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Abstract

Damping Rings for Linear Colliders have to produce very small normalised emittances
at a high repetition rate. A previous paper presented analytical expressions for the
equilibrium emittance of an arc cell as a function of the deflection angle per dipole. In
addition, an expression for the lattice parameters providing the minimum emittance,
and a strategy to stay close to this, were proposed. This analytical approach is extended
to the detailed design of Damping Rings, taking into account the straight sections and
the damping wigglers. Complete rings, including wiggler and injection insertions, were
modelled with the MAD program, and their performance was found to be in good
agreement with the analytical calculation. With such an approach it is shown that a
Damping Ring corresponding to the Compact Linear Collider (CLIC) parameters at
0.5 and 1 TeV centre-of-mass energy, and tunable for two different sets of emittance
and injection repetition rate, can be designed using the same ring layout.
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FUNDAMENTAL DESIGN PRINCIPLES OF LINEAR COLLIDER
DAMPING RINGS, WITH AN APPLICATION TO CLIC

J.P. Potier and T. Risselada, CERN, Geneva, Switzerland

Abstract bulence impedance threshold. Using a strategy to detune
atheoretical minimum emittand@ME) lattice close to its

ptimum [2], these effects can be alleviated. The choice
of the emittance detuning ratio fixes the arc cell lattice and
us finalises all Damping Ring parameters.

Damping Rings for Linear Colliders have to produce ver
small normalised emittances at a high repetition rate.
previous paper presented analytical expressions for t
equilibrium emittance of an arc cell as a function of the
deflection angle per dipole. In addition, an expression for
the lattice parameters providing the minimum emittance,2 WIGGLER DAMPING AND ENERGY
and a strategy to stay close to this, were proposed. This SPREAD

analytical approach is extended to the detailed design m a Damping Ring of circumferend®, with a bunch train

Damping R"‘QS’ ta_king into account the str_aight _S‘eCti(_)”Iﬁngthls (including space for the injection and ejection fast
and the damping wigglers. Complete rings, including Widg;eyer rise and fall times), a repetition frequengy; the
gler and injection insertions, were modelled with the MAD

reduced damping time. = 7, ,,/C has to satisfy in both
[1] program, and their performance was found to be in gooff ping time; = 7...,/ fy

i ; X ) ansverse planes < 1/(n.l,f.), n, being the number
agreement with the analytical calculation. With such an apy damping times necessary to damp the incoming emit-

proach it is shown that a Damping Ring corresponding D nce to the acceptable level, .,
rget-

the Compact Linear Collider (CLIC) parameters at 0.5 and The present study shows that the total amount of syn-

1 TeV centre-of-mass energy, and tunable for two differzp o radiation loss per turn is equalemoc/7,. The

ent sets of emittance and injection repetition rate, can b i ot~ the arc fieldB.... and the wiggler fieldB,;
. . . T arc wig
designed using the same ring layout. fix the total wiggler length, taking into account the radia-
tion losses in the arcs. The ratit)., was found to be
3 mo

1 INTRODUCTION
Rra =

Damping Rings are used to reduce beam emittances at a 2 eV BareTeTr

Spe‘?d compatible with the high repe_tmon rate of L'.nea\gvheree andr. denote the electron charge and the clas-

Colliders. The present paper describes a sequential asp- . .
) . ical electron radius.R,, = 1 means no wiggler and

proach to achieve both the damping speed and the eqii- ~~ 1 represents a wiaaler dominated rin

librium emittance. It is based on an analytical calculation " P 99 9-

tailored to Linear Collider Damping Ring design [2], with

particular emphasis on the optical parameters, disregardir n
momentum issues which are more related to collective ef 211 E
fects like Intra-Beam Scattering (IBS). o
Starting from the length of the bunch train to be dampec 13 = 0
and the repetition rate of the Linear Collider, a quantity 1z & io 5
calledreduced damping timis introduced in order to quan- = 15
tify the damping performances of rings of different sizes. ~ 1.7]_ 20 \ \ \ \ e field T /
309 1 11 1.

Then, for a constant reduced damping time and a con 50
stant wiggler length, different combinations of arc field and
wiggler field are calculated, allowing large variations of
R, the ratio of the total radiation lossound the ring Figure 1: Wiggler fieldvs. arc bend field for a given
to the radiation los® the arcs only. reduced damping time of 44s/m, for different wiggler

The choice of a combination of wiggler field and arc fieldengths (m), at 2 GeV
for a given reduced damping time determines the transverse
equilibrium emittance reduction, as well as the parasitic The total radiation loss in the presence of wigglers with
emittance created by the wiggler itself. a given fieldB,,;4, for a fixed value ofr,, is independent

In most low equilibrium emittance Damping Rings, highof the ring structure. For given arc fiel8,,.. and wiggler
horizontal phase advances, small dispersion@ndalues field B,,;, values, the length of the wiggléy;, may be ad-
in the bending magnets are used. This results in a vejysted to produce the required This resultis independent
small momentum compaction, and consequently a low tuof the value specified for the normalised target emittance
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Yetarget- Fig. 1 shows curves aB,,. and B,,;, combina- the maximumD,, value is selected, as a large momentum
tions leading to different wiggler lengths for a given compaction is required to maximise the impedance thresh-

The emittance reduction by the wiggler will beold. In this case the lattice parameters in the centre of the
Q. = 1/R.. = arcloss / total loss, but at the same bending magnet are entirely determined [2] and given by
time the wiggler will create horizontal emittance through

the non-zero local dispersion function. The emittance prgz, — ¢, lbend D, = (1+ 2z 2 — 1)9 lyend
duction, calculated using [3], is shown in Fig. 2 as a func- 2V15 V5 24

tion of the ratioR,. Aiming at a very low ring equilib- \hereg andi,..., are the deflection angle and the length of

rium emittance, and thus a small wiggler contribution tqne hending magnet. The symmetry of the TME cell lattice

the emittance, requires a short wiggler period. functions with respect to the centre of the bending magnet
imposes equally the horizontal cell phase advance
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Figure 2: Wiggler contribution to the horizontal emittance 21 [
for By, = 1.73T,5, = 2.5 m at 2 GeV and, = 35 us/m 1 F F
for wiggler wavelengths 0.35 m and 0.20 m z R ’ o
) ‘ N L.o4
4. L
Furthermore, increasing the wiggler length or the ratic ] J\ =
R, to large values will not reduce the ring equilibrium 004 —————— 0

emittance indefinitely, as it will become dominated by the
wiggler contribution to the emittance.

Once the reduced damping time has been defined it may gy e 4: Horizontal lattice functions of the arc cell
be seen (Fig. 3) that the energy spread is only weakly de-
pendent on the rati&,., The horizontal lattice functions of the arc cell are shown
in Fig. 4. Using the above expressions the momentum
compaction factor of a ring containing only regular TME

s (m)

i 1.0 cells depends only on the cell lendthy;, the bending mag-
é net parameters and the emittance detuning ratio:
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g 0E 4 MOMENTUM COMPACTION AND

' 4 5 TURBULENCE IMPEDANCE
ratio between ring and arc radiation losses THRESHOLD

The number of regular arc cellsequired to produce the
Figure 3: Relative energy spread. ring - wigglers radi- target emittance and the reduced damping time, taking into
ation loss ratioR,., for two wiggler fields and a constant account the wiggler effects, can now be evaluated. It is
reduced wiggler damping time = 35 us/m at 2 GeV a function of the wiggler characteristics (field, period), of

the emittance detuning chosen and, obviously, of the tar-

get emittance and the beam momentum. Fig. 5 shows the

3 ARC CELL OPTIMISATION number of cells (assumed to be_ eveRn)the ratioR,.,.
The arc cell andstraight sectionengths are modelled

As proposed in [2] the arcs are made of TME cells. The disas follows. The ring used in the analytical calculations
persion ands, functions in the bending magnets and at théas a race-track shape. It consists of 80° arcs, made
potential sextupole locations are chosen larger than thosEbending magnets of length...q in regular arc cells of
required for the minimum emittance. For a given ratio lengthi..; = 2l.n.q+ @ constant space required for the
of the actual emittance to the minimum possible emittancécusing part of the cell. Two long straight sections house



5 APOSSIBLE RING FOR THE CLIC 0.5
TEV AND 1 TEV OPTIONS

. 0.3 m The optimum beam energy depends on optics considera-
R ] tions, but also on Intra-Beam Scattering and polarisation.
0.1 m The polarised electron option requires beam energies of
(n40.5) x0.44 GeV so as to stay away from depolarising
resonances. The® dependence of the normalized equi-
librium emittance and the importance of IBS problems at
low energy lead to the choice of 1.98 GeV. Table 1 shows
ratio between ring and arc radiation losses a tentative parameter list for a Damping Ring capable of

fulfilling the requirements of both the 0.5 TeV and the 1.0
V options of the CLIC project [4].
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Figure 5: Number of arc cells required to produce the targél_fe
emittanceyeigrger = 1.9 10~% m for wiggler wavelengths

0.3 mand 0.1 m, foe, = 3.9, Byiy = 1.7 T,7,. = 35 us/m Table 1: Tentative Damping Ring parameters
at 1.98 GeV Parameter Unit 0.5TevV 1.0TeV
the injection/ejection system and the RF cavity, with a to Ve 107°m 1.7 11
tal length assumed to be the sum of a fixed part of 18 m Bunch Train Length| ~ m 38-19
and a “variable” part of 1.8 times the wiggler length. Thel Charge per Bunch 4.210
wigglers are distributed among the two straight sections in___R€petition rate Hz 200 150
order to minimise the ring dimensions. Nr S
Using this geometry the expression for the momentum T ps/m 26 35
compaction shown in Section 3 may be corrected for the _ \Wiggler field - T 2.1 1.7
presence of the two long straight sections. Ashas a | Emittance detuning 7.7 3.9
weak dependence oR,, (see Fig. 3), the turbulence | Mom. compaction 1074 12.8 7.8
impedance threshold, calculated with the usual formula (Z/n)inr Q 0.34 0.19
(Z/n)ne = a (2m)32 E o2 o, | (Ny €2 ¢), will show Bra 4.9 3.7
approximately the same behaviouraéSection 3). In Fig. Energy GeV 1.98
6 the variation of Z/n)¢1, and of the arc field required to | Number of Arc Cells 52
produce a constante;q,4e; andr,. is shownvs. R,.,. Circumference m 348
(Z/n)n» anda increase rapidly withR,.,, and the re- ngglerilength m 37
quired arc bend field decreases. This allows an increase Arc field T 0.3
of lyenq @nd larger values fob,, and 3., which eases the
chromaticity correction.
6 CONCLUSION
E = An analytical model of a Damping Ring, using TME cells,
= \ Fisld in afes was used to study the relations between the target emit-
'S / T tance, the reduced damping time, the turbulence threshold,
< TR the energy spread, the momentum compaction, the field in
_ j,><‘J (EMlg, the arcs and in the wigglers, the emittance detuning of the
g B lattice and the cell length. It is a powerful tool for the ex-
- L~ ploration of the Damping Ring parameters. The results are
& ° 5 = m confirmed by simulations with the MAD program.
) A set of design parameters is proposed for the 1.0 TeV
ratio between ring and arc radiation losses CLIC case, which can be detuned to fulfil the requirements

of the 0.5 TeV case, keeping the same magnets and geom-

Figure 6: Variation of(Z/n).,, and the arc bending field €trY-
vs. the loss ratioR,, assumings, = 3 mm, 4.2 10°
particles per bunchyesrger = 1.9 1079 m, 7, = 35 us/m, 7 REFERENCES
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