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Abstract tances with a large dynamic aperture since the beam emittances

. . . . .. are large at injection. Simple scaling shows that these compet-
In this paper, we describe the design of the main damping rings ; : .
. . i ~ ' Ing requirements would force one to a large circumference ring
and the positron pre-damping ring for the SLAC Next Linear ”. .
. ; . . which can store and damp many trains of bunches at the same
Collider, a future linear collider with a center-of-mass ener

of 0.5 to 1.5 TeV. The rings will operate at an energy of me [2]. L : : .

GeV with a maximum repetition rate of 180 Hz. The nor- The situation is even worse in the case of the positron in-

malized extracted beam eFr)nittances _ 3mm-ﬁwrad and jector, where to produce the required number of positrons, the
pER = captured positron beam emittance is large; in the NLC design

yey = 0.03mm-mrad. To provide the necessary damping, t . : . ; .
: . 3 , the incoming positrons have an emittance that is roughly
rings must damp multiple trains of bunches. Thus, the be . . . .

0 times the incoming electron emittance and an energy spread

current is Iar_ge, roughly 1 A. We will present the optical Ia_youdf +2%. In this case, it would be extremely difficult to attain the
magnet designs, and RF systems, along with the dynamic aper-

. . ) ) . required damping and the necessary dynamic aperture in a single
ture and required alignment tolerances; collective effects will bé . Lo .
. . fing. Therefore, we will use a pre-damping ring to damp the in-
discussed in another paper. . : . . )
coming positron emittance to the level of the incoming electron
emittance; the positrons can then be transfered to the main damp-
[. INTRODUCTION ing ring which would be identical to the electron damping ring.
Assuming a normalized equilibrium emittance of 30 mm-mrad

The primary requirements of the NLC damping rings A the pre-damping ring, the positron beams must be damped for

summarized in Table 1 for two stages of the NLC design [1]. T 2 damping times to attain extracted rms emittances equal to
rings must produce electron and positron beams with emittan¢e's ping q

of yex = 3mm-mrad ang/ey = 0.03 mm-mrad at a repetition at of the incoming electron beams.

of as many as 90 bu.nches, spaceod by 1.4 ns, with a maximum Energy 18~ 22 GeV
single bunch population of.3 x 10'°. -
Circumference 112 m
Table 1. Damping ring requirements for NLC designs. Current 1 Amp
NLC-I (500 GeV)| NLC-III (1.5 TeV) Uy, Vy, Vs 10.18, 4.18, 0.015
Y €x 3x10°m-rad | 3x 10 °m-rad yex.y (fully coupled) | 2.5 x 107> m-rad
yey 3x10®m-rad | 3 x 10®¥m-rad O Oy 0.1%, 7.0 mm
Rep. Rate 180 Hz 120 Hz Ty, Ty, Tz 3.0ms, 4.0 ms, 2.4 ms
Bunch Chargg 0.7 x 10 1.5 x 100 Ver. fre 1.5 MV, 714 MHz
Bunch Sep. l.4ns 1.4 ns
Bunches/Trair % s Table 3. Main damping ring parameters.
- : . E 1.8~22GeV
The NLC electron injector is based on a polarized photo- - neray ©
cathode in a DC gun with a subharmonic buncher system. Itis | Circumference 223m
designed to produce bunch trains with a normalized emittance of Current 1 Amp
v€x,y = 100mm-mrad and a momentum spread less thao. Vg, Vy, Vs 23.81, 8.62, 0.004

Thus, the electron vertical emittance must be damped by roughly
four orders of magnitude. Since the damping ring must operate
uncoupled to produce the flat beams, this specifies the required Oc, 07 0.09%, 4.1 mm
number of vertical damping times; assuming a vertical equilib- Ty, Ty, Tz 4.0ms, 4.6 ms, 2.5 ms
rium emittance of_2< 1_(T8 m-rad, the beams must be stored for Var, frr 1.0 MV, 714 MHz
4.6 vertical damping times.

Thus, the primary design problems in the rings involve at-
taining both very fast damping and very small equilibrium emité

Yéx, Yey 3 x 10 %m-rad, 2x 108 m-rad

The principal parameters of the pre- and main damping rings
re listed in Tables 2 and 3. The nominal operating energy is 2.0

*Work supported by the Department of Energy, contracts DE—ACOig’er althoth the rings Qre *?emg quigned to OF_’erate be.tvs./een
76SF00515 (SLAC) and DE-AC03-76SF00098 (LBL). 1.8 GeV and 2.2 GeV. This will provide the operational flexibil-



ity to balance faster damping rates against smaller equilibridRef. [5]. Preliminary designs have been made of the bending
emittances. Both rings will store multiple trains of bunches. Theagnets, quadrupoles and sextupoles. The bending magnet has
pre-damping ring will store two 90 bunch trains at once while theecentral field of 15.3 kG with a gradient of 125 kG/m and a half
main damping ring will store four 90 bunch trains. The bunchemp of 1.6 cm. The quadrupoles have a maximum gradient of
in a train are separated by 1.4 ns while the trains themsel&¥) kG/m with an aperture of 1.6 cm while the sextupoles have a
are separated by 60 ns so that fast kickers can inject and extraakimum gradienasz /%2 of 30,000 kG/m with an aperture
individual trains. In this manner, each bunch train is stored fof 1.7 cm. In all cases, the poles are designed to fit around the
two machine cycles in the pre-damping ring and four machiate-chamber.
cycles in the main damping ring. Finally, the maximum average In addition, the main damping ring requires roughly 25 me-
current is rought 1 A for the NLC-IIl parameters; note that forters of high field wiggler to attain the desire damping times. The
NLC-III the bunch trains are only 75 bunches long and the traiwo parameters that are relevant for a damping wiggler are the
separation is roughly 80 ns. integral of Bi, which determines the damping, and the quantum

The pre-damping ring will operate on the difference cowexcitation, which is set by the field and the period. In the NLC
pling resonance. In this case, the equilibrium emittances atesign, we have chosen to consider a relatively short, high field
yéx,y = 30 mm-mrad and the transverse damping timg is= device. If we assume a sinusoid@} with a peak of 22 kG
3.45ms; thus, after two 180 Hz machine cycles, the beams &ose to the saturation of Vanadium Permandur), then we need a
stored for 3.2 damping times. In the main damping ring, thength of 25.6 meters and a period of 25 cm. Simple scaling laws
horizontal equilibrium emittance, including the intrabeam scatuggest that such a wiggler could be build as either a permanent
tering for 15 x 10', is yex = 3.1 mm-mrad while the vertical magnet hybrid wiggler or an electromagnetic wiggler.
equilibrium emittance of e, = 0.02 mm-mrad is determinedby ~ The SSRL Beam-Line 9 wiggler [6], which was recently
the alignment tolerances. Finally, the vertical damping time ¢®nstructed, nearly meets our requirements. It is a hybrid wig-
4.64 ms; this corresponds to roughly 4.8 vertical damping timeger with a peak field of 20.5 kG and a 26 cm period. Because
In both rings, the damping is slightly greater than that requireghe wiggler poles were designed to optimize the total flux, the
this provides a margin for injection transients and mismatchefield is not sinusoidal and the integral Bf is within 1% of our

In the next sections, we will briefly describe the optical deequirements.
sign of the positron pre-damping ring and the main damping
rings. Then, we will discuss the injection/extraction and the RF 1. INJECTION/EXTRACTION
systems. Finally, we will describe the tolerances and dynamic

aperture of the rings. In both damping rings, injection and extraction are per-

formed using DC septum magnets and pulsed kicker magnets.
The design concept is similar to the system developed for the
Il. OPTICAL DESIGNS SLC [7]. The kickers are required to inject or extract a single
Both rings are designed in a race-track form with two ard®6 ns bunch train onto or from the closed orbit without dis-
separated by straight sections. The pre-damping ring is roughlybing the other stored bunches. Thus the rise and the fall times
110 meters in circumference while the main damping ring raust be less than the train separation 60 ns. Finally, to reduce RF
twice as large. transients, a new bunch train is injected on the same revolution
In the pre-damping ring, each arc consists of 14 FOOF cellsat a damped bunch train is extracted.
plus dispersion matching sections; the FOOF cell is a modified The main damping ring kickers must provide a deflection of
FODO lattice where the defocusing quadrupole is replaced bg & mrad with a stability of\6 /6 < 0.5 x 102 for the extrac-
combined function bending magnet. Because the ring needsoa kickers andAg/0 < 3.5 x 1072 for the injection kickers;
large dynamic aperture and does not require a small equilibrighese tolerances limit the beam jitter due to the kickers to 10%
emittance, we use a weak focusing lattice. We chose to use tlfiehe beam size. The deflection can be provided using a 1.2
FOOF structure since it constrains the beta functions, allowingeter kicker with an impedance of §Dand a voltage of 17 kV.
us to design a smaller vacuum chamber aperture and therglejiromatic (double) kicker systems will be used to ease the sta-
less expensive magnets. In the arcs, the vacuum chamber nidlity requirements. Here, an identical kicker, powered by the
sures 3 cm by 3.2 cm. This provides physical aperture for game pulser, is placed in the injection/extraction line and sepa-
injected normalized edge emittance of 0.09 m-rad (50% largeted from the kicker in the ring by a horizontal transform.
than nominal) plus 2 mm clearance for alignment and steeringinally, to reduce the rise and fall times requirements, the injec-
In the main damping ring, each arc consists of 19 TME celt®on and extraction kickers in the ring are also separatedby a
[4] plus dispersion matching sections. The straight sections amr@nsform in the horizontal plane; the rising and falling kicker
roughly 30 meters in length. One side of the ring is devoted puilses can then be tuned to compensate the deflections to the
the damping wigglers while the other side contains the injectietored beams.
and extraction components and the RF cavities. In the pre-damping ring, because of the large beam emit-
The TME cells consist of a single combined function bendances, the required deflection is roughly three times larger and
ing magnet, two focusing quadrupoles and a single defocusihg required kicker aperture is roughly 50% larger than in the
guadrupole. Each cell contains six sextupoles, in three famiain damping ring. Fortunately, the stability requirements are
lies, to correct the chromaticity. The vacuum chamber is circuleglaxed by a factor of two. To maintain conservative magnet
with a 25 mm diameter and an ante-chamber to handle the amd pulser designs, both the injection and the extraction kickers
tense synchrotron radiation; the chamber is described furthemiauld consist of four 50 cm magnets powered in parallel.



IV. RF SYSTEMS

The RF parameters are summarized in Tables 2 and 3. B
rings will use 714 MHz systems; this is the lowest frequen
that is consistent with the 1.4 ns bunch spacing. Because of?
long bunch trains, the RF cavities must have HOM damping.
this stage of the design, we have assumed scaled versions o
PEP-II' single-mode RF cavities [8]; further discussion can be VI. DISCUSSION
found in Ref. [5].

In the pre-damping ring, the required RF voltage is deter- N this paper, we have presented the design of the SLAC
mined by the size of the RF bucket. The incoming beam N-C damping rings. Both a large aperture pre-damping ring
expected to have a momentum deviationte#%. This would and a main damping ring are needed to damp the positron
require an RF voltage of 2.5 MV. Instead, an energy compresdam while a single ring is used for the electron beam. The
located at the entrance of the ring, will reduce the incoming ef%tracted emittances of the rings gre;, = 3mm-mrad and
ergy deviations by a factor of two. Thus, we plan to use an Ry = 0.03mm-mrad. We have discussed the optical designs,
voltage of 1.5 MV; this provides an energy bucket of 1.5%. the RF systems, the injection/extraction kickers, and the align-

In the main damping ring, the RF voltage is determind@€nt tolerances and dynamic aperture. Further discussion of

Obviously, both rings have severe alignment tolerances. To
a{Bain the required values, we plan to use a beam-based alignment
echnique where trims on the individual magnets are varied and
e resulting orbit deflections are used to infer the magnet centers.

€. . .
milar techniques are being used successfully at the ALS and

h g storage rings.

by the energy loss per turn. The synchrotron radiation lossG@llective effects can be found in Ref. [5].

635 keV/turn and we have estimated the parasitic losses at 120
keV/turn by scaling from the old PEP ring. This is felt to be
a conservative estimate; scaling from the ALS or the PEPHil]
rings suggest parasitic losses an order of magnitude smaller. In
this case, a 1 MV RF voltage would be sufficient. It providei@]
sufficient voltage to prevent the beam loading instability while
allowing for a longer bunch length which is desirable.

3]
V. TOLERANCES AND DYNAMIC APERTURE

The tolerances in the pre-damping ring are determined LA')J
the requirements on the dynamic aperture while the tolerances
in the main damping rings are dominated by the requiremegﬁ
on the vertical equilibrium emittance. In the pre-damping ring,
the bare ring (without errors) has a normalized acceptance[gjf
y A < 0.45m-rad oveBp/p = +2%; the acceptance & = [7]
%(yx2 + 2axX + Bx’?). With random transverse alignment,
rotation, and strength errors of 20@n, 1 mrad, and A% rms
on all elements, the acceptance is reduced2arBrad. This is [8]
still a factor of two larger than the physical aperture.

In the main damping ring, the primary limitation arises from
the vertical dispersion generated by misalignments of the sex-
tupoles and rotation errors of the strong focusing quadrupoles.
The alignment tolerances required to attain an equilibrium emit-
tance of 2x 10~8 m-rad are listed in Table 4. These tolerances
assume the use of four skew quadrupoles to corrected the vertical
dispersion errors.

Table 4. Alignment tolerances in the main damping ring.

Sextupolg X/Y/®) [um/mrad] 100/50/1
Arc QFs(X/Y/®) [um/mrad] 100/100/0.6

Other Quads(X/Y/®) [um/mrad] | 100/100/1
Bends(X/Y/®) [um/mrad] 100/100/0.6

BPMs (X/Y/®) [um/mrad] 100/100/1

The tolerances for the dynamic aperture are looser. Doubling
the nominal alignment tolerances listed in Table 4 still yields an
aperture in excess ob3for an injected beam wittentimes the
nominal injected emittance and a relative momentum deviation
betweent1%.

References

T. O. Raubenheimer, et. al., “Parameters of the SLAC Next
Linear Collider,” these proceedings.

T. O. Raubenheimer, R. D. Ruth, and L. Z. Rivkin, “Damp-
ing Ring Designs for TeV Linear CollidersProc. of the
DPF Summer Study, Snhowmass '88pwmass, CO (1989).
H. Tang, et. al., “The NLC Positron Source,” these proceed-
ings.

L. C. Teng, “Minimum Emittance Lattice for Synchrotron
Radiation Storage Rings,” ANL-LS-17 and ANL-LS-17A
(1985).

T.O.Raubenheimer, et. al., “Collective Effects inthe SLAC
NLC Damping Ring Designs,” this conference.

M. Baltay, private communication (1995).

T. Mattison, et. al., “Status of the SLC Damping Ring
Kicker Systems,Proc. 1991 Part. Acc. ConfSan Fran-
cisco, CA (1991).

Rimmer, R. A., “RF Cavity Development for the PEP-
Il B-Factory,” Proc. Int. Workshop on B-Factorie&KEK,
Tsukuba, Japan (1992).



