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1 INTRODUCTION

The CESR electron-positron collider operates with nine
trains of closely spaced bunches stored in each beam. Dur-
ing the Fall of 1998 the number of bunches in each of the
trains was increased from three to four and the spacing of
the bunches reduced from 28ns to 14ns. A beam current
of 550mA was supported by two single cell superconduct-
ing cavities and two 5-cell copper cavities. We measured a
peak luminosity o8.3 x 1032 cm—2s~! and a beam-beam .
tune shift parameter @f, = 0.05.

The replacement of the remaining room temperature cay
ities with superconducting RF cavities in the next several
months will provide the capability to store a total beam
current of 1A. Because of the very low impedance of the
superconducting RF, we anticipate the longitudinal insta- ¢
bility threshold to be in excess of 1A. And with an acceler-
ating gradient of 20MV/m, the bunch length in CESR can
be decreased from the present value of 19mm to 13mm so
that we can exploit a corresponding decreasg‘inThe in-
teraction region optics will be replaced in 2000 with a hy-
brid of permanent magnet quadrupole and superconducting P
quadrupoles. Magnet gradients and apertures are consistent
with a verticalg of as small as 7mm.
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Figure 1: Pretzeled orbits. The maximum horizontal dis-

placement of the beams from the center of the vacuum
2 BUNCH TRAINS AND CROSSING chamber is about 20mm. The tic marks indicate the par-

ANGLE asitic crossing points of electron and positron bunches cor-

] responding to 9 trains with 4 bunches/train. The bunches
In CESR the counterrotating beams share a common vagithin each train are 14ns apart.

uum chamber. Electrostatic separators are used to differen-

tially displace the orbits of the electron and positron beams : . .
gy . separation of the bunches at the parasitic crossing near-

so that there are collisions of the multiple bunch beams ; . )
est the interaction point. In order to accomodate more

only at the single interaction point. The beam trajecto- . . .

C . : : : . losely spaced bunches the interaction region quadrupole
ries intersect at the interaction point with a small horizonta] . L . .

will be replaced with high gradient superconducting mag-

Errzslsmg angle. The ‘pretzeled’ orbits are indicated in F'gﬁets. With stronger focusing quads, it is possible to reduce
' N .the B-function at the IP without a dramatic increasedn
The length of each train is limited by the pretzel scenari earby, permitting closer spacing and/or higher bunch cur-

0 .
to ?e about 60% cszall b et_flr:ro? h_alfl Wavtf]le?g'éh. TrgEeSXF';SEW%ntS. Schematics of the interaction region optics are shown
optics are compatible with a train fength ot Sons. Figure 2. The existing configuration is designated Phase
operated with trains of three bunches, spaced 28ns apzﬂftand the upgraded configuration Phase Ill

and most recently with four bunch trains, spaced 14ns _ . . L ' .
apart. We have recently discovered that, with the additioln WL::] thz :Eodlflcagon t? tt)he ohpt|c§ n thﬁ ?rqs, the ga'T‘
of a pair of quadrupoles, the lattice optics can be modifie§ 19" and he nUmDEr o1 bunches in each train can be in-

to improve the separation efficiency, and the length of th%retisseg”f SZ' dgc\;\ézggqntlatnt:ﬁ Sne:(':.':tertzzt'ﬂnnﬁge'fgf
train increased to 70ns. The quadrupoles will be installed" wad in bu spacing, u
this summer. bunches per train could be further increased to as many as

The long range beam-beam tune shift due to a near mitsvxslelve. Bunch lengthening effects tend to scale with bunch

. . . current and higher order mode dissipation in RF cavities,
iS, AQh,y X Ib% The minimum spacing of bunches 9 b

L i . . : transitions, sliding joints etc. with the square of the bunch
within the train is determined by this effective transversg,irent. The flexibility to increase the number of bunches

*Work supported by the National Science Foundation and decrease the bunch charge may prove valuable in opti-
T Email: dir@cesr10.Ins.cornell.edu mizing luminosity.
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beam tube outside the cryostat. The Q values of higher or-
\ Phase || 1 der modes are less than100.
horizontal 8 1 RF power is transmitted into the cavity through a waveg-
T T verteal 6 uide input coupler and a planar ceramic waveguide win-
dow. The cavities are designed to operate at a gradient
of up to 10MV/m while transmitting 325kW to the beam.
Four cavities will support a 1A beam with a bunch length
of 13mm.
Phase I | The second superconducting cavity was installed in

—_—_tetzenta 61 CESR in October 1998. Within a month of installation the
/N 1 new single cell cavity was delivering 220kW to a 550mA
SNe—— 1 stored beam. In February 1999, the remaining multicell
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meters
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fLa] Rz . . . . - - [SE 1 cavities were removed from the ring and a third SRF cavity
0 ! 2 Jd,‘sto‘;ce ffom ‘PG () 7 8 9 10 jnstalled. The principle objective of the April 1999 com-

missioning run, is to determine the threshold for longitudi-
nal multibunch instabilities, in a machine with exclusively

Figure 2: Upper plot shows optical functions in Phase Il IRsingle cell superconducting cavities. The fourth SRF cavity

With superconducting quadrupoles (Q1 and Q2) in Phasill be installed in CESR in August 1999.

lll, 8} ~ 10mm andp, at the parasitic crossing 7ns(2.1m)

from the IP is30m.

0

5 BEAM-BEAM PERFORMANCE
3 LONGITUDINAL INSTABILITY The zero current vertical beam size is a result of residual

A longitudinal coupled bunch instability is excited by hightransverse coupling and it may evolve a current dependence

Q parasitic modes in the normal conducting multicell RI{jue to the existence of synchro-betatron sidebands of the
horizontal and vertical difference resonance. Displacement

accelerating cavities[1]. In addition, a longitudinal coupledOf the orbit from the midplane of the sextupoles is an im-

Sgn.ih fmr?gsrfeﬁi(;;l[t;]d 3\3// t'rr:tg]reac;go?aggtr:gntieoafTh\g':gc:h ortant source of coupling. The coupling introduced by the
vity 1u - Wi P xperimental solenoid is compensated by rotations of the

itﬁmgz\ﬁg;e ?Hgi!t(;?\?'rﬂezo\;\g:ls'2?I&giﬂ:;;ﬁ:&g?ﬁwteraction region quadrupoles. The crossing angle con-
de?crease b1 a factor of fﬁ‘teen and all of the high Q ara|_guration results in an equal but opposite horizontal dis-

. ye g 9 P placement of the beams in the rotated quadrupoles which
sitic modes will be eliminated.

| ) ¢ a lonaitudinal K Ieffects an equal but opposite vertical kick on the electron
Implementation of a longitudinal feedback system al; .y ositron beams. Errors in the solenoid compensation

lowed an increase in current well beyond the instability.,, vielq differential vertical displacement of the beams at
threshold[3]. The system consists of a receiver, a digit e IP and through the arcs

filter processor, power amplifier, and kicker. A horizonta In CESR there is no straightforward mechanism for in-

stripline kicker couples to the longitudinal motion of thedependently adjusting the vertical orbits of the two beams.

beam. There IS f|r]|te dlspersmn in the lattice at the IOCatIOOertical separators located about the crossing point diamet-
of the kicker. A differential pulse on the two plates of the

iol i horizontal kick that dri the b rically opposite the interaction region provide some lever-
stripiné generates a horizontal kick that drives the bea ge. But any such remote adjustment of the vertical orbit at
longitudinally by modulating the path length of the beam

. i . ..the IP necessarily involves an intervening orbit ripple that
Qggﬁ;%and analog power amplifier drives the kicker dIféxtends through the machine arcs and in particular through

) N ) ) . the sextupoles. During the most recent running cycle, diag-
The instability excited by the cavity fundamental isyqgtic instrumentation and software has enabled us to sys-
damped by modulation of the RF cavity drive. tematically correct the solenoid compensation so that colli-
sions can be maintained without distorting the vertical orbit
4 SUPERCONDUCTING RF in the machine arcs [5].
The displacement of the trajectories of the counterrotat-
A single cell, superconducting RF cavity system has beang beams in the distributed sextupoles results in distortion
developed to support the high current multiple bunclof the lattice functions. The effective focal length of a sex-
beams in CESR[4]. The accelerating mode resonatestapole is proportional to the beam displacement, and since
500MHz. The impedance in the fundamental of the singlelectrons and positrons are displaced in opposite directions,
cell cavity is 1/15 of the 5-cell copper cavity that it replacesthe distortion is different for the two beams. We have found
Due to the open geometry of the cell and large beam tubat beam-beam performance is especially sensitive to de-
the R/Q of the higher order modes is small. Furthermoréails of the sextupole distribution, (all of the CESR sex-
all of the higher order modes propagate along the 24cm didpoles are powered independently) and have developed
ameter beam tube to ferrite absorbers that line that sarapalytic algorithms for creating the distribution. In partic-
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ular, sextupoles are chosen that will minimize dependendée parameters describing the CESR configuration (CESR
of g-functions on pretzel amplitude, energy offset, and hoPhase 1) and performance in early 1999 are summarized

izontal betatron amplitude, and of coupling parameters

vertical betatron amplitude. Of course it is not possible td442pb—1.

an Table 1. For the 1998 calender year CESR integrated
In December, 1998 CESR deliverggopb—!

simultaneously eliminate all of the dependencies. A conte the CLEO detector.

promise is guided by simulations and experiments.

10 ‘ ‘ ‘ ‘ ‘ 0 6 PHASE I
o The CESR Phase Il design parameters are summarized in
9 - - .09 Table 1. With four superconducting RF cavities, CESR
will have the capability to store 500mA/beam in nine
8 - .08 trains of as many as 5-12 bunches. After the installa-
% tion of the superconducting IR quadrupoles [6] in 2000,
VA — .07% the practical minimum3; will be limited by the natural
0 ‘ bunch length to 13mm. A beam-beam tune shift param-
c‘wm 6 o -1 06T eter of¢, ~ 0.04, and 500mA/beam yields a luminosity
= o ~ 1.7x10¥cm™2s~!. CESR operates at present with
& 5 — 053 a tune shift parameter &, = 0.05, 260mA/beam and
'S o N — By = 18mm. If we can preserve the high tune shift with
< 4 b - 042 the increased beam current and redugégdhe luminosity
N . will exceed2 x 1023 cm—2s71,
3 - - 03>
o & - Table 1: CESR Parameters
2 = o gv - 02w January| Phase llI
1999 2000
T - .01 beam energy[GeV] 5.289 5.289
5-cell copper cavities 2 0
0 | | | | | .00 single cell SRF cavities 2 4
2 3 4 5 6 7 8 RF accelerating voltage[MV] 6.0 7-12
average bunch current (mA) B [mm] 18 13
natural bunch length[mm] 19 13
Figure 3: Luminosity and beam-beam tune shift parameter humber of bunch traln_s 9 9
vs bunch current. number of bunphes/tram 4 5-10
bunch spacing [ns] 14 6-14
CESR Peak Luminosity peak colliding beam current [A] 0.550 1
10 ; ; T T ; Y crossing angle [mrad] 2.3 2.7
_ vert tune shift param 0.05 0.04
9 gl ] luminosity[x 1032cm—2s7!] 8.3 > 17
(%]
g 6 | -
g
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Figure 4: Peak luminosity during the course of the upgrade

The measured current dependence of luminosity an
beam-beam tune shift parameter is shown in Figure 3. The
peak luminosity, indicated in Figure 4, and daily integrated
luminosity have continued to rise with increasing bearﬂa]
current and beam-beam tune shift parameter. The max-
imum total beam current brought to collision is 530mA.
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