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1 INTRODUCTION ture for the crossing angle trajectories. Maximum excur-
sion of the separated orbits occurs in the horizontally fo-
gusing interaction region quadrupole. By moving the hori-
ontally focusing quadrupole nearer to the interacton point,
e peak horizontab is reduced from 100 mto 70 m. In
addition, we increased the physical horizontal half aperture
HBm 70 mm to 82 mm. (At the interaction poifif=18 mm
ands;=1.1 m.) With this modification, the limiting aper-

) X 1 fre is shifted to the diametrically opposite point of the ma-
Fig. 1 D_urmg the 1996 calender yeara total of 2.69'fh chine. The increased aperture reduces the sensitivity of the
was delivered to the CLEO experiment at center of Ma%fetector to particles lost during the injection process and

energies on or near iy, resonance, 5.3 Gevibeam. Into background associated with colliding beams. The in-

February 1997, our most recent full month of operation, Weraction region optics will be modified again when super-

1 o ;
logged 443 pb . Total current is limited by a multlbupch conducting quadrupoles are installed next year in Phase I

Bf the luminosity upgrades-functions as they exist today
(Phase 1) and as modified for Phase Il are shown in Fig. 2.

The Cornell Electron Storage Ring operates with train
of bunches that collide with a horizontal crossing angl
of £2.1 mrad. CESR has achieved a peak luminosity q
4.1 x 1032 cm~2s~! with a total current of 320 mA and

nine two-bunch trains in each beam. The beam-beam tu
shift parameter saturates &t ~0.04 The current depen-
dence of luminosity and tune shift parameter are shown
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. _ . ) Four horizontal separators generate a differential closed or-
Figure 1: Luminosity and beam-beam tune shift parameyi; gistortion. The storage ring optics are symmetric with

ter at 5.3 GeV with nine two-bunch trains in each beamggpect to the diameter that includes the interaction point.
Bunches within each train are 42 ns apart. The separators are arranged in pairs about the symmetry
axis with equal but opposite voltages. The differential or-
2 OPTICS bits are antisymmetric with-2.1 mrad horizontal angle and
zero displacement at the interaction point. The crossing an-

During an exten'ded shutdown in 1995 to mstall a §|I|corb|e provides for separation of the closely spaced bunches at
vertex detector in the CLEO detector, the interaction rehe parasitic crossings near the interaction point

gion optics were modified to increase the effective aper- The quadrupole optics are designed so that the closed or-

*Work supported by the National Science Foundation bits minimize the long range beam-beam interaction at the
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multiple parasitic crossings in the machine arcs that arise
with 9 trains of bunches. The number of trains is con- 450
strained by the number of horizontal betatron wavelengths

around the ring. The closed orbits are shown in Fig. 3. The 40
horizontal tune is 10.52.
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Figure 3: Electrostatically separated, crossing angle orbitggyre 4: Luminosity and current for 5 February 1997. In-
can accomodate nine trains. Maximum train length is 56nggrated luminosity for the day was.6pb~1.

corresponding to 5 bunches per train spaced 14 ns apart.
Tick marks indicate parasmc_ crossings that occur with 2 5 CURRENT LIMITS
bunches spaced 28 ns apart in each train.

5.1 Collective effects

4 INJECTION Instabilities arise in CESR due to distributed ion pump

Various modifications to the injector and storage ring dudeakage voltage and parasitic cavity modes. Photoelectrons
ing and subsequent to the 1995 shutdown have lead to ifate trapped in the electric field that leaks through the pump
provements in injection rates. slots in the dipole magnets[2]. Trapped electrons resonate
In the linac the positron converter and pulsed solenoi#ith the multiple bunch beams. The effect is dramatically
assembly were replaced. Solenoid misalignment was elirfeduced by operating the pumps at 2 kV rather than the
inated. Failed DC focusing solenoids located directijlominal 7 kV. Pumping speed is essentially unaffected by
beyond the target were also replaced. InstrumentatidR€ change in voltage.
was implemented to allow fine tuning of gun pulser de- A broadband horizontal feedback system independently
lay for compensation of prebuncher loading[1]. A pair ofstabilizes bunches spaced as few as 14 ns apart via a
quadrupoles in the synchrotron were relocated to redus#ipline kicker. The horizontal feedback permits operation
dispersion and increase energy aperture of the acceleratith chromaticity at or slightly less than zero. Dynamic
Injector positron current has increased by a factor a five. aperture is greater with the weaker sextupoles. A vertical
Electrons are injected into CESR after the storage rintgedback system with similar capability is installed but not
is filled with positrons. The electron bunch is injected iryet required in normal operation.
the horizontal plane executing betatron oscillations about At present total beam currentis limited by a longitudinal
the closed orbit of the stored electrons. In the reconfiguredstability[3]. The instability threshold is sensitive to spac-
optics, the effective horizontal aperture in the interactiomg of bunches within the train. A consequence of our RF
region is significantly increased. In addition, the closediumerology is that bunches are necessarily spaced in mul-
orbits have been manipulated to increase the aperturetiples of 14 ns. Allowed spacings for operation with nine,
the arcs for the injected bunch, and to increase separatitwo-bunch trains include 14 ns, 28 ns, 42 ns, or 56 ns. The
from the counter-rotating positrons at the parasitic crossitdR ns spacing yields the highest threshold for the instability
points. of about 280 mA in a single beam. Additional dependence
Filling rates are 45 mA/minute for positrons andof the instability threshold on RF cavity temperature and
90 mA/minute for electrons. Twelve bunches are accebrbits within the cavities indicates that higher order cavity
erated in each synchrotron cycle. Luminosity and curremhodes are the relevant impedance. Calculations of insta-
measured in a 24 hour period is shown in Fig. 4. The lengthility rise times, based on measured frequency and Q, and
of each runis 75 minutes. The time from the end of one rucomputed R/Q of cavity modes are consistent with depen-
until the start of the next is 10 minutes. dence of thresholds on current and bunch spacing[4].
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We have implemented longitudinal feedback based dpe replaced so that we can collide 500 mA/beam with nine
the signal processing and kicker of the horizontal feedbadkains of as many as five bunches. The four 5-cell room
system. Finite dispersion in the kicker couples horizontdemperature RF cavities will be replaced with four single-
kick to longitudinal motion. The effective longitudinal kick cell superconducting cavities[8]. Each of the superconduct-
is about 140 V. With the existing feedback the instabilitying cavities will be capable of coupling over 400 kW to the
threshold is increased to a total current of about 330 mAieam. Because of the large open geometry of the super-
Work is continuing to improve the sensitivity of the pick-conducting cell, the high gradient and excellent damping of
up to the longitudinal motion and to assemble an amplifigrarasitic modes, the effective higher order mode impedance

capable of producing a 1400 V kick. of the superconducting system is about 1/10 of the existing
structures. We expect that the threshold for longitudinal in-
5.2 Parasitic long range beam-beam effect stability to correspondingly increase. With processing and

We anticipate increasing the number of bunches in ea&gerating experience we anticipate attai_nipg t_otal accgler-
train from two to three as performance of the Iongitudina?t'ng yoltage nearly double that of the existing installation.
feedback system permits. With 27 bunches in each beamDu”ng. ol sh'utdown' for upgrade of thg CLEO detec-
there are 53 long range parasitic interactions of the couH?_r’ the |nteract|on region quadrupoles will be replacgd
terrotating bunches. There is an observable dependence"‘ﬂ?h superconquctmg magnet§[9]. The supercopductmg
various optical functions of one beam, on the current anguadrupoles will be arranged in pairs. There will be a

spacing of bunches within the opposing beam(5]. We fin orizontally and vertically focusing magnet in each of

that the long range effect can be compensated but that e dcryosltats..” Q vertically dfocushmg permqnent magne(;
ing for best luminosity is very different for single and mul-guadrupole will be mounted on the mteraction point en
tiple bunch configurations. of each of the cyrostats[10]. Thefunctions, (3;=10 mm,

Measurements with a single high current positron beaﬁzl m) are shown in Fig. 2 (Phase I1l). Parasitic crossings

of multiple bunches, and one or two noncolliding bunche CC”Lat 2.1m,4.2 r;],ltztc., from thel\;nterar?tlor;lgqomt if the
of electrons indicate tolerance to nonlinearities of the par unches are space ns apart. Note thafithenction

sitic forces. We measure the lifetime of a single two-buncht the crossing points is 40 m or Igss, and consequently no
train of electrons in the presence of 270 mA of 8 two-buncﬂreater. thgn at typlcal crossings in Fhe chhlne arcs. The
trains of positrons as a function of total separation ampli€ar Miss in the interaction region will not limit bunch cur-

tude. The bunches of train one of electrons collide witfie"t . . . -~
none of the bunches in trains 2-8 of positrons at the in- Machine parameters in present operation and anticipated

teraction point. We find no effect on positron lifetime forwith the installation of superconducting RF and interaction
separation amplitude of 70% of the maximum consisterf£9'o" quadrupoles are shown in the table.

with the machine aperture. The measured dependence S ameter Today | Phase Il
required separation as the fourth root of total current sug- g (mm) 18 13
gests an upper limit in excess of 500 mA/beam|[6]. Br(m) 1.1 1.0
Horizontal emittance(mm-mrad) 0.21 0.21
5.3 Electrostatic separators Bunch length(mm) 19 13
Accelerating voltage (MV) 6 12

There are four horizontal and two vertical separators re- :
. . Number or trains 9 9
quired to separate the electrons and positrons at all of theg

T . - - unches per train 2 5
parasitic crossing points. Vertical separators one half @gnch spacing 42ns | 14ns
vertical betatron wavelength apart displace beams at therotal beam current(mA) 160 500
crossing opposite the interaction point. Photoelectrons aresynch. radiation power(kW) (2 beams) 350 1100
produced in the synchrotron radiation absorbers. We oly-Peak luminosity £ 103?cm=2s~1) 4.1 >10.0
served instabilities due to the resulting photocurrents in the
vertical separators. Permanent magnets were installed on 7 REFERENCES
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