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The large acceptance Collector Ring (CR) together with thghHEnergy Storage Ring (HESR)
is the storage ring which will be realized in the ModulariZtart Version (MSV) of the FAIR
project. It will be operated in three ion-optical modes, w@fadhem providing fast pre-cooling
of either antiprotons or RIBs. The CR design was recentlyptathto the use as a pre-cooling
ring for subsequent beam accumulation in the HESR. The thivde, namely the isochronous
mode, is a special ion-optical setting for mass measureofemotic very short-lived nuclei. In
this mode the CR will be operated as a Time-Of-Flight (TOFctpmeter. The latest results
of the general storage ring concept at FAIR will be preseatatifuture perspectives of the ring
complex development will be discussed.
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1. Introduction

Acceleration of high intensity primary beams and their @gion to secondary beams is the
main mission of the proposed Facility for Antiproton and Rasearch (FAIR) [1]. The existing
GSIl accelerator system with the UNILAC linear acceleratat the heavy ion synchrotron SIS18
will serve as injector complex for the new synchrotron SI&10wo production targets, one for
antiproton production using a primary proton beam and oneafe isotope production by fragmen-
tation or fission of heavy ions, in combination with subsefuaagnetic separators, will provide
the secondary beams. In a complex of storage rings the segobhdams will be prepared for the
users. Beam cooling will be crucial to prepare high qualédggadary beams. Stochastic cooling
will provide pre-cooling of the hot secondary beams, foigaotons it is also employed in beam
accumulation.

The large acceptance Collector Ring (CR) together with tigh HEnergy Storage Ring (HESR)
are the storage rings which will be realized in the ModukdiStart Version (MSV) of the FAIR
project. The overview of the FAIR facility is presented irgF1.
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Figure 1: Layout of the FAIR facility. The components which will be ligad in the Modularized Start Version of the
FAIR are marked in red.

The purpose of the CR is the collection and pre-cooling oipaniions (for the subsequent
antiproton transport into the HESR) and Rare Isotope Be&ti3s). Additionally the CR will be
operated in the isochronous mode for mass measurement8sf RI
The HESR with a circumference of 575 m and a magnetic rigidft$0 Tm is designed for the
accumulation and storage of antiprotons. The antiprotafise injected at 3 GeV and then be
prepared according to the requirements of the experimdm.ehergy ranges from a maximum of
14.1 GeV down to a minimum of 0.83 GeV. The antiprotons arelacated or decelerated in the
HESR to the required energy with a ramp rate of 0.025 T/s. Metailed information one can find
in Refs. [2, 3].



Status of the Storage Ring Design at FAIR S. Litvinov

2. The Coallector Ring (CR)

The Collector Ring (CR) offers large acceptances, bottstrarsely and longitudinally, which
is important for the efficient use of the secondary beamgiegefrom the production targets and
separators. Its design is governed by the stochastic gpsyistem which requires proper mixing
conditions and beta functions [4]. Since the accumulatoy RESR is excluded from the start
version of FAIR, the CR has been adopted to the use as a pliegoing for direct subsequent
beam accumulation in the HESR. Antiproton and Rare Isotogeni® (RIBS), are injected at the
maximum magnetic rigidity of 13 Tm. The velocities of the tepecies differ significantly, the
relativistic velocity isB = 0.83 for ions ang3 = 0.97 for antiprotons. Therefore, in order to provide
the best conditions for the stochastic cooling system ftin beam species two different ion-optical
settings have been calculated. Dispersion free straigiibse for injection and extraction and for
the installation of the rf system are another feature of #itéice. The circumference of the CR is
221.5 m. In the antiproton operation mode the momentum &acep isAp/p = £3% and the
transverse acceptance is 240 mm mrad in both planes. In BieBfle the momentum acceptance
isAp/p=+1.5% and the transverse acceptance is 200 mm mrad, correagbndin both planes.
The momentum slip factor is rather small for both optical e®d) = —0.011 for antiprotons,

n = 0.186, for RIBs). The CR is schematically illustrated in Fig. 2

Inj./Extr. kickers

S.C. kicker

S.C. kickers

4
—
= S.C. pick-up

S.C. pick-ups  pF_cavities

to the HESR Extr. septum

Figure 2: Layout of the Collector Ring (CR).

2.1 Fast Beam Rotation

Before stochastic cooling is applied a bunch rotation armidehing system reduces the mo-
mentum spread of the short bunch of secondary particles & to +0.7%. This results in
better initial conditions for stochastic cooling and in aér total cooling time. The rf system of
the CR [5] is designed for high voltage gradient during burathtion, but it acts only over some
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hundred turns on the beam. Although each 1 m long cavity hpsowdde a voltage of 40 kV, the
average power dissipation will not exceed 2 kW. The use ofmatg alloy material is foreseen in
order to achieve the high electric field strength. Due to thalkaverage power dissipation forced
air cooling of the magnetic alloy rings will be sufficient. ldbange of the beam energy with the rf
system is foreseen in the CR, therefore the frequency ramgbd operation at harmonic number
h =1 from 1.13 to 1.32 MHz is only determined by the different&elocity of ions and antipro-
tons when injected at their specific energies. The rotatioe ts about 100Qus and 600us for
antiprotons and RIBs, correspondingly.

2.2 Stochastic Cooling

The stochastic cooling of the CR will be applied to beams witnificantly different veloc-
ity [6]. The intensities, particularly of rare isotope begroan vary from very low intensity (a few
ions) up to some 0 The goal for low ion intensities is a total cooling time 06X in order to
make full use of the fast cycle of SIS100. The cooling timedotiprotons should be 10 s at most,
5 s total cooling time will result in doubling the antiprotpnoduction rate. For cost reasons the
bandwidth of the cooling system is presently limited to thiege 1 to 2 GHz, an optional extension
to 1-4 GHz will reduce the cooling time.

For the cooling of the low intensity ion beams and for thef@otion cooling high sensitivity of the
pick-ups is indispensable. A new slot line structure forthad 1-2 GHz coupled to a micro-strip
circuit has been developed [7]. Cooling of the pick-ups td&20ith a cold head is included in the
design of the vacuum tank. A prototype tank is presentlyrabted in order to test the concept.
Pick-ups and kickers will be moved during the cooling pracgmchronously with the decreasing
emittance of the beam in order to have best signal to noige r&tvitchable delays allow match-
ing the traveling time of the correction signal to the timdliht of the particles from pick-up to
kicker. The designed system has been proven to provide goptitade and phase flatness in the
band from 1 to 2 GHz.

The antiprotons will be stored for about 10 s and rare is@dpe a few seconds. The required
beam lifetime for these high energy secondary beams canhievad in a metal sealed ultrahigh
vacuum system without baking.

2.3 Isochronous Optics

The third ion-optical mode of the CR is the isochronous @ptithis is a special ion-optical
setting in which the revolution frequency of circulatingngoof one species does not depend on their
velocity spread. In this mode the CR will be operated as a-tfrftight spectrometer for short-
lived exotic nuclei (T, > 20us) produced and selected in flight with the Super-FRS fragment
separator [8]. This technique for mass measurements hasdeseloped at the ESR at GSI [9].
An advantage of this method is that a large number of nuctebeameasured in one experimental
run.

The mass-to-charge ratin/q of the stored ions circulating in the ring can be measurewh fro
the revolution frequencyf ) (or revolution time) and the velocityw) of the ions.
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wherey is the relativistic Lorentz factor ang the transition point of the ring. The isochronous
condition is reached when

y=W. (2.2)

The y can be adjusted to the desirgdalue by a special quadrupole setting. The first isochronous
settings have been calculated to be at the transition erdrijy84 with transverse acceptances of
100 mm mrad in both planes and momentum acceptance of 1%1102]. However, thigs al-
lows the measurements of mass-to-charge ratios only mpde= 2.71 at the maximunBpmnax= 13

Tm [13]. In order to expand the accessible mass region toeestic neutron-rich nuclei, it is nec-
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Figure 3: The chart of nuclides. Experimentally known nuclides arewshas blue squares at the corresponding
proton and neutron numbers. The stable masses are showachkddlor. A predicted astrophysical r-process is shown
as a brown curve. Different sectors indicate the region afeiwhich can be accessed with differgntsettings and
correspondindp of the CR.

essary to reduce the transition energy of the ring furthewéver, the latter leads to an increase
of the dispersion function and correspondingly reducesahgitudinal momentum acceptance. In
addition, the mass analysis becomes very complicated dasitwall number of reliable reference
masses. If at lower energies, the less-exotic isobars fiereift atomic charge states are stored in
the ring simultaneously with the nuclides of interest, atligh energiesy= 1.84) the exotic nu-
clei are produced mainly as fully-ionized atoms and no {#a#ic) isobars are present. Recently,
three isochronous settings with differgnt= 1.43,1.67,1.84 have been calculated in detail. They
have been calculated in such a way, that the injection sclieethe same for all three cases. With
these optics one can cover a wide region of exotic nuclei F&ge3). One can see, that most of
neutron-rich nuclides can be accessed wjith 1.67 setting, and most exotic light nuclei can be
addressed only with the extreme setting corresponding $01.43. The transverse acceptance
in all three setting is 100 mm mrad in both planes. The lomtyital acceptance is smallest for
% = 1.43 mode due to the largest dispersion and corresporfiptp = +0.2%. For they = 1.67
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and y = 1.84 settings the momentum acceptancég p = +£0.4% andAp/p = £0.6% corre-
spondingly. The lattice functions of the three settingsiliustrated in Fig. 4.

After first-order calculation of the isochronous settingedas to correct second-order isochronic-
ity. It can usually be performed with one family of sextupoiagnets installed in the dispersive part
of the ring. After this correction, the effect of the trans@motion on the revolution time becomes
visible. The influence of this effect has been investigateReéf. [14]. There, it has been pointed
out, in order to reach a mass resolving power in the CR 8fth@ transverse beam emittance has
to be restricted to 10 mm mrad in both planes. However, tissaneh has been done in first-order
approximations. Recent investigations show, that an inflaeof the transverse emittance on the
revolution time can be significantly reduced by a chromigticorrection with two families of sex-
tupole magnets. A dedicated Monte-Carlo simulation has peeformed. In the calculations we
have used a beam of 1farticles with 100 mm mrad transverse emittance in bothgslairculat-
ing 100 turns in the CR. The second-order isochronicity vessected by default. A dependence of
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Figure 4: The Bx— (upper picture)By— (middle picture) and dispersion functions (bottom picjuae a function of
the path length calculated for thrgesettings. The dashed black, solid blue and solid yellowesicorrespond to the
% = 1.43, % = 1.67 andyt = 1.84 modes correspondingly.
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Figure 5: The revolution time as a function of the momentum deviati@nly second-order isochronicity is cor-
rected with one family of sextupole magnets (yellow disttibn). Second-order isochronicity and the chromaticity
are corrected with three families of sextupole magnets disttibution). Third-order isochronicity and second-ard
chromaticity are corrected with three families of octupmiagnets (black distribution).

the revolution time on the momentum deviation is presemntdelg. 5. The broad time-of-flight dis-
tribution on the left picture (yellow area in Fig. 5) is gomed by the large transverse emittance and
corresponds to aboutl: 10° in time resolution. By correcting the chromaticity (redtdisution

in Fig. 5) the influence of the transverse motion can be sigifly reduced and a resolution of up
to AT /T ~ 2-107% in a full momentum acceptance range can be achieved. Fumipeovements
can be performed with octupole magnets (see the blackhlittsn on the right picture in Fig. 5).
In that case a resolution of up &7 /T ~ 3-10~' can be reached. Recently, all simulations were
performed not taking into account the magnets’ imperfestiovhich negatively act on the time
resolution. Their influence can be crucial and will be stddied possibly corrected.
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