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Abstract 2 OPTICS AND ORBITS

We describe a very high luminosity electron-positron Col:I'he trajectories of the beams as they extend from the inter-

. . : .~ action point to the first dual aperture magnet are shown in

lider that operates in th&,, energy range. Trajectories _.

: ) X X Fig. 1. The quadrupole magnets Q1 and Q2 are the same
intersect with a small horizontal crossing angle so that ) . X

magnets that are being assembled for installation as part of

closely spaced bunches collide only at the interaction poir&the Phase Ill upgrade[2]. The 4 meter long separator kicks
An electrostatic deflector steers the counter-rotating bea%s '

into side-by-side vacuum chambers that share a commg € beams onto the axes of a dual aperture quadrupole (Q4)

dipole guide field. The beams also share superconductinBm from the interaction point, where the beam to beam

RF accelerating cavities. Independent focusing and Chr;gparatmn is 8Imm. The separator voltage is comparable

o that of the horizontal separators now in service in CESR.

mauqty correction is provided by dual aperture Su.per.co.rklote that at distances greater than 2.1m from the IP the
ducting quadrupoles and sextupoles. The machine is in-

stalled above the synchrotron injector in the CESR tuns_eparatlon of the beams is always at |edkt,. Bunches
can be uniformly spaced every 14ns.

nel. The existing storage ring can remain for service as an_l_h hout th tofth hine the b traiectori
accumulator or dedicated synchrotron light source. With roughouttne rest of the machine the beam trajectories

3A/beam in 180 bunchesi* — 7mm, beam-beam tune are on the respective axes ofthe.dual aperture quadrupolgs.
shift paramete¢ = 0.06 and beam energy of 5.3GeV, WeIn contrast to present day operation of CESR, where multi-
anticipate luminosity o8 x 10%cm =251, bunch peams share acommon aperture, there are very few
parasitic long range interactions in the dual aperture ma-
chine. The tunes, orbits, chromaticities, coupling etc.,
1 INTRODUCTION of the beams can be independently manipulated. And

nowhere do the trajectories explore the fringe fields of sex-

Luminosity projections for the dual aperture machine arg,sjes, skew quads, or dipole correctors. We expect that
based on straightforward extrapolation of CESR parameyis qualitative improvement in the optics will translate to
ters. At present we store trains of bunches in a single ring,anced beam-beam performance.

that collide at a small horizontal crossing angle[1]. We
propose to increase the number of bunches, spacing them *
uniformly rather than in trains, to increase the current in
each bunch, decreagt, and to increase the beam-beam
tuneshift parameter. The parameters of the dual aperture
machine, and CESR parameters as it operates today, are
shown in Table I.

ke
@ separator soft bend
b

Table I. Dual Aperture Machine

horizontal displacement (m) (x 1072)
0

Parameter CESR | New Machine M o T TIT T T T e TS
Number of SC cavities 10 o | positrons ~ .-~
E[GeV](beam energy) | 5.3 5.3 } T DT cdlectrons
I,:[A](current/beam) 0.16 3.06 " 2 4 6 C W'Z w'4 1'6 1'8 o
ny(number of bunches) 18 180 distance from IP (m)

Iyuncn[mMA](current/bunch)] 9 17
Sp[ns](bunch spacing) 42 14 Figure 1: The crossing half angle 2s3mrad. The sepa-
g*[mrad] +2.1 +2.3 rator kicks the beams:1.9mrad. The beams are 81mm
 [mm] 18 7 apart at the dual aperture quadrupole 20m from the IP.
B Im] 1 1
oi[mm](bunch length) 19 7

en[10~7m] 29 2 3 ACCELERATING CAVITIES
Psr[MW](per beam) 0.176 3.4 The beam current and reduced bunch length are supported
Ve[MV](cavity voltage) 6 24 by increased RF power and accelerating voltage. With the

33 & o 0.04 0.06 development a high power, 500Mhz waveguide window,

L[10%em s ] 0.41 30.2 each of the single cell superconducting cavities can deliver
800 kW to the beam at a peak voltage of 3MV. Four super-
*Work supported by the National Science Foundation conducting RF cavities will be installed in CESR during the
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next year for the Phase |1l upgrade/citepadamsee. Ten cellsThe two vacuum chambers must be separate and have
are required to store 180, 17mA bunches in each beam witlircular cross sections where they pass through the dual
bunch length of 7mm. bore quadrupole magnets. This circular cross section must
In order to obtain the highest accelerating voltage in eadhe maintained through the dipole magnets as well to mini-
beam with the fewest number of cells, both beams circulataize the coupling impedance. A Ti sublimation pump sup-
through the same set of cavities along parallel orbits thglements the distributed ion pumps in the chamber to im-
are displacedt-40.5mm from the cavity axis. The beam prove the pumping speed at low pressures. The conduc-
tube radius of the cavities is 120mm. The impedance d&nce of the pump slots is well in excess of that needed to
the superconducting RF system is very low. Each cell hamaintain the necessary linear pumping speed. The cham-
a large aperture. The R/Q of the higher order modes is lobers in the quadrupole magnet packages however, must be
and there is excellent damping. Finally, very few cells arpumped through their ends with lumped ion pumps. The
required. It appears that deflecting modes excited by trmnductance of the pipe requires that the unpumped region

off axis beams will be tolerable. be no longer than 1.3 m. Recent experience with syn-
chrotron light sources [4] indicates that it may be possi-
4 VACUUM AND IMPEDANCE ble to install the chamber without ansitu bake, reducing

The vacuum chamber must be capable of handling Iarége need for sliding joints, and the associated the coupling

synchrotron radiation heat load, maintaining a long beanii’Pedance.

gas lifetime, and must minimize the coupling impedance t .

avoid beam instability. 2.2 Impedance and Stability
The loss factors for critical vacuum chamber components

4.1 Vacuum system for a bunch length of 7mm are substantial. Total higher

Synchrotron radiation parameters derived from the overadrder mode power disspated in separators, RF cavities,
machine parameters are listed in Table II. The linear arfotches, scrapers and beam position monitors for a 3A
surface power densitites are sufficiently low to allow thdeam is estimated to be nearly IMW. The beam is pre-
use of an extruded aluminum chamber. However, we aflicted to be stable against all single- bunch instabilities and
considering the use of a formed copper chamber for imfongitudinal coupled bunch instabilities because of the use
proved synchrotron radiaton shielding. To withstand thef very low impedance superconducting RF cavities. The

power density in the higher field “hard bend” magnets nedteéam will be transversely unstable due to the resistive walll
the interaction point copper chambers are required. The giBpedance, and will require active feedback of the type cur-
load in the vacuum chamber comes almost entirely frofently in use in CESR. The beam is predicted to be stable
the photodesorption from the chamber walls. If we requir@gainst the fast ion instability. The photoelectron instabil-

a beam-gas lifetime of 3 hours at an ultimate photodesorfly iS expected to be weak because of the relatively large
tion coefficient of2 x 10~6, the average linear pumping bunch spacing.

speed in the storage ring arcs museBel — s~ —m™1,

as summarized in Table II1. 5 ARC MAGNETS
Table II: Synchrotron radiation parameters in arc magnetghe arc dipoles will be conventional resistive magnets. The
Parameter Value width of the dipoles is sufficient to accomodate both beams,
Beam energy§el) 5.3 with a beam-to-beam separation of 81lmm. Parameters of
Current per beam/) 3.06 the magnets are given in Table IV.
Normal bengl radius¢) 88 Table IV: Dipole magnet parameters
Vertical beam divergencgfad) 30 ,
Radiation divergencgfad) 54mm Parameter Requirements
Total divergencefrad) 62 Number of magnets 140
Beam chamber radius{mn) 27 Magnetic length 3200mm
Minimum radiation stripe widthrn) 0.135 Field 0.247
Maximum linear power densityc{V/m) 4.39 Pole width 300 mm
Maximum surface power densityi(/mm?2) | 13.0 - Gap 65 mm
Good field aperture(0.05%) 135mm X 54 mm
Table Ill: Vacuum parameters in arc magnets Ampere-turns/pole 6000 A
Parameter Value Current GOOkA
Photon emission rata{1m 1) 2.4 x 1019 Power 10.9 kW
Photodesorption coefficient 2 x 1076
Outgassing rates( 'm 1) 47 % 1013 5.1 Quadrupoles, Sextupoles and Correctors
Required beam-gas lifetime (hours) 3 The requirement for closely-spaced dual bore quadrupoles
Average pressure0- equivalent)(Torr) 6.4 x 10~° in the two ring symmetric collider arises from the desire
Average linear pumping speett 'm—1) 230 to minimize, as much as possible, the separation of the
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beams in the two rings. Minimizing this separation allowsuperconductor will be used for the current lead transition
not only the quadrupoles but also the dipoles to be smallé¢n room temperature.

This results in less costly and simpler magnets. The limited An alternative high temperature superconductor (HTS)
space available in the existing tunnel for the new rings pradesign is being explored[6].

vides an additional motivation to keep overall dipole and

qguadrupole cross section small. Furthermore, the difficul- 6 INJECTION

ties of beam separation as the beams emerge from the in- i ) .
teraction region is minimized with a small beam separa-l-_able VI summarizes the requirements on the injec-
tion. The goal for the beam-to-beam separation in the cuﬁ‘—?r system. The current performance of th'e Cornell
rent design, 81mm, requires a sufficiently high current der-inac/synchrotron complex is adequate to satisy the re-

sity that a normal conducting solution for the quadrupole U|r§me|r_1|ts mdmatehd |nL_Tab/Ie Vl,hon a charge-per—lbunch
would have prohibitively large operating costs. Thusa s _af|si4 bower\]/er, the 1;3%“ sync rlot.ron nrt])w accl:e erates
perconducting coil design is the only practical and afford®™Y unches, not 130, per cycle; so the total current

able choice. Table V presents the parameters of the sup ust be mcregsed by a fa}gtor of more than 1_0' There may
conducting quadrupoles. e some multibunch stability issues which will need to be

solved in this mode of operation.
Table V: Quadrupole magnet parameters

Table VI: Injector requirements (per species)

Parameter Requirements Parameter Requirementg
Nqugbﬁ;t?Z rlgig:f ts 38%?11m Bunches per synchrotron cycle 180
Figld radieglt 10T/m Particles per bunch 2 x 107
Pole i gdiameter 20 mm Total particles per synchrotron cycle 3.6 x 10?
gap 65 mm Transfer efficiency 90%
i Fill time (minutes) at 60Hz 5
0
Good field aperture(0.05%) o4 Total particles in storage ring 6 x 103
Ampere-turns/pole 6750 A
S:urrent . 150 A The existing transfer lines from the synchrotron to CESR
Heat leak{.6°K to 300° K)Power 2W need to be modified by the insertion of a switching dipole

The quadrupole is shown in Fig. 2. A prototype has beeﬁ: each line. New transfer lines, starting from this dipole,
. C ) en bring the beams up to an injection system into the two-
fabricated and tested[5]. The warm bore tube is wat g up et y I W

. . . ) ?fng collider. In this scheme, positron beams can also be
cooled. The coil was fabricated from NbTi operating at ansferred from CESR into the two-ring collider.

4.6° K. The cryostat contains inner and oufe¥; shields,

and multilayer insulation. The combination of a rectangu-
lar coil cross section, and a hyperbolic shape for the iron,
assures excellent field quality over the 54 mm diamter ap€gt] Rubin,D., session 8WS5, these proceedings

ture. The required field quality has been measured in tiIQ] Welch,J. et.al., session 3P17, these proceedings.
prototype.
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Figure 2: Dual aperture superconducting quadrupole mag-
net.

Adjacent to each quadrupole will be a sextupole and a
dipole corrector. These magnets will also be superconduct-
ing, and will be packaged in the same cryostat with the
guadrupole. Each quadrupole, sextupole, and dipole cor-
rector in the ring will be separately powered. To reduce the
heat leak due to the multiplicity of leads, high temperature
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