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Abstract coupling created by skew-quadrupole fieldcannot be
simply corrected bytwo appropriatelyplaced skew quads
since not only the coupling vector phases but astical
betatron phases must b@atched. Because othe vertical
correctors’ poor fringe fieldjuality their strengthmust be
limited for reliable beam-beam performance.

Increased alignment demands extend tovacuum
chambersalso since synchrotromadiation power can
increase to dangeroudevels when chambers are
misaligned.

For a given ringand optics, luminosity may be
guantified bytwo parameters total beamcurrent and
beam-beam parametgmoportional to luminositydivided

1 CESR LUMINOSITY by a geometric mean of. the two .beam currents. The
beam-beam parametef, is most directly affected by
While accurate alignment of magnetic elements ismagnet alignment. Unintentional couplindispersion,
essential forgood performance imall accelerators, the gnd beta function errors directly affect&, as do

multi-bunch operation of CESR placedditionaldemands unnecessarily strongorrectionmagnets (e.g., t@orrect
on magnet alignment. Most of the tworders of vertical orbit errors).

The Cornell electron-positron storage rinCESR)

luminosity has increased byfactor of >3 ovetthe last 3

years with a peak luminosity #.0x10% cmisect and a

recordintegrateduminosity of 750 pid for one month.

This increase inluminosity is in partdue to improved

alignment of magnetic elements. Operation witbretzel

[1] orbit in multiple bunch mode places particular
importance on alignmerttecause othe side effects of
magnetic correctors. We repothe improvements in
alignment and estimate theeffects on colliding beam

performance.

magnitude increase IrCESR luminosity since initial Effects on beam currenill be less direct if an
operation has beedue tousing many bunches iBach unrelated phenomenon limits currents.  Otherwise
beam [1]. resonances and dynamic aperton@y reducebeamcurrent

The interaction between counter-rotating bunchesdue to magnet alignment errors.
primarily through longrange electromagnetfilds, must
be limited at all parasitic (i.e., nattendedfor collisions) 2 ALIGNMENT OF CESR
crossing points toavoid dilution of the beams’phase
space density and resonance induced particle losses.
only a single vacuunchamber is available iICESR the
interaction is reduced by establishing separate clodegits
for the two counter rotating beams by means og
electrostatic separators. These sepavdiés follow large
(~15 mm peak) pseudo-sinelikbetatron trajectories
around the complete circumference.

Since the beamsre far from the centerline of the
magnets (with oppositéisplacements) fomost of the
circumferencesensitivity to nonlineafields is increased
and corrections are more difficult since electrons and
positrons are affected differently. Horizontal-vertical

There are 84 dipole and 102 quadrupole magnef&iSR.
Slﬂ%a verticalheight, radial position, and rotation of the
CESR quadrupoles areoutinely measured andligned to
liminate anyunwantedorbit distortion of the CESR
eam. Recently the dipole magndtave also been
aligned aswell. By aligning thequadrupole andlipole
magnets in CESR wéave reducedthe dependence on
steering magnets needed for orbit correction.
Measurement of the magnetic elementCIESR isdone
with conventionaltechniquesand is described in detail
elsewhere [2,3,4]. In thipaper a brief description of the
method will be described andthe accuracy of the
measurement will be quoted.
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magnets in CESR@) before alignment and (b) after
alignment.

Detector Number
Figure 2. TheCESR zero correctothorizontal orbit (a)
. , ) , before and (b) after aligning the quadrupole magnets.
The vertical height of magnetic elementsisasured

using an optical level. This technique haguadrupole to Rotatedquadrupoles introduceoupling between the
quadrupole accuracy of ~5 mils. The rotation (or level) ¢forizontal and vertical planes which results inirsrease
magnetic elements isneasuredusing anelectronic bar j, the vertical beam sizend reducethe luminosity. A
level. Thebar level has amaccuracy of~0.1mrad. The performancebenefit thatcan be attributed tdeveling the
radial measurementonsists ofwire measurements thatquadﬂmdes iNCESR is thereduction of transverse
relate eachmagnet to the magnets on either side. Thﬁ)upling. To measure coupling in CESR a normatle
radial positioning can be done te-20 mils rms. The of the beam is coherentlgxcited by a shakeand the
alignmentdata is analyzech_smg a series otomputer (e|ative phase and amplitude thie two normalransverse
programs thahave been written specifically fABESR. (vertical and horizontal) modes is measured [5]. Ftois
Figure 1 is the rotation of the CESfiadrupolemagnets measurement the couplingansfer matrix C can be

beforeand after the magnetsvere aligned. It should be ) el _ .
determined. The Cy term of the 2x2 coupling matrix

notedthat when theCESR ring isalignednot all of the
magnets are moved, only the ones tratoutside of our wasmeasured beforand after the quadswere leveled and
the results are shown in Figures 3.

prescribed tolerances.
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coupling of CESR, and (iii) theorrectorstrengthsduring
colliding beam physics. These quantities directlgffect
the performance ofCESR byinfluencing thebeam-beam
tune parameterg.
before and after quadrupole magnets were align€dESR
andrepresenthe type of improvement on&ould expect
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by aligning the quadrupole magnets. Figure 3. C,, at each detector aroutide ringmeasured

T_he zero correctoorbit is the beam orbit _with all a) beforeand (b) after the quadrupoles werteveled. The
steering correctors turned off. If all the magnetic elemenigs value is 4.3%eforeand 1.8% after the quadrupoles
were perfectly alignedwith ideal fields then the zero were aligned [6].

correctororbit would be zeroand the beamwould travel
through thecenters ofthe beamdetectorsand magnets.
As an example, Figure 2 is the horizontato corrector
orbits before and after the quadrupole magnets alepeed
in CESR. The rms horizontakero correctororbit went
from 5.30mm to 4.52mm by aligning thquadrupole
magnets. Wehave not been as successfutducing the
vertical zero correctoorbit. During the samquadrupole
alignment period the rms vertical zarorrectororbit went
from 5.56mm to 5.60mm.

Several commentsan bemadeabout the coupling
results. 1) The coupling measurements shawere made
with the skew quadrupoles turnedoff so the two
measurementgare on equafooting as far as coupling
goes. 2) During the down period the back-leg windings of
some of thedipole steeringwvere moved awayrom the
beam-pipeand that might have reducedthe coupling in
addition to leveling the quadrupoles. 3) Both
measurements have significagiobal coupling (long
wavelength) but théocalizedcoupling (shortwavelength)



is greatly reduced after the quadrupole magnets were parameteand wewill try to correlatethe increase in the

leveled. beam-beam parameterand hence luminosity, with
magnetic alignment.
i E— 1 L s 3 1 The beam-beam parameter iscordedduring CESR
T T o R o beam collisions. Figure 6 is tlaveragepeakbeam-beam
04 1 1of 1 for each running cycle from November of 1992 to
=8 = 8l 1 February 0f1999. Theschedulefor colliding beams at
8¢l 3 o CESR consists of running periods usually 10 tow@ks
ol 1 in length followed by dowmeriods forimprovements and
maintenance. Eadttatapoint is theaverage beam-beam
| o parameter fothat runningperiod. Thearrows denote the
%8 .dﬁ”.d[”.m 0 OWF Es ?C;-d.s-d.zl-c.z 0 02 o‘.ﬂ;o.s down periodswhen significant alignment ofmagnetic
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Figure 4. The(a) vertical and (b) horizontal corrector
strength for during collisions before the magnetic
elements were aligned in CESR.

elements occurred with the expectation of an improvement
to CESR performance. Several interestiegtures should
be pointedout from Figure 6. 1) Thébeam-beam
parameter on averaggoes up by 11+6% when the
Vertical and horizontal corrector magnets steer the magnetic elements are aligned during dosvn period. 2)
beam to arideal orbit tuned forluminosity. The pretzel The beam-beam parameteggoes down on average by
orbit used inmultiple bunch operation has theeam far 4+5% when the magnetic elementge not aligned
from centered in these steerintagnets. For theteering during the down period. 3) If magnets are not aligoest
coils, nonlinearf_ields increasewith displac;ement and several running periods theam-beam parameter tends to
reducethe dynamic aperture oCESR. It istherefore gyffer. It should benoted that during eachdownperiod

imperative to rely on theseorrectormagnets as little as yiher modifications oCESR are madeThe gain in the

possible. Aligning magnetic elements CESR reduces

the dependence orcorrector magnets.  Thecorrector

strengths during colliding beams were measured before

after the magnets were aligned (Figures 4 and 5).
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Figure 5. The(a) vertical and (b) horizontal corrector

strengthduring high energy physics collisionsafter the
magnetic elements were aligned in CESR.

The reduction in the standard deviation of therector
strength was by 25% for verticabrrectorsand 64% for
horizontal correctors.

These results prove the usefulnessabigning the
magnetic elements in CESR.

4 LUMINOSITIES DEPENDENCE ON
MAGNETIC ALIGNMENT

The luminosity of an electron-positron storage ring is

L= foN\:E

2reBV
where N isthe number of particleper bunch, §is the
revolution frequency,.ris the classicatlectron radiusg

is the beam-beam parametev,:%cz, and [3’{, is the
The

vertical beta function at the interactigooint.

luminosity is directly proportional to thebeam-beam

beam-beam parameter isot solely due to magnetic

&ki&;nment.

0. 05
0.045% ¢ |
L } A
004l * 4 o
[ ; A A
™ I } } A 0
0.035 | th g : 1
0.03+ } 1
[ f t
0.025 [+t s
0O 50 100 150 200 250 300 350
Time (weeks)
Figure 6. The meampeak beam-beam parameter from

November 1992 to February 1999. Tdreows indicate a
downperiod when the CESR magnetic elementsvere
aligned.

5 CONCLUSION

Aligning the magnetic elements in CESBduces the
dependence omsteering correctorgeducescoupling, and
increasesthe beam-beam parameter and, @verage,
increaseghe deliveredluminosity of CESR.  Weéhave
noted an increase iluminosity of ~11% due tomagnetic
alignment of CESR.
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