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Abstract projects have shown that the installation of insertion de-

For the SB-Linear-Collider project (SBLC) at DESY a re.Vices doesn’t reduce the dynamic aperture very much.

design of the damping ring has been performed, mainly in

order to optimise the dynamic aperture. The lattice of th¢.2 Damping Ring Requirements

proposed damping ring has a DBA structure, similar to the . ) o o

3rd generation light sources ESRF, APS and SPRING-8he damping of the emittance within a storage ring is,

The damping ring is build up with 6 superperiods. The o o

straight sections between these periods are used for the in- Ef =&inj-€ /o 4 Eequ- (1 —€ /TD) 1)

jection, ejection and rf-cavities. In turn, each superperiod

consists of 6 DBA cells. The straight sections of theswheree is the final emittances;,,; that one of the injected

cells are used for the installation of the wigglers, whictbeam anct.,, is the equilibrium emittance of the damp-

are needed for the damping. With the installation of overaing ring. 7p is the damping time of the ring andis the

150 m of wigglers By = 2 T and)\o = 0.2 m) the equilib- accumulation time within the ring, t = 19.6 ms.

rium emittances are, o = 6.5 - 107 m - rad ande, o = The evaluation of Eq. (1) gives for the damping ring the

1.3-107" m - rad (the corresponding normalised emit-following requirements:,, =4 - 1075 m - rad, ¢, , =

tances are¢, ,, =3.8-107%m-rad ande, o =7.6-10"% 2.10"7" m - rad, 7p < 3.5 ms.

m-rad . The damping time results i, < 3.4 ms. Thedy-  Here, an emittance dilution budget of 25% from the

namic acceptance including misalignment and magnet efamping ring to the IP is taken into account. The energy

rors is in the range oft, < 72mm - mrad andA, < 80  of the damping ring should be in the range between 2.5 and

mm - mrad. 3.5 GeV. At an energy of 3 GeV the normalised emittance
of 4 - 10=% m - rad translates into an absolute horizontal

1 INTRODUCTION emittance 06.7 - 1071% m - rad which is the domain for a
fourth generation light source, about an order of magnitude
below existing third generation light sources.

High luminosity in linear colliders can only be reached by The small emittance of the injected electron beam,(
damping the beam in a so called damping ring before # 1-10~* m - rad) results in a relaxed dynamic apertuze (
is accelerated to high energies. For the S-Band-LineatQr-mm-mrad for the electron damping ring (DR). Quite
Collider project (SBLC) at DESY[1] the beam has to bedifferentis the situation for the positron DR. The emittance
damped to normalised emittances, < 5-107%m -rad 0f 1-1072 7 - mn - rad results in a beam size at injection
ande, , < 2.5- 1077 m - rad within a time of 19.6 ms of 5 mm. According to the fast damping;{ < 3.5 ms)
corresponding to the repetition frequency of 50 Hz. Acthis value will be damped within 3.5 ms down to 1.8 mm.
cording to the pulse structure within the linacsy(® the We assume that an aperture 0b3;,; = 15 mm should
circumference of the damping ring has to be larger thape enough for the positron damping ring, resulting in an
600 m. The current within one pulse should be 300 mAacceptance of 20...30- mm - mrad.
In order to reach these parameters the damping ring must
have a sufficient dynamic aperture for the injection pro-
cess and a sufficient lifetime. To meet the requirements 2 LATTICE
on the damping .time, damping vyigg!ers he}ve to be intr02_1 Lattice of the base ring
duced. Conventionally, such a ring is realized by a race-
track structure[2][3][4]: two arcs with bends and two longWe took as the base of the redesign the lattice of the
straight sections that accommodate the damping wigglelSsSRF[6] and performed the following alterations: 1) Re-
injection, extraction and the RF-system. In such a schenafiction of the circumference from 880 m to 660 m; 2) De-
the dynamic aperture is drastically reduced by introducingreasing the radius of curvature of the bending magnets in
the long straight sections for the damping wigglers. order to enhance the damping; and 3) Changing of the de-
In comparison to these design the 3rd generation liglitection angle from 5.625 degree to 5.0 degree in order to
sources like ESRF, APS, ALS, ELETTRAJ5] etc., have aeduce the emittance and increase the number of straight
relatively large dynamic aperture. Investigations at thessections from 32 to 36.

1.1 General
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2.2 Introduction of damping wigglers

Six straight sections are needed for injection, extraction and

20
the rf-system. With an equal distribution of them around =
the ring we have a sixfold symmetry. The length of a Z1s
straight section - from quadrupole to quadrupole -is 6 m. 3
With 5 m long wigglers an overall length of 150 m of wig- =)
glers can be installed. The maximum magnetic field within £ *°|}
the wiggler has been set to 2.0 T and the period lengthto <
0.2m. g5

The wigglers have an effect on the damping time, the E
energy spread and the emittance. The emittance is reduced <

five-fold, the damping time by a factor of 7.5 and the energy
spread increases by 3.1. Including the wigglers the ring has Sim
the following parameters:

€4,0=6.5-10"19m - rad, €,,0=0.13-1071% m - rad, .

=167 msp, =3.34msr, = 3.34 ms. Figure 2: Lattice functions within one superperiod of the

SBLC damping ring. Each superperiod consists of the unit
cells with wigglers and two matching sections at each side.
The schematic layout of the SBLC-DR is presented in

Fig. 1. The DR has a sixfold symmetry and each superpe-

riod consists of five unit cells with two matching sections.

2.3 Damping Ring Layout

The unit cells are the normal DBA-structures with a damp- 10
ing wiggler in the straight section. The matching sections ® i
are the places for the injection, ejection and the rf-system. ® Lo%
The lattice functions of the superperiod are presented in 20
Fig. 2. &
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Figure 1: Schematic layout of the SBLC-DR. With a six-
fold symmetry. each superperiod consists of five unit cell$he vertical equilibrium emittance is essentially deter-
and two matching sections. mined by the magnet and beam position monitor (BPM)
In order to have within the matching sections the samalignment tolerances and by the orbit correction procedures
phase advance as within the unit cell one has to introduegplied. We used the PETROS computer code to simulate
in the straight section of the matching section some exti@ignment errors and orbit correction procedures. Assum-
guadrupoles because the wigglers within the straight seitig rms magnet and BPM position tolerances of /b0,
tion of the unit cell perform a focusing in the vertical di-the MICADO algorithm is applied in several iterations un-
rection. The dynamic aperture including misalignment antll the quality of the orbit does not improve anymore. From
some magnet errors is given in Fig. 3. Atinjection the apettO different random seeds of errors we obtain an average
ture is a factor 5 larger as the positron beam size. This i@rtical normalised emittance of (1400.9)10~7 m - rad.
sufficient. The energy acceptance of the DR is larger &0 the required emittance could just be achieved with the
4%. assumed tolerances and standard correction techniques.
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4 RF-SYSTEM the longitudinal coupling bunch instability and is the

he | f th is g ined by th di damping time of the synchrotron oscillations. Taking a
T e layout of the RF-System is determined by the radigg, impedance oft,; = 200 k2 (which is typical for
tion loss per turl/y and the required energy acceptance

For the SBLC-D — 3.95 MeV (including the d ~“~a normal conducting cavity) results in a maximum current
orthe -DRUo = 3.95 MeV (including the damping ¢ 1 35 1A The shunt impedances of the HOM'’s within
wigglers) and the energy acceptan@FE/FE)rr should

b | 10 i h 4. Wit CESR superconducting cavity are in the range of 0.1-
€ at least 10 times the energy sprea " Ith an overvoyy 7 k€2, leading to an instability threshold of4 380 mA.
age factor g = 2 the energy acceptance is 7.2%.

. i There hI-a|§nce the coupled bunch instability are of no importance
to be installed an overall voltage of 7.9 MV with a beam, ., using superconducting cavities

power of Pyeor, = 1.2 MW. The number of cavities is de-
termined by the power which can be fed through the in

put.qoupler. C_urrently,_ both normal or superconductin hich is typical for a normal conducting cavity) the max-
cavities are being considered. For the ELETTRA normal. ' m stored beam within the DR is 4.0 mA. The trans-

.conductlgg.ciawty[Y] ads lee(;l I?VSV”I]—? HERA supI:arlcoondulct\-/erse impedances of the CESR-SC-cavity are smaller than
ing one[8] it is aroun - Hence overa to .025 M)/m leading to a threshold current of 1760 mA. In

cav!tle; ha\(/je t9 bedn;stalleQ. The CESR supzergokr:/(\d/uzlqgis case, however, other contributions to the impedance (in
cavity[9)] is designed for an input power up to 25 " " particular the resistive wall impedance) may become dom-

ready achieved have been 150 kW. This means that 5 inant. Whether or not a feedback system is required, must

iég\ges .have t_Obe (lsn'\s;lt\a;}led. Tbi Zp'\j(\:/'f'catfms 9°f e determined by more detailed investigations. In any case
cavity are: G = MV = 1. »Qo = 10" it should be noted that the issue of multibunch instabili-

— _ 5 — -
.(R/Q N SQ.Q/CEU’ Qr = 2 10° andlcsy = 0.3m). Tak ties is significantly relaxed compared to the B-factory rings
ing 5 cavities with a gradient of 1.8 MV/cell the overall RF esently under construction at SLAC and KEK
voltage leads to q = 2.6, with an RF energy acceptance 8¥ '

7.2%. By taking the phase¢, = 22.62 degrees, the syn-
chrotron tune results in, = 8.92 - 1073, Q, = 2.55 - 104,

There are coupled bunch instabilities in the transverse di-
rection, too. For a transverse impedancé&oef= 11 MQ/m
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5.2 Multibunch Instabilities

With 333 stored bunches and a total current of 300 mA,
multibunch instabilities are of concern. Stability is guar-
anteed if(1/7) < (1/7.). 1/7 is the growth rate of

338



