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The goal of the third phase of the CESR/CLEO upgradmaticity are thereby reduced. Finally, space for an addi-
is to take the CESR luminosity as far as one can go witht@onal magnet for a round beam insertion optics has been
single-ring collider [1]. We expect CESR’s luminosity toprovided as well.
more than double from the presehitc 1032 cm=2s7! to
1.7 x 1033 cm—2s7! asa re§ult of the Phase Il upgraQe. 1 OPTICS

In the present configuration of CESR (Phase ) trains of
closely spaced bunches collide at a small horizontal cros§he Phase Il IR optics, shown in Figure 1, accomodate
ing angle §. ~ +2 mrad). The Phase Il upgrade pro-the various constraints that arise from the required beam
gram relies on increasing the colliding beam current froraeparation in the IR, injection considerations and beam-
the present 0.5A to 1A by exploiting bunch-train collisionggenerated detector background requirements.
to the fullest extent possible. The Phase Ill design calls for As mentioned, the challenge for operating with 14 ns
colliding 9 trains of bunches, each of which consists of Spacing between bunches in a train is providing adequate
bunches spaced by 14 ns. separation at the nearby parasitic crossing points in the IR

The closely spaced bunches in a train generate crossi(gpaced at 2.1 m intervals). In order to minimize the long-
points close to the interaction point (IP) where bunchesnge beam-beam tuneshifts suffered at these crossings the
from opposing beams pass by one another and interabgam separation to horizontal width ratio must be maxi-
To ameliorate the destructive effects of these long rangeized, and the-functions at the crossing points must be
beam-beam interactions new interaction region (IR) opwninimized. The latter feature is accomplished by placing
tics are required. A combination of short focal length andhe final-focus quadrupoles as close to the IP as possible
large physical aperture are optimum in this respect, arsib that thes points are reduced and lie between the IP and
best implemented with insertion optics consisting of twdhe first parasitic crossing point. This solution, made possi-
pairs of high-gradient superconducting (SC) quadrupoldde only with high-gradient SC quadrupoles, maintains the
and a pair of short permanent magnets. The IR quadrupol@dunctions at the IR crossing points below 40 m, a value
will be positioned with a precision beam-based alignmemwhich is comparable to that at crossing points in the CESR
system to ensure stable closed orbits and reduce commis-
sioning time. The SC magnet package also includes skew
quadrupole magnets for detector solenoid compensation 75F 7~~~ "~ T T T T T T T
and dipole magnets to provide precise alignment of the n
magnetic centers within the physical aperture of the vac- 901/ | Flat Beam — B ]
uum chamber. o5 || i - B,

In order to handle the increased heat loads and detector ' eI
backgrounds new detector shielding and IR vacuum charmy, 0 - e -
bers are being constructed. The design of the machingpz
detector interface was based on our experience with t 300 . Round Beam 7
CESR Phase Il IR [2]. In order to facilitate installation 200 '\ i
and maintainence a remotely actuated vacuum seal called A

the “magic flange” has been developed and built. We plan 100+ N - i
to install the Phase IIl IR hardware in mid-2000. (o] == B b

The new interaction region is ideal for various possi- sy £ @ 2 8 3 3
ble future upgrade paths which could take CESR into the WL
1034 cm~2s~! luminosity range. For example, a two-ring 0 5 10 15 20
upgrade [3] would use the large aperture for a crossing an- Distance from IP (m)

gle. An upgrade involving smallg®* would benefit from

the short focal length since the peak beta function and ChrPTgure 1: CESR Phase Ill IR optics witht = 10 mm
S od by the National Sci Foundati (upper) and round-beam optics (lower). Parasitic crossing
TWZFC‘;%T”S ey e oundaton point locations are marked with a star. The trim quadrupole
1 presently at ADC Telecommunications, CT (QR) is powered only in the round beam optics.
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Figure 3: A representation of a cryostat containing two su-
perconducting magnets.

Figure 2: IR layout showing 7 magnetic elements.

arcs.

Constraints on the machine aperture in the IR arise frofvailable further from the IP. The poles are temperature and
injection and detector background considerations. Durifgagnetically stabilized and then individually selected for
injection the beams are separated horizontally at the IP witfformity. I13esp|te a temperature coefficient B, of
a symmetric electrostatic displacement bump. As a resuft0-! % °C"", adequate temperature control can be pro-
increased aperture at Q2 is required. In a crossing-angfié!ed With a simple closed circuit cooling loop and bands
orbit, the beam is displaced in the nearby horizontally fod"0uUnd the outside of the magnet since the PM only pro-
cusing IR quadrupole (Q2). This off-axis beam generatdddes about 23% of the total vertical focussing power.
large synchrotron radiation (SR) fluxes which give rise to One cryostat is installed on each side of the IP and con-
detector backgrounds. To minimize backgrounds, a hor{@ins two multifunctional SC magnets [6]. The cryostats
zontal IP displacement bump is applied, reducing the dié"e Supported and aligned by eccentrically driven cam bear-
placement in Q2 at the expense of increased aperture 89S held by support rails, which are in turn mounted on
quirements. a heavy steel pylon attached to the CLEO detector steel.

The high-gradient quadrupoles provide considerablfe€e Figure 3). The pryostat has a warm bore with an ID of
flexibility in lattice design. For example, considerable lat$145 mm and a maximum OD @$495 mm.
itude is allowed in choosing: for optimizing luminosity. ~ All four SC magnets are identical and consist of three
Figure 1 shows IR optics foB* = 10 mm but optics with independent sets of coils with effective lengths of 0.65 m.

* as small as 7 mm are possible. Further increases in Iihe MQ's are capable of gradients of up to 48.4 T/m at
minosity may be possible with round colliding beams [4]1225 A. The SQ field is about 10% that of the MQ and
With the addition of a trim quadrupole, round-beam optic§uPerimposed on the MQ field. The dipole coils produces a
with 8% = 8} = 3 cm, shown in Figure 1, may be realized horizontal dipole field with a maximum strength of 0.13 T.

The design of the MQ coils was highly influenced by
2 INTERACTION REGION MAGNETS the recently built LEP 200 Interaction Region quadrupoles
[7, 8], especially in choice of bore and conductor. The other
In total there are 14 different magnets arranged symmet®C coils are loosely modeled after corrector magnets under
cally around the IP that form the insertion optics (see Figdevelopmentfor the LHC. To improve training and reliabil-
ure 2). Starting only 337 mm from the IP, vertical focussingty the design current of all magnets is no more than 70%
(VF) is provided by a short set of permanent magne®f the theoretical quench current under worst case condi-
(PM). Most focussing, however, is provided by two pairgions (multiple coils energized and the presence of the 1.5
of strong superconducting main quadrupoles (MQ) whicA CLEO solenoid field).
are arranged in doublets called Q1,Q2. Skew gquadrupolesBecause of the relatively short length compared to diam-
(SQ) concentrically wound on top of each of the MQ effeceter, end effects are proportionally more important. Sev-
tively rotate the main quadrupole field as part of the coweral independent checks were made to be sure the 3D fields
pling compensation for the detector solenoid. Dipoles (Diyom the ends were calculated correctly and the coil de-
concentrically wound on top of the SQ’s generate a horsign optimized for field quality [9]. The basic specification
zontal field for vertical adjustment of the quadrupole fields that all non-quadrupole and non-dipole field harmonics
axes. The entire insertion optics focussing is containeghall be less thahix 10~ of the quadrupole field measured
within £2.55 m from the IP. at a radius of 50 mm.

The PM’s are made from Neodymium Iron Boron with The SC magnets will interact strongly with the detector
intrinsic coercivity H.; of 21 kOe and remnant field,  solenoid magnetic field. Q1 will be totally within the 1.5
of 12 kG [5]. The ID is a constant67 mm but the OD T soleonoid field. The solenoid field and the current in the
is stepped to take advantage of slightly more radial spadéole will generate a very large moment of 12,000 Nm



on Q1. Q2 will have one end in the solenoid fringe fielccoating on the inside of the beryllium beampipe. A
while the other end is essentially field free, resulting in @average thickness coating was applied with a cylindrical
net horizontal force on Q2 of up to 14,000 N. These forcemagnetron sputtering technique [11]. The total average
and moments must be borne by the cryostats and suppofteampipe thickness is 0.4% radiation length.
consequently these constructions are made very robust.  The IR vacuum system utilizes several existing compo-
nents and new components withit6 m from the IP. IR
3 DETECTOR BACKGROUNDS Pumping [12] is'acc'omplished ir! Iarge plenums which iln-
corporate massive titanium sublimation pumps. Pumping
Beam-generated detector backgrounds [2] arise froplenums are located at3 m, £5 m, £7 m, £10 m and
scattered synchrotron radiation (SR) emitted in nearby13 m from the IP. The pressure in the IR will be main-
quadrupoles and bends and from the interaction of beat@ined below 3.5 nTorr at full 1 A beam current.
particles with residual gas in the vacuum chamber (“beam- The inclusion of a pair of remotely operable ultra-high
gas” interactions). Shielding of the detector from scatteredacuum joints about:30 cm from the IP greatly facili-
SR is accomplished by careful placement of mask tips t@tes the installation and assembly of the IR components.
shield the detector beampipe from direct SR and to minWithout this joint, two very difficult field-welds would
mize the scattered photons which strike the detector. Theed to be performed to join UHV flanges to the beryllium
principal component is a stepped copper mask whose prdeampipe subassembly. The magic flange uses a shaft seal
file is designed such that SR illuminates only those surfac&dth differentially pumped o-rings (including one which
which are not directly visible by the detector beampipeprovides the RF seal) in order to eliminate the bulk of the
Thus, the only remaining detector backgrounds arise frogas load which would arise from permeation. The o-rings
SR which forward scatters through the mask tips (“tipscatave been extensively tested for radiation damage and RF
tering”) or which backscatters from the mask surface justealing capability. A compact gear-and-nut assembly pro-
downstream of the beampipe. To further reduce the SRdes the closing and opening forces in the very small space
flux entering the detector, the inner surface of the berylliurallowed.
beampipe is coated with a thin layer of gold. The placement
of mask tips and choice of materials was optimized with a 5 REFERENCES
detailed simulation of SR backgrounds. )
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