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Summary

The double storage ring DORIS has been in
operation since the beginning of 1974. Celliding
beam experiments started in November of 1974.
Luminosities of 10500m—2s—1
ly reached during experimental runs. Beam life
times are 8 to 11 hours. At the present time
luminosity is limited by phase instabilities.

Introduction

The DORIS-storage ring for electrons and posi-
trons has been described in various reports. 12
Main feature of DURIS is the complete separation
of the two stored beams in two vertically stacked
storage rings. Only in the two interaction reg-
ions where beams cross at an angle of 24 mrad
and in the adjacent quadrupoles are the two
beams in the same vacuum pipe. {Fig.1)
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This arrangement allows the use of many bun-
ches in each beam-a particular advantage at
lower energies, whrere beam currents are limited
by beam-beam space charge effects. The dcuble
ring featurec alsc allows investigation of
zlectron-electron and positron-positron col-
lisions, and even collisions with protons will
be possible in an experiment presently under
preparation. The radio-frequency system, which
compensates the radiation loss in eact ring,
works on the 480 thi harmonic, at 500 MHz.
During normal oparaticn almost all of the 480 rf
buckets are filled with particle bunches. 1ORIS

at 2 GeV are routine-
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is filled from the synchrotron DESY. Two linear
accelerators at DESY inject electrons and
positrons on & pulse-to-pulse basis such that
both DORIS rings can be filled simultaneously.
A brief summary of the main parameters is given
in Pig.2.

DORIS Parameters
double storage ring with vertical crossing

crossing angle 2 mrad
no. of interaction points 2
circumference 288 m
radivs of curvature in
horizontal bending magnets 7m
rf frequency 500 MHz
harmenic number 480
present operating conditions
working point {%: é%;

i ; Bxmax B m
max. amplitude functions {Bzmnl 60 m
amplitude functions Bx 03m
at interaction point B2 1Im
beam dimensions at 20y 1 mm
inferaction point at 2 GeV 20, 4 mm
il power per ring 750 KW
no. of cavities per ring 12
shunt impedance 36 MQ
mayx. rf voltage 7 My
injection rate at {E‘ 30 mA/sec
25%. efficiency [ 7 mA/sec

Fig.2

First beams were stored in DORTS on Dec.20,1973.
During most of 1974, machine development was
going on with the aim to suppress certain types
of instabilities and to increase the luminosity.
This work was interrupted with the disccvery of
the new resonances. Since Novemter of 1374 DORIS
ran almost exclusively for experiments. The first
physics results were published in Dec.74 and
further results were presented at the AP3 meeting
in Anaheim, Cal. on Jan.?9,1975. Among these were
measurements of the e e , p+L— and pp decay modes
of the 3.1 resonance and searches for reutral
decavsj upper limits on yy,7 vy and x_y, where x
decays into yy have been obhtained.



Present status

LOEIS ras been built for a peax energy of
3.5 GeV. During 1974 this energy was successfully
reached. But most of the work on DCRIS which I
am going to desccribe was done at energies between
1.5 and 2 GeV,.

Multicycle injection from the synchrotron DISY
is done with injection effiencies up to 8.
Typical injection rates are 2 mi, s for positrons
and 30 mi/s for electrons. Filling of the DORIS-
rings is 'dore in a parasitic operation, in which
the main syncnrotron users temporarily receive
a reduced number of pulses, while the filling
Loes on.

she largest accumulated and stored average
currents in IDCRIS were .9 4 for electrons and .5 A
for positrons. The average electron current
reached in & single bunch operation, as was tried
in certain machine investigations, was 210 mh.
{The peak current within the bdunch, of course,
was much larger, abeout 100 A). mhese currents were
reached after certain problems and bteam instabili-

ties nhad been eliminated:

Single bunch instabilities of the head-tail
tvpe were observed ai average bunch currents
of .25 ma. The elimination of these betatron
instabilities thnrousgh crhromaticity compensation
wi<h sextupoles was roT so easy at the beginning,
because only a limited numter ¢f places for the
instaliation of sextupoles was available., After
changirg tne criginal DCRIS optics, which only
~ad aispersion in the area of the bending magnets,
to one where the dispversicn is carried all around
the ring, and by using pole face windings in
quadrupoles designed to give sextupole fields,
it was possible to provide for an entirely satis-
factorv chronmaticity ccupensation. This resulted
in thne suppression of tre head-tail-{iype-instaoili-
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ancther very bothersome tyne of instability
was produced oy hisher mode excitation in the
rf-cavities. In particular, sxcitation of the
lower TM-noies led to large tetatron &nd phase
;'Qtaolli*iﬁ‘ in contrast to the head-:ail type
instacilities, these were clearly dependent onlv
on the average total currsnt. Tarougn installation
of dampin;s antennas in the cavities in _ocations
where thewv Ao not affect the fundamental accele-
rating mode. 1t was possibles to lower the Q of the
strongest higner modes by Tactors up to 2000,
ferrite absorbers in the vacuum pipes
the modes with

frogquencie i tran 1300 . Trrougn these
measures instabilities could

'm_na:oi. he few reraining ones
are only oitserved at large currents and can be
avelded by the right tune of the cavities.

Aaccu~ulatiosn in
fficulties at r. zused a
nf the gtored electron oeam and an enlarse
tre vertical bear asilze. The ion clearing
sdes were not able ro cornletely sweep cut
3 nducel oy the c1rcu-at1na electron
18 the vecuum zradually imrrovea, this effect

3

became less dominant. 3y not completely filling
all available rf buckets, but leaving a gap of
about 59 in the circumferentiasl filling, this
etfect is now no longer observed.

Besides tnese identified and cured proble=s
there are instavpilities observed at hizh currents
for which *he cause is still not well understood.
A betatron instavility, which mostly occurs in
the vertical plare and for which a large nurber
of modes is grouped within a 50 *Hz interval
around the fundamental accelerating frequency of
500 MFz, ras teen called the "multi-mcde instabili
ty". It occurs at beanm currents larger than
20-70 mi. Its dependence on other machine para-
meters is not well unders*tood. The multi-mode
instabilit; does not lead to a beam loss bu* to
a vertical beam enlargement wrich in turn, of
course, leads to a reduction of luminosity. This
instability could be successfully sliminated up
to currents of 450 miA through the use ofan rf

auadrupole, which producesa systematic J-variation
of 0.03 in different parts of the circumferen=ial
filling.

The present limit to which currents can be
accumulated seems to be given by unidentified
phase oscillations. Like the multi-mode-insta-
bility these phase instabilities 4o not lead to
beam loss tut to an increase in momentum spread
and the corresvonding increase irn bunch length.

A majior part of this effect manifests itsel? in
coherent oscillations in many modes, which so far
could not te clearlv associated with any nparticu-
lar component of the vacuum system. Tris bunch
length increase causes a reduciion in luminosi=zy
vecause of the crossing beam arrangement. The
assoclated beam widening causes a reduc*ion cf
beam lifetime during injec*icn and thereby a
limitation of the current wrich cen be accumulated.
An effective way to improve this situation is the
ecoupling of bunch mctions trrougn a second radio
frequency system operating on a different narmo-
nic number. Since DORIS ras three transmitters
in each ring, it is easy to operate one on the
479th harmonic {instead of the 4R0th). "he newly
discovered resonances provide - vecause of their
narrow width - an excellen® %00l 0 study the in-
herent bveam width of the stored beams. FPig.3
snows the first of tne *wo resonances, which at
DORIS is found to ke at an energy of 3030 MeV.
The measured enerav wicth of 1,7 (fow.ham. )
covresnonds closely to the theoretical number
of 1,76 MeV, Witnout decourling transmitter the
ured cross section at the maximum may de-
se by as much as a factor of 3, irplvine an
ezse 1n energyv wilith by this factor.

HWU)

Sear~beam interaction was observed at 1.5 JeV
with bunch curren*s corresponiing tc average
currents of 502 maA. The effect of the strong veam
was the creation c¢f a large numter cf aiditional
resonances in the other beam. Fachk of <hese re-
sonances was strong enough to cause very short
iife time. 2ut since the relative alisnment of the
two teams with respect to each otner at the two
interaction points was not well controlled during
thig experiment, it is too early to say wrether
nis 1s the real avace crarge limi+t in tris cros-

+
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v T T T T T Fig.4 shows the measured O-value as function of
- N (=L PRONGS) the phase position of the other beam. This method
- MONITOR COUNTS h will be replaced shortly by a fast lurincsity
- FUHU b measurement based on 2haba scattering at very
[ - small angles. A%t the present time DORIS .runs
+ b routinely with peak luminosities of

S . -2 -1 i i .
1050cm 2s at energies of 2 GeV. The lifetime

of the beams is between & and 11 hours and is
still improving., Average luminosities close to
35¢ of the peak luminosity are observed over
time intervals of several days.

03— -

Three exverimertal set-ups have been used so far
for colliding beam experimentation a+t DORIS, and
change-over between experiments has been done
within a normal maintenance period of 4 days. This
is accomplished by the fact that all experiments
are mounted on wheels and car be moved in and out
of the interaction regions without too much trouls.
8= = One of the three experiments uses the superconduc-
e ting magnet PLUTO. This magnet produces a 1.15 m
r 7 long 20 kG field in the beam direction at the
- 1 interaction voint. This field is in its coupling
-

0.2}~ —

- effect compensated for by two shorter super-

ﬁ% L Vev corducting coils at either end of the cdetector,

L
o 0% which ensure that the integral of B dl along the
Tig.3 3030 ¥e¥ resonance, measured with the supeT-  beam direction is zero. It mey be interesting to
conducting detector PLUTO . point cut that no adverse effects on the beams or
on the luminosity were observed when the magnetic

N . . i W i .
sing beam arrangerent. Zeam-beam interaction has field was turned on

gererally not been the Tumincsity limiting effect.
In a 6-weeks shut down this summer the injec-

Sesides these instability problems certain other tion systems will be uperaded to allow injection
difficulties had %o be overcome tefore high energy np to 5 GeV. {The present system is limited to
ohysics runs could successfully commence. One of 2.1 GeV). With this change the necessity for the
the difficulties with a double ring is the Tact energy ramping of the DCRIS rings will be elimi-
that there is no compelling reascn why the two nated wher energies higher than 2.1 eV are re-
veams should meet a* the interaction points: ouired. Energy ramping has beer somewhat trouble-

some ror the routine cveration, because of the
reguired time and scme difficulzies in cycling
the s0lid core magnets in a rerroducabla way.
hirner injection energies will have the added
advantage of the much higher thresholds for the
remaining team instabtilities.

Roth »ings are independent to a large degree:

and the smallness of the beam cross secticns =t
the inveraction voints (.8 mm wide ané .2 mr high
f.w.h.m.), together with the independence of the
»f vhases in hoth rings, requires a certain iech-
niqﬁe 4+~ bring those two besme %o colligion, The
most favored methcd at present is the meastrement
of +he tune shif% prcduced by one beam on the

At nresent the neak energy of DCRIS is limited
bty the main magnet vower supply, which will be
replaced by a larger one during the summer of

other., : A !
1575, After tris replacement the peak enersv
presumatly will be limited to energies of 4.2 GelV
AQ;1W3T by the available radio freguency accelerasing
2 T T T T T T T T voltaze. High shunt imredance ri-cavities as they
- 4 are needed “or the provosed PETRA-project, wmight
- R raise the energy limit to close to 5 GeV soretime
I i juring 1976.
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