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This paper describes a superconducting storage ring dedicated to positron accumulation as part of
a polarized positron source based on Compton scattering in a Compton storage ring (CR). The
superconducting stacking ring (SR) can provide a synchrotron damping time of order 100 ps.
Together with a novel combined injection scheme in the longitudinal and transverse plane, such a
ring may solve the problem of accumulating a positron beam with the beam intensity required for
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Abstract

This paper describes a superconducting storage ring ded-
icated to positron accumulation as part of a polarized
positron source based on Compton scattering in aCompton
storage ring (CR). The superconducting stacking ring (SR)
can provide a synchrotron damping time of order 100 us.
Together with a novel combined injection scheme in the
longitudinal and transverse plane, such aring may solvethe
problem of accumulating a positron beam with the beam
intensity required for CLIC.

INTRODUCTION

Compton scattering of an electron beam off ahigh-power
laser pulse in a so-called Compton Ring (CR) [1] is a
promising option to realize a polarized positron source for
afuturelinear collider such as CLIC. Dueto practical lim-
its on the laser pulse energy and the electron bunch charge
the number of positrons produced per beam-laser collision
is limited to at most a few 107 positrons. The CLIC de-
sign bunch charge is 50-100 times higher. Therefore, a
Compton-based source must obtain the target bunch popu-
lation by accumulating a large number of positron packets
arriving in a number of bursts from the CR, with interme-
diate damping of the scattering electron beam and of the
accumul ating positrons.

Simulations of a Compton positron source indicate that
ayield of afew 107 positrons per pulse is possible, with
a longitudinal rms emittance around 0.2-0.3 meV-s, and a
transverse normalized rms emittance of 8 x 103 rad-m
[2]. To obtain a high degree of polarization high-energy
positrons have to be selected. An energy selection provid-
ing a beam polarization larger than 60% also decreases the
transverse rms emittance, by an estimated factor 2—4, and
discards more than 70% of the produced positrons. The
total gammayield from the CR has to be adjusted accord-
ingly. Thiseffect can be taken into account in the Compton
ring design.

LONGITUDINAL INJECTION

Longitudina accumulation and injection of several
bunches into the same RF bucket have been routinely used
at LEP [3]. In the case of stacking for a future Compton
positron source many more injections are needed into the
same RF bucket. Efficient stacking requires the size of
the RF bucket to be much larger than the longitudinal edge
emittance of the injected positrons.

Earlier smulations of the stacking process considered
only the longitudinal dynamics including first and second
order momentum compaction, the sinusoidal RF voltage,
radiation damping and quantum excitation. Simulation re-
sults for the longitudinal stacking of Compton positronsin
the CLIC pre-damping ring (PDR) [4], reconfigured as a
stacking ring were presented in [5]. The acceptance of the
PDR was increased by raising the RF voltage and increas-
ing thefield of thewigglers (or doubling their number), and
through a ten-fold reduction in the momentum compaction
factor a..,; (which could perhaps be increased again to its
original value after the stacking process, e.g. to stabilize the
damped beam). The optimized PDR parameters are listed
in Table 1 (center column).

For CLIC the number of stacking turnsis less than 100.
A possible longitudinal stacking scenario is, for example,
toinject on every 40th turn positron bunchletsinto the same
PDR bucket. Accordingly a 20-ns bunch spacing is the
needed for the CR electron beams, and a suitable CR ci-
cumference difference with respect to a multiple of 20 ns,
e.g. 0.15 m corresponding to an injection shift by 0.5 ns
from turn to turn. Over 2800 turns or 3.7 ms, 70 injections
would berealized, providing the target number of positrons
per bunch. Following the stacking period would be 12225
turns (16.3 ms) of damping at a CLIC repetition rate of
50 Hz. Asthe longitudinal damping time of the stacking-
optimized PDR isonly 0.56 ms, asignificant reserve exists,
which could be used for relaxing the laser requirementsin
the Compton Ring.

A maximum longitudinal stacking efficiency of about
89% was obtained from simulations, when the beam is in-
jected with aconstant phase offset z,¢ = 0.01 m, and with
an optimized constant momentum offset 6 of 4% from the
center of the bucket [5]. Two snapshots taken during the
simulated stacking process are presented in Fig. 1.

An important point to highlight is that with the purely
longitudinal injection, afast orbit bump at the septum cre-
ated by fast kickers is required to ensure that newly in-
jected positrons do not hit the septum on the turn following
the injection. The bump amplitude chosen for the PDR,
Abump = Dseptumébumpa of about 4 mm, for Dseptum =1
m correspondsto 4 timestheinitial energy spread after en-
ergy pre-compression [6].

An dternative stacking scheme based on combined
longitudinal-transverse injection and a dedicated higher-
energy superconducting stacking ring, presented next,
avoids the fast septum bump, alows for a much larger ini-
tial longitudinal emittance, and achieves a higher stacking
efficiency, in full 6D simulations.
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Figure 1: Phase-space snapshots for CLIC-PDR stacking
process: first bunchlet on first turn (Ieft), and 60 bunches
on turn 2400 (right) [5]. Thebluelineindicatesthelocation
of the septum blade, which changes after the injection turn
dueto afast orbit bump.
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Figure 2: Transverse position of an injected particle at the
injection point over 30 successive turns, for an initial mo-
mentum deviation Ap/py = +3% at a dispersion func-
tion n; = 1m, an initial betatron-oscillation amplitude
X, = 5mm, afractional betratron tune @, = 0.75, and
synchrotron damping time 7, = 100us (333 turns).

COMBINED X-6 INJECTION

We can ease some of the requirements of the previously
described purely longitudinal injection scheme by longi-
tudinal injection away from the transverse equilibrium or-
bit. In this case the maotion of injected bunchlets con-
sists of both synchrotron oscillations of the equilibrium or-
bit around the reference one, and of betatron oscillations
around the instantaneous equilibrium orbit. Choosing beta-
tron oscillations with an appropriate tune val ue the injected
particle may miss theinjection septum for several turns af -
ter injection into the ring. This allows us either to decrease
the momentum deviation of theinjected particle (and to de-
crease the required energy acceptance) or to increase the
required damping time for the synchrotron oscillations (or
both to increase the damping time and to decrease the ini-
tial momentum deviation).

The motion resulting from such combined longitudinal-
transverse injection is presented in Fig. 2. One can see
that thanks to the effect of the betatron oscillation we can
choose quite slow a synchrotron oscillation in order to

Figure 3: Stacking Ring layout. 1A: injection arc; RA: reg-
ular arc; RF: rf cavities; PE: positron extraction.

avoid beam losses after one synchrotron period. The be-
tatron oscillation makes the injected beam miss the septum
during the first couple of turns. Simulations demonstrate
the high efficiency of such injection scheme. This method
still requires afew percent energy acceptance of the SR.

The CLIC PDR, which needs to meet several other re-
quirements, had a ready been pushed to (or beyond) its lim-
itsasapotentia stacking ring [5] and anew dedicated SRis
reguired to achieve the desired short longitudinal damping
time. Taking into account the aforementioned considera-
tions we have designed the | attice of a superconducting SR
with a positron energy of 5 GeV and abending field of 6 T.
Itslayout is presented in Fig. 3.

Thering is of race-track type with a circumference C' ~
125m. The bending is distributed over four regular arcs
and two shorter arcs, one of which serves for injection. A
single arc consists of 10 bending magnets and comprises 4
sextupoles for chromatic correction. Positrons are injected
between ‘large’ dipoles at a location with 1-m dispersion.
At the chosen values of positron beam energy and bending
field the energy lossis approximately 20 MeV per turn, cor-
responding to a synchrotron damping time close to 100 us.
The SR parametersare listed in Table 1 (right column).

The dynamic aperture (DA) for the injected off-
momentum beam is limited by high-order chromatic ef-
fects. The dynamic aperture increases for lower momen-
tum offset. The DA was computed with MAD-X. Thesim-
ulated dynamic aperture at the injection point is presented
inFig. 4.

Such dynamic aperture enables the injection of positron
bunches with a normalized emittance of up to 2 x 103
rad-m without significant beam loss.

Simulations considered an initial normalized transverse
beam emittance of 2 x 103 rad-m and alongitudinal rms
emittance of about 1 meV-s (0.2% rms energy spread at
5 GeV, and about 0.1 ns rms bunch length). To simulate
the Compton scattering process, a corresponding lattice el-
ement was introduced in the DeCA code, which modelsthe
full 6D motion (z,z',y, vy, z, Ap/p), including transverse
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Figure 4: Dynamic aperture at the injection point. 1B: in-
jected beam; EO: equilibrium orbit for Ap/py = +3%;
SB: septum blade.
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Figure 5: Beam positions at the beginning of the first syn-
chrotron cycle (black “x™), at the end of thefirst (blue “x”
and the second synchrotron cycles (magenta “x”). Num-
bers near bunches indicate turn number (“0” indicates the
injected beam).

losses. Simulation results illustrating the injection into the
proposed ring are presented in Fig. 5.

For a thickness of the final injection septum equal to
0.5mm and the aforementioned beam parameters an injec-
tion efficiency of 95% is obtained in the simulation.

The number of injected turns for the stacking is limited
by the synchrotron radiation power. Consider aCLIC beam
consisting of 312 bunches with a population of 4 x 10
and a bunch-to-bunch spacing of 0.5 ns. For such pulse se-
quence circulating in the stacking ring the stored beam cur-
rent is approximately 1.24 A and the average synchrotron
radiation power is about 12.5 MW. To decrease the average
synchrotron-radiation power load on the vacuum chamber
we propose that the CR generates bursts of gamma-quanta
at ahigher cyclerepetitionrate, e.g. of 400 Hz. A singlecy-
cle consists of a generation period during which positrons

Table 1: Parameters of modified CLIC PDR & SR

Parameter PDR SR
Positron energy 2.86 GeV 5GeV
Circumference 397.7m 125.0m
Horizontal tune Q 18.44 10.77
Vertical tune Qy 12.41 7.72
Momentum compaction 0.00038 0.0025
RF frequency 2GHz 2GHz
Number of bunches 312 104
Bunch population 4x10% 1.5x10°
Bunch-to-bunch spacing 0.5ns 4ns
RF voltage 20 MV 50 MV
Energy acceptance +6 % +3.5%
Energy loss per turn 6MeV 19.8MeV
Longit. damping time 560 us 104 us
Dispersion at injection 1m Im
Initial longit. rmsemittance 0.1 meV-s 1 meV-s
Peak SR power / length 2kW/m 3kW/m

areinjected and stacked, and a period needed for the damp-
ing of both the electron beam in the CR and the positron
beam in the SR. The two periods are about egually long,
e.g. 0.5 ms each. Positrons are being injected and accumu-
lated in the SR during a single generation cycle and are be-
ing extracted after the damping period. The average power
load on the SR vacuum chamber in such operation modeis
estimated to be of order 400 kW. The final CLIC positron
beam can be produced from the damped SR bunches by
3-turn injection into a so-called time-diagram transformer
ring with a circumference equal to the length of the CLIC
bunch train, and/or by a second stage of stacking in either
the PDR or the DR.

CONCLUSION

The proposed combined longitudinal-transverse injec-
tion into a superconducting stacking ring (SR) could be a
solution to the problem of positron stacking under the con-
dition of quasi-continuouspositron generation. The CR op-
eration mode with high repetition rate allows for the design
of a superconducting stacking ring with realistic parame-
ters. Preliminary estimates indicate that the SR beam en-
ergy can be 3.5-5GeV, and that a high stacking efficiency
of 95% can be achieved, with acceptable SR energy |osses.
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