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Abstract 1.1 Parameters

The TESLA linear collider will require bunch lengths in The parameters (for a one cm bunch) have been previously

the range of 0.3 t0.7 mm at the interaction point (IP) for studied in detail in [2] and are to be found in Table 1.

the different parameter sets presently under discussion.  As the radiation comes mainly from the wigglers with
In order to achieve this the bunches leaving the TESLhe piecewise constant magnetic fiddg = 1.5 T, the en-

damping ring will pass a single stage bunch length comergy spread in the TESLA damping ring (DR) is circumfer-

pressor. To keep the demands of the latter moderate, tbece independent.

TESLA damping ring needs to fulfill limitations in respect

to the longitudinal phase space (in the rangd ofm to a Parameter units
maximum of1 cm for the bunch length an@l.1 % for the Circumference C 20 km
energy spread). The possibility of bunch lengthening ef- Rev. frequency  fj ca. 15 kHz
fects and other instabilities due to wake fields need to be DC/bunch I 0.09 mA
and have been studied. The assumed wake fields of various Energy E 3.3 GeV
components are presented and incorporated in a tracking Loss per turn Uo 12 MeV
method using a quasi-Green’s function approach to simu- Energy spread  og. 3.44 MeV
late their effect on the longitudinal dynamics of the beam.  RF \oltage Vv 24 MV
The results are compared to analytical estimations. Overvoltage factor q=é/U, 2.0
for bunch rms lengtlrs = 1 cm:

1 INTRODUCTION Synchr. tune Vs 0.087
The TESLA linear collider design [1] foresees damping  Mom. compaction « 2.7x 1074
rings in order to reduce the beam phase space volumes
down to the design emittance for collider operation. Table 1: TESLA dog-bone damping ring parameters rele-

The normalised emittance of the positron beam injectegnt for this study
into the ring which is assumed tg; = 0.01 m leads to a
necessary vertical emittance reduction facto of 102, In [2] it was assumed that the rms bunch lengthwas
This in combination with a storage time equal to the cycléxed at approxl cm. For sake of definiteness the overvolt-

time 7. of 200ms determines the vertical damping time2ge factorg was chosen to be two whereby the necessary
and hereby the necessary energy loss per turn. values of the momentum compaction factoand the syn-
chrotron tuner were determined so as to obtain the desired

bunch length.

L f paction has been looked upon as variable to obtain different
rms bunch lengths, and to study the wake field effects.
The bunch length is proportional to the square roat of

\ Here ¢ has been left at two, but the momentum com-
Figure 1: General layout of the “dog-bone”-shaped damp- 2 SIMULATION TECHNIQUE
ing ring (ref. [1]).

wiggler

The simulation is based upon the usage of macroparticles
In order to avoid the need for a costly additional ringand the incorporation of wake field effects into the equa-
tunnel, the TESLA damping ring is designed so that mogitons of motion with the help of quasi-Green’s functions
of the lattice can be installed in the linac tunnel. Additiona(see [3]).
tunnels are only required for the two “loops” at the ends of A bunch is represented by a variable numbéy,, of
the straight sections (see Figure 1). macroparticlegy, € ) wherery is the particle position in
The main complication which arises for the TESLAtime with origin at zero of the main RF ang the particle
damping ring is due to the pulse structure of the linac. Thenergy deviation from nominal energly
train of the 1130 bunches per pulse has a length&ins, The tracking equations in the program are such that it
or 240 km respectively. The bunch train will be thereforeis possible to define different sections within the machine
stored in a compressed mode, with a bunch spacing muahd track during one turn from one sector to another. The
smaller than in the linac. equations of motion are described by practically the same
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equations as given here for a full revolution for simplicity Total Wake of a5mm and a 1cm Gaussian Bunch
0 T T T T

where the phase space coordinates on#turi are related
to those on turm by
Cl{T() Cl{T()U()
= g er — N Q
i - = -150
el = P 4te ZVi sin(wye 7 + ¢i) — Ug
i=1 -200
2T T =
~2%en 120/ 2200 R+ eW (1) (2) ol o
T, T, -4 2 0 2 4 6 8 10

=R Rel. position / rms zero current bunch length
with Ty the beam revolution period\Vg the peak energy
gain from the RE, w,¢ ; the angular frequency of the RF  Figure 2: The wake field (all components) of a 5mm and a
¢; the phase off-set from main RF (with indéx 1, ¢; = 1 cm Gaussian Bunch.
0), T. the radiation damping time for energy oscillations,

R a Gaussian distributed random number with mean = Q lati dvant is tak f the fact that inducti
and rms = 1, andl’ the wake field. simulation advantage is taken of the fact that an inductive

The second to last term on the right hand side of the Selgr_]_pedanc@ = —iwL corresponds to a wake field which

ond equation describes the energy variation due to quamlmnversely proportional t02the derivative of the charge dis-
o I o
excitation by photon emission. The third term on the right 'eution: W(s) = —L-cX(s). This is computed for
. Gaussian bunch of an appropriate length and used as a

hand side of the first equation reflects the continuous rao%GF

ation loss, here between two successive turns. Th - Il effect has b ted for. t00. Th
Instead of using Green'’s functions (delta-wakes) to cal- 1€ resistive wall efiect has been accounted for, too. The
gitudinal monopol resistive wall impedance of a round

culate the wake fields quasi-Green’s functions are used, t in the | T -k d
wakes of Gaussian bunches with a smaller rms value th&Pe 1" the o%g—ra?ge af)p:coxm;]atmnks \;Yeld_ r;ownG an
the bunch studied; in the following abbreviated by QGF. € corresponding formuila for the wake field of a Gaus-
To determine the wake field seen by a macroparticle ggn cha_rge distribution has been_used to calcglgte QGFs.
binning technique is used. The bunch represented by t alulm7|r§12u_r11 V"j‘fqum chamzerl W':]h a cqnﬂuctlvat_y - h
Npar macroparticles is divided into bins with a pre-defined:":5 X (I)I h m 'j asso;nje ) nf[ ehstral_g tlsect|onst €
constant width. Then,(7), the centre of mass for every pipe will have a radius ob = 5 cm, In the wiggler section
bin 4, andns, (i), the number of particles in bin are de- (2 % of the circumference) a radius bf= 1 cm and in the

termined. The wake field effect on each bin is calculate@cS € 6 % of circumference) = 3 cm. .
The exact geometry of the RF cavities for the TESLA

as: DR is not known yet. For this study eight 4-cell supercon-
_ Q Noin . _ . ducting cavities, such as installed at HERA but scaled in
Wh(i) = np(f) - QGF(7e(i) — 7e(4))-  (3)  frequency fron500 MHz to 433 MHz have been assumed.
P =1 The longitudinal wake fields of Gaussian bunches with

equal to 2 and mm have been calculated with the MAFIA

The wake fieldiW seen by a macroparticle; is
W ! (7%) y particler, cx) | 2 program and have been used as QGFs. Fbbam

then calculated by linear interpolation. Therefore there ig

no artificial jump of the wake fields seen by the macropartpunch only one celllwas usgd. .
cles due to the binning, i.e. the transition between two bins Furthermore the installation of 40 very fast kickers has

is continuous. Note, that the numerical approximation hage_en assumed (see [5]). The wakes havg: been calculated
an acasual part to it as QGH # 0for z < 0. using the MAFIA T3 module. The maximum absolute

The maximum relative error (relative to the maximunVake created by a Gaussian bunch passing a fast kicker

wake) for the below stated wakes of the impedance mod¥étries approximately a$v;i;5 | ~ 1/ ad/t,
and stated QGFs varied in the cases 6fram and1 cm
Gaussian bunch between one and five percent (further de- 4 SIMULATION RESULTS

tails can be found in [4]).
For the simulation different numbers of macroparticles,

3 IMPEDANCE MODEL number of sectio_ns, and different QGFs varying in bunch

length for the various wakes were used. The rms values for

The impedance model used here is based on the one estiéite- bunch length and the energy spread per run were cal-

lished by Shiltsev in [2], originally done forlacm bunch. culated as the average values over the last 500 of the 3000
There it was concluded that the bellows, beam posiurns for which the simulation was run (this being approx-
tion monitors (BPMs), vacuum ports, tapers, etc. all corimately equivalent to eleven damping times and the cycle

tributed to an inductive impedancg/n totaling 17m{2, time).

corresponding to an inductanfeof 1.8 x 10~7 H. For the The individual components have been studied in detail,
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the results can be found in [4]. Tracking, Total Wake, alpha=5e-5

% bunch,l:b.OOmA
a=5x107[a=7x10"7[a=2.7x 107 P buneh 120.09mA === |
Tracking| H | Tracking| H | Tracking| H 2

I Os Oc |0s|0s 0c |0s|0s 0c | Og ’§ 2

mA | cm MeV|cm|cm MeVicm|cm MeV| cm % 5l

0.000.44 3.470.440.52 3.480.51)1.06 3.591.02 °

0.090.56 3.470.560.62 3.480.62/1.09 3.591.05 g0

0.180.64 3.480.640.69 3.490.691.13 3.591.09 5 ol
Table 2: Results for the total wake and the three studied 01 Yy o Y o1
momentum compaction factors. Average tracking results Position with the synchronous particle at zero / ns

(one sectionjVpary = 100000 and 200 000) compared with
those obtained by the Haissinski equation, abbreviated hygure 3: The average normalised charge density over the
“H”. The design current i9.09 mA. last 500 turns as seen by a tracking run with,, =
100 000. Total wake fora. = 5 x 105, design current.
The main component contributing to the total wake seen

Egnggeacpt)%r:?‘fcst(;rnmﬂf gimf(’)'[‘? ;:(?OjOL t?ex T(())_rgﬁgtumwake has been taken and multiplied by an appropriate fac-

the one due to the inductive impedance followed by th&f’r so that its firs:t absqlute maximu_m corresponds to th.at
of the fast kickers, whereas for hem Gaussian bunch of the assumed inductive wake attributed to the BPMs in
(o = 2.7 x 10-4) it is vice versa. Note, that the absolutethe |mpe_dance model. The outcome was that total bunch
inductive wake maximurtivIN_ | o 1/02. !ength_enmg was somewhat s.maller. Further the assur_ned
max y Haductlve wake to the BPMs in [2] seems to be unrealis-
tically large C = 4.3 x 1078 H) so that the total bunch

The bunch lengthening factors for the design current a
lﬁngthening is momentarily presumably overestimated.

for I = 0.18 mA were equivalent to those for the purely in-
ductive wake and match the results obtained by the Haissin- ) X :
y Further studies are planned. An improved impedance
odel is most certainly necessary, especially in respect to

ski equation (see [6]). They therefore can be understood b

the potential-well distortion theory. At higher currents, e. d ) X .

I :%.27HlA ;\:\do.?i6 mA’ the resﬁlts wrll?en usirL:g one seﬁfhose components which contribute to the inductive wake
tion were such that the rms energy grew and the rms bungﬂdmptqnegt. In ZOW f?r a”vacu;Jhm gharr;}bler O?I,J]eCt appears
lengths were noticeably larger than the predictions of the Tucdlwte t(;pen qurl_lca_y&n i tﬁ UEC ; e?% ' h studied
Haissinski equation. However for two sections the above 0 date Ine prediction Is that the shortest bunch studie
stated differences disappeared (see [4]). would see at the design current a bunch lengthening factor

In the case of the two smaller momentum compactioﬂf .y to;O% (jue to _potenhal-well dlstort|o_n.
factors al mm inductive,0.5 mm resistive wall, &.5 mm Tragkmg simulations have been apphed to the SLC
(1 mm) cavity, and & mm fast kicker QGF were used. The damping rings (the old chamber buf[ with beIIQW sleeves).
bin width was0.2 mm. Fora — 2.7 x 10— a1 mm induc- The results (see [4]) agree well with those in [7]. Our

tive, resistive wall, and cavity wake, an@ aam fast kicker ]Eh"’llgkds ?oes_ﬂ'io Ktarlhl_Binteh for klndly_supplyln%thetvgake
QGF were used; the width of the bins wag mm. Ield data without which the comparison would not have

Tracking simulations where all wake field effects excepleeen possible.
for the inductive wake were taken into account showed for
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