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Fig. 3. Ratio between experimental and
theoretical bunch length as function of
energy and current per bunch,

The following features of the effect are also in
agreement with the ACO results :

1) The lengthening is a function of current per hunch
and not of total current,

2) It does not appear to depend on transverse density,
On this point we have scant data since only a few
checks were made by enlarging the beam with a
sweeping oscillator,

Most remarkably we found a strong correlation
between length and width of beam. Fig. 4 shows (R/Kr)z
against (L/Lr)z, R, being the width due to radiation
only, and R the measured width,

L1

Fig, 4, Correlation between bunch width
and bunch length,

Our transverse dimension measurements are affec-
ted by systematic errors on calibration and resolution,
whose magnitude we can estimate to be of the order of
30% and that could vary in a quasi-random way from
one series of measurements to the next, We therefore
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chose to plot our points without error bars intending
only to evidence the correlation,

We have considered the possibilities that the ano-
malous width be due to the feedback when et1g are
studied and to the ions for the e~ case but, to decide
on these points, we need more accurate measurements
and these are difficult to perform with our present di-
mension monitor. A new monitor is being built.

Several theories(B' 4) have been proposed to accow
unt for this effect., The correlation between R and L
rules out all theories that propose only a modification
of the potential well, and no theory known to us can
explain both the correlation and the functional depen-
dences,

Luminosity measurements

Having gained a sufficient knowledge of the beha-
viour of the ring we have performed a series of mea-
surements of maximum luminosity, Lyay, maximum
L/iw and maximum JQR , as functions of energy,

i, is the weakest of the two circulating currents, while

S QR and 5QV are the radial and vertical small am-
plitude Q shifts produced by one crossing.

The new results differ somewhat from the preli-
minary cnes previously reported, since measurements
of maximum values are now more reliable and accu-
rate, In fact maximum or near maximum values of L,
L/iw, and &Q can be now routinely obtained,

It can be seen from Figg. 5 and 6 that L., is
7, (L/iw)imax to 75 2 and

(& QR,V)max to ~ vy. The values of Linayx and

proportional to v

(L/iw)max also depend on the Q values of the unper-
turbed machine. It can also be seen that (L/iyw)max
and (& QR,V)max follow their power laws right up to
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Fig. 5. Maximum luminosity as function
of energy,

1200 MeV while L,y starts to saturate above ~ 900
MeV, The values of Lysx below ~ 900 MeV are ob-

tained by tuning the machine on a coupling resonance

(usually (. 05, .05) to (.07, .07)) and it is an experi-
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Fig. 6. L/iw, 5y QR,V per crossing and
Qror 2s functions of energy,

mental fact that, when a maximum value of luminosity
is obtained, even a small displacement from the cou-
pling, say a separation in the Q's of , 005, results in
beam loss or in sudden changes in beam shapes - with
a sharp drop of luminosity,

Discussion of results: In order to discuss these results
we recall that:
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where S is the beam cross section,

We also recall that § Qg y are given by the follow-
ing formulas : ’
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I Av = Q- INT(Q) & /& 2¢%
where : =Q- ; = ; =
! Q) 7= 8,/ )= 1y
p is the number of crossings around the ring, /Ay
are the usual betatron wavelengths and Gx , the
standard radial and vertical beam widths, in our

machine p AQg y;/24v &1 so that the usual appro-
ximation of neglecting it with respect to 1 is not
appropriate,
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It is usually believed that the maximum obtainable
luminesity is limited by the existence of a value of
SQR v (or of k R,V } that can not be exceeded, If the
maximum value of < QR v for a given AV, is inde-
pendent of energy, it can "be seen from (3) that
(I./iy)max must be a linear function of v, follows
from (2b) that L. ‘max Should be proportional to -1,
and from (2a) that, since if one works on a coupling
resonance S is proportional to 7/2, i can be increased
like y3, It follows eventually that L.,y should in-
crease with energy like 74 It also follows from what
sald that, leaving for the moment artificial methods
to increase the beam incohereni ¢ross-section aside,
the maximum value of L. should be obtained on the
coupling resonance since S (and therefore i) reaches
a maximum there,

Our results are not fitted by this simple explana-

tion although they are consistent with the natural as-
. 2
sumption that S increases with =,

From the results on L./i,, and & Q it can be con-
cluded that the saturation of L4 above 900 MeV is
not due to space charge interaction but to the "trivial"
fact that transverse instabilities prevent us from sto-
ring enough current, Higher luminosities would there-
fore be attainable if this problem could be fixed,

It is noteworthy that a 5 Q per crossing of |, 042,
and therefore a total Q shift (6 crossings) of .27 has
been attained,

The question remains as io what is causing the
extra limitation of luminosity towards lower energics,

We may recall that one of us has proposed a possi-
ble Instability mechanism(5), He has found that head-
tall wake fields can give rise to instabilities through
the feedback path provided by ~heam interaction,
A threshold current of the right order of magnitude is
found and, if the ratio between bunch length and field
decay length were of the order of 1, a dependence of
ithreshold on 'y4 5, consistent with our exponents,
might be found,

beam

We are now in a position to rule out the possibility
that this effect be the one that limits our luminosity.
The results on & Q and the fact that being exactly on
resonance is quite critical, can not be explained by a
current threshold depending only weakly on beam shape
and that should be higher for a flat beam than for a
round one, Moreover, if the high power of the i
dependence on vy is to be explained,
theory,

max
according to this

one should also observe an increase in thres-
hold current with increasing bunch length while mea-
surements of Lijax as a function of Ve show quite
clearly a contrary behaviour,

Our evidence rather points to the existence of a
dependence on energy of the maximum allowed & Q.

Tt should be also noticed that S Q's obtained with
one bunch per heam (2 crossing) are slightly higher
than those obtained with three bunches, This seems to
indicate that the total Q shift plays a role in determin-
ing the limit, We are planning to take more data on this
point,

Several attempts were made to investigate the
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effects of beam-beam interaction by means of an elec -
tric quadrupole (E.Q.). The gquadrupole separates the
betatron frequencies of the two beams and should the-
refore reduce beam-beam couplings but it can be shown
that, in order to be effective, the E Q. should produce
a frequency separation of the same order or larger
than the frequency spread due to the crossings,

In practice, though, the I, Q. has not proven use-
ful as a diagnostic tool and no result has been obtained,
In fact, since the crossings, machine,
large Q shifts, the E.Q.
quency separation,
are also produced

at our produce
should produce a large fre-

but in this case large
altering the physical situation al-
together, The conclusion is that a localized focusing
element, thal varies several parameters at once is

unsuitable for investigating an effect as complicated

as beam-beam interaction,

C o
changes in 2

At energies around 600 MeV we have also tried
fo control beam size by means of swept oscillators,
and thus obtain a higher luminosity at the same & Q
(This kind of procedure does not work without E, Q. ,
since coherent oscillations of the two heams are
cited), Trials of this kind have shown,
any doubt, that incoherent beam enlargement is possi-
ble with ¥.Q., but,
to actually increase

ex -
we think beyond

up to now, we have not been able
the luminosity,

Possible improvements
It should be possible to improve our control
stem In such a way as to be able to store
~ 150 A, Luminosity
up to 1200 MeV,

Sy -
two beams of

- should than fellow the v ¢ law

We are also considering the possibilily of lower-
ing the A values at
the currents in one half of
fact by suppiyving sironger currents to the quadrupole
doublets nearer to the crossing regions, the
dimeprsions arce modulated with periodicity 6 rather
than 12, and /4 values one order of magnitude lower
than the present ones can he obtained, Hopefully
higher current densities and therefore a higher lumi-
nosity should be allowed, A few tests of the behaviour
of the ring under "disturbed” conditions were carrvied
out by placing an extra quadrupole in one of the straight
sections, The results were encouraging in the sense
that no unexpected effect arcse,
difications necessary

ke crossing peints by changing

the ring (11';1\1' upales, In

bheam

The power supply mo-
to obtain the low /3's are being

worked on,
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