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Abstract

The status and performance of the CEA

colliding beam system are described. Single
beams up to 50 mA peak and 12 mA average
have been successfully switched into the

low-beta bypass and stored at energies up to
2.5 GeV. Lifetimes at low currents were up
to 5000 s. Stable operating conditions have
been found for values of beta as low as 7 cm
(horizontal) and 22 cm (vertical). Prelim-
inary luminosity measurements at lower cur-
rents and energies of 2 and 2.5 GeV are
described.

Introduction

The parameters of the CEA bypass and
the principle of operation have been de-
scribed in the Proceedings of the VIith inter-
national Conference on High Energy Acceler-
ators.Vr ¥ A Status report was given at
the VIlth International Conference at Yere-
van.” At the time of the Yerevan Conference
first observations of multicycle injection
of electrons were reported. Also at that
time the bypass to the CEA synchrotron had
been assembled and first trials of bypass
operation with electrons had been made, re-
sulting in lifetimes of electrons going
through the bypass of 25 seconds.

At the beginning of 1970, the positron
injector was put into operation and studies
of positron accumulation in a multicycle in-
jection mode began. Up to the middle of
1970, tests of the colliding beam system
were scheduled during one-third of the ac-
celerator time, two-thirds of the time being
used for 6-GeV electron and photon physics.
In mid 1970, budget restrictions forced us
to suspend conventional accelerator opera-
tion and to concentrate on the development
of the colliding beam facility.

During the second half of 1970, much
time was spent studying single beam insta-
bilities in the CEA, beam-beam interactions,
and performance of the bypass. First reli-
able luminosity measurements at beam ener-
gies of 2+2 GeV were done in the first half
of 1971. Present status and performance are
discussed in the following sections.

Positron and Electron Accumulation

It is intended to accumulate a peak
circulating positron current of 100 mA in a
multicycle injection mode.® With a circum-
ferential ring fill factor of 30% this cor-
responds to an average of 30 mA. So far the
largest positron current accumulated has
been 25 mA peak, 7.5 mA avg. The best posi-
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tron injection rate observed so far has been
0.4 mA/s (peak current), but more commonly
it is only about 0.1 mA/s. This injection

rate is considerably below our original ex-
pectations of 6 mA/s. The main reason for
this low rate is the existence of non-linear

resonances in the multicycle filling opera-
tion which limit the possible particle am-
plitudes. |In order to maintain a suffi-
ciently long lifetime in the presence of
these resonances it was necessary to reduce
the horizontal beam size by reducing the
peak energy to which the newly-injected par-
ticles are accelerated. At present we cycle
the synchrotron energy up to 2 GeV (compared
with 3 GeV as originally planned). This un-
fortunately provides much less damping of
particle oscillations after injection, and
together with the limited available beam
aperture of about 4 cm by 2 cm, causes the
relatively small injection rate. The small
injection rate is partly compensated by a
much longer lifetime in this cycling mode
(300 s or better) than originally expected
(16 s). Betatron beam instability problems
during this cycling operation have been
overcome by a system of sextupole Iensesﬂ
and we expect larger positron currents as
the synchrotron vacuum is further improved.

While positrons are injected at the
relatively low energy of 120 MeV, electrons
are injected at 240 MeV, with fill rates
larger than 50 mA/s, and problems of non-
linear resonances are small as compared to
those during positron injection. Electron
peak currents up to 150 mA and average cur-
rents up to 20 mA have been accumulated.

At present these currents seem to be limited
by beam cavity interaction and beam insta-
bilities in the synchrotron oscillation mode.

Beam-Beam Interaction

During electron multicycle injection
and thereafter, physical separation with
electrostatic fields of the electron beam
from the already stored positron beam is
necessary in order to avoid short lifetimes
of the weaker of the two beams due to the
incoherent space charge interaction. With-
out such separation, the lifetime of already
stored positrons in the electron multicycle
injection mode gets very short as soon as
the peak electron current exceeds 3.5 mA.
This beam-beam interaction effect without
electrostatic separation has been measured
for different average currents of electrons,
i.e. different circumferential fill factors.
It seems to be only dependent on the peak
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current over a wide range of average cur-
rents.” In a change of our original design
we decided to have electron and positron
currents cross each other at the interaction
point of the bypass. (Originally we planned
to have head-on collisions between both
beams made possible by electrostatic plates
right at the interaction point.) This
change makes it necessary to have both beams
cross each other in the bypassed part of the
synchrotron before beams are switched into
the bypass. For an electrostatic plate con-
figuration, which provided for one beam=
beam crossing, it was found that the inco-
herent space charge limitation during multi-
cycle injection of electrons was only 7 mA,
unacceptably low. For this reason it was
decided to keep both beams entirely sepa-
rated during the filling process, using an
electrostatic plate configuration which pro-
vided no crossing but which is switched to

a configuration with one crossing after both
beams have been accumulated and stored at
constant energies of 2 GeV. This switching
is done within 0.1 s and without beam loss.
Incoherent space charge limits at the con-
stant energy of 2 GeV seem to be much higher
than those in the multicycle injection mode.

With both beams entirely separated dur-
ing multicycle injection, beam-beam inter-
action still can be observed. One beam acts
like a quadrupole lens on the other beam,
decreasing its vertical and increasing its
horizontal betatron frequencies. This ef-
fect which depends only on the average cur-
rents in the beams, can drive the weaker
beam into a resonance. So far we were able
to maintain an average electron current of
8 mA (25% of our design current) before we
adversely affect the lifetime of the posi-
tron beam.

Besides the linear Av shift produced
by one beam on the other, which in principle
can be corrected with a combination of elec-
trostatic and magnetic quadrupole lenses,
we also observe beam~beam interaction lead-
ing to short lifetimes of the weaker beam,
which depend on the peak circulating cur-
rent in the stronger beam. We found that
during e~ injection, lifetimes of the al-
ready stored positron currents suddenly drop
to values of about 10 - 20 s whenever the
peak electron currents reach 70 - 80 mA. We
presently assume that this effect is due to
non-linearity in focusing produced by one
beam on the other.

Space charge interaction between elec-
tron and positron beams in the dc storage
mode are much smaller than in the multicycle
injection mode and have not yet been in-
vestigated quantitatively. It is apparent
though that the main effect is a diffuse
increase in beam size of the weaker of the
two beams when both beams are not vertically
separated. Only in the case of very large
beam size increase is there any effect on
the lifetime. The beam size increase can
be observed even with very small currents

(Fig. 1). No clear threshold current has
been measured so far. With electrostatic
separation of both beams, but with one
crossing at the low-beta interaction point,
no effects have been observed (with peak
currents up to 20 mA) which could be clearly
identified as space charge interaction.

(a) (b)
Fig. 1. The horizontal axis represents the
vertical beam height of 2-GeV positron and

electron beams as measured at the interac-
tion point. Beam currents were approximately
3.5 mA peak, | mA avg. (a) With electro-
statically separated beams and one crossing
at the interaction point. (b) Without
electrostatic separation.

Bypass Operation

Switching of beams into the bypass with
no switching loss and good beam lifetimes
thereafter was only achieved after a con-
siderable amount of work on first=turn
steering procedures through the bypass (to
optimize physical apertures), measurements
and optimization of betatron phase space and
momentum matching, and extensive studies
leading to some understanding of the non-
linear resonance limitations in the bypass
operation.® With beams of 2 GeV, switching
of beams into the bypass can be done with no
or small switching losses, and beam life-
times are comparable to the lifetimes in the
synchrotron before beams are switched into
the bypass. At higher energy avoiding
switching losses becomes more difficult.

Longest measured beam lifetimes while
going through the bypass have been 5000 s
(compared with 7000 s in the synchrotron
only). Beam lifetimes are strongly current-
dependent (varying up to a factor of 3) due
to the outgassing effect of synchrotron
radiation. Since the synchrotron ring is
still frequently let up to air to allow in-
stallation of different devices, and since
the vacuum improvement program is still not
completed (bake-out facilities for all
vacuum chambers, straight section tanks,rf
accelerating cavities), no systematic study
of synchrotron radiation outgassing has been
made yet. The vacuum and lifetimes of beams
are expected to further improve significantly.
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One important parameter of the bypass
is the value of the beta function at the in-
teraction point since it is one of the para-
meters determining the obtainable luminosity.
Various '"'tunes' of the bypass have been tried
out and stable operating conditions with good
lifetimes have been obtained with 2-GeV beams
with horizontal beta values as small as 7 cm
and vertical beta values of 22 cm. As de-
scribed in Ref. 9, beam energy and smallness
of the amplitude function are subject to
limitations from non-linear resonances.
Largest single beam currents (2 GeV) stably
stored in the bypass have been 50 mA peak,
12 mA average; two-beam operation in the
bypass has been accomplished with the
stronger of the two beams up to 18 mA peak.

First Luminosity Measurements

Luminosity has been measured using
single photon bremsstrahlung. The schematic
set-up is shown in Fig. 2.
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Schematic diagram of central
of bypass and luminosity monitor system. The
zero-degree monitors at east and west include

a collimator C, a vetoing scintillation counter
Sc, and a shower counter Sh.

Fig. 2.

The small height of the bunches at the
interaction point (less than .01 cm) and the
shortness of the bunches (of the order of
5 cm) present some special problems in ad-
justing the electrostatic plate separation
system for beam-beam collisions at the in-
teraction point. Figure 3 shows a sche-

matic diagram of the crossing beam geometry

|

1 mrad

-~
NG
//// e
- \\
1 cm
~
~ ~

0.
Interaction
-~ =
o point

L 100 cm
I 1

Fig. 3. Schematlc diagram of the beam geometry
at the interaction point. Note that the vertical
scale is 1000 times the horizontal scate.

dimensions magnified by a fac-
For optimum luminosity, elec~-

with vertical
tor of 1000.

tron and positron bunches have to arrive at
the interaction point - defined as the cen-
ter of the bypass and the point of smallest
value of the amplitude function - simulta-
neously. Also the vertically separated
orbits have to be adjusted so as to provide
maximum overlap between bunches of both
beams.

By measuring the time of passage of
electron and positron bunches through beam
monitors close to the interaction point, it
was verified that electrons and positrons
meet within *1 cm of the interaction point.
An electrostatic beam bump further permits
the motion of the vertical beam position of
both beams with respect to each other at the
interaction point. This allows variation
from a zero luminosity condition to a con-
dition with maximum luminosity with only
small adjustments in the vertical beam posi-
tions (0.02 cm). The proper vertical beam-
bump adjustment is checked by moving a 7-
micron-thick carbon fiber rapidly through
the beams at the interaction point and ob-
serving the bremsstrahlung events produced
by both beams as a function of time. Figure
4 shows these bremsstrahlung events as a
function of time for (a) a zero luminosity
condition, and (b) the condition for maximum
Tuminosity. The carbon fiber measurement

Fig. 4. Measurement of vertical positions
of et and e~ beams at center of the bypass.
Vertical position of beam is indicated by

position of pulse. along the horizontal axis.
Upper and lower traces represent et and e~
beams respectively. Top view: before ad-
justing vertical positions. Bottom view:
after adjusting the electrostatic separa-
tion plates.

in the analysis of the
properties and performance of the low-beta
bypass. Spills from the carbon fiber indi-
cate beam height and position and allow for
optimizing both. Tilting the fiber allows
for horizontal beam size measurements. The

has been essential
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fiber measurements cause only very small
beam loss (of the order of 2% per traversal)
and have become indispensable.

Figure 5 shows a luminosity measurement
done with beams, each with an energy of 2
GeV. After subtraction of the gas background
which was about 6 times as large as the maxi-
mum luminosity counts, the number of brems-
strahlung events is shown as a function of
the vertical electrostatic beam bump. The
maximum number of counts _corresponds to a

luminosity of 1 x 107 ¢cm™2% s and is in
.
500 INo. of counts
hOOL §
300}
200}
100}
~N
0 N ~ P
+ L —t
5 -4 -3 -2 -1 0 +1 +2 +3 +h 45
Total Relative Displacement in 10~ 3cm
Fig. 5. Background-correctea count as a function of

vertical displacement of et beam relative to e~ beam.
Counting period: 10s. Zero value of displacement is
the absolute value determined independently with the
aid of a transverse fiber flicked through the beams.

agreement with the currents and measured

beam sizes at the interaction point (in this
case .05 cm wide and .0075 cm high). Beam
currents in this measurement were only 2 mA
and 10 mA peak for et and e~ respectively;

the overlapping portion of both beams along
the circumference was only 100 ns (i.e. only
48 electron bunches collided with 48 posi-
tron bunches). Measurements were carried

out with a tune for which values of beta func-

tion were 20 cm horizontal and 30 cm vertical.
Background in this measurement 1s mostly
due to bremsstrahlung produced in the resid-

ual gas of the bypass straight section. Al-
though the base pressure without beams is iIn
the 10~ Torr range in this part of the by-
pass, outgassing due to synchrotron radia-
tion from circulating beams increases gas
pressure to values In the 10°% Torr range.

Present Status and Future Plans

We are presently working on increasing
the luminosity to a useful value of ~ 1028
cm~2 sec”™! and in shaking down a rather com-
plicated system. The first colliding beam
experiment will be done with BOLD (bypass on-
line detector), a nonmagnetic detector which
uses wire spark chambers and shower counters
as the principal elements. Two quadrants out
of the total of four have already been moun-
ted at the interaction region (Fig. 6), and
measurements of the background counts in
various trigger counters and cosmic ray re-
jection counters have commenced. The two
remaining quadrants are ready for installa-
tion. A magnetic detector (MAGNOLIA), using
a longitudinal magnetic field together with

wire spark chambers, proportional counters
and scintillation counters for momentum de-
termination and better particle identifica-
tion, is presently under construction and
will replace the BOLD detector at some future
time.

The presently available radiofrequency
power in the accelerator makes beam storage
possible up to energies of 3.5 GeV and beams
with this energy have indeed already been
stored in the synchrotron. To achieve sat-
isfactory operation, two of the original 3"
quadrupoles in the center of the bypass had
to be replaced by 4'" quadrupoles of better
quality. As a result storage is presently
limited to beams of less than 2.8 GeV. A
rebuilding of this center section with
stronger and better quadrupoles is planned.

Fig. 6.
of the four BOLD quadrants mounted

interaction range with two
in place.

Bypass
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DISCUSSION

F. AMMAN : Which is the ratio between the two-beam
vertical separation and the beam width in the high-
beta region ?

G.A. VOSS : Separation of beams at the place of
max. By is about 3 mm; the horizontal size at 2 GeV
is about 2.5 mm at that point.

H. BRUCK : What wave-number shift Av have you at
maximum luminosity ¢?

G.A. VOSS : The shift, Av = 0.05 (theoretical

design number).

K.H. REICH : Up to what fraction of the bore radius
did you obtain the field accuracy of 10”2 and by
what means °?

G.A. VOSS : 12 and 20 pole content have been re—
duced to about lO"6 of the quadrupocle field over

the beam aperture (25 % of the quadrupole bore) with
the help of poleface windings.





