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Abstract

It hasbeenknown thatthetunesof the Tevatrondrift on
the 150GeV front porch. Thedrift is obsenedto havethe
sametime dependencasthedrift in the chromaticity The
variationin the chromaticityis dueto the changein the b,
of the superconductinglipoles,which representsheinte-
gratedsextupole momentof the magnet. It is reasonable
to assumehatthe tunedrift is dueto the feeddown from
the changingb,. Calculationsbasedon this assumption,
both hereandin earlierattemptsto explain the tunedrift,
shav, absentunreasonabl@ssumptionsaboutthe closed
orbit, that the simple modelsof the variation of the sex-
tupole momentwill not explain the tunedrift. An expla-
nation, for both the tunedrift andthe tune split obsened
whenthe Tevatronwasfirst operatedis proposedvhichis
basedon the longitudinal variation of the sextupole com-
ponentin the dipolesandthe factthat the dipolesare not
perfectsectormagnets.

INTRODUCTION

Thetime drift of the Tevatrontunesonthefront porchat
150GeVis a well known, andwell documentegphenom-
ena. In 2004 an extensive seriesof measurementaere
made of the tunesand chromaticitiesin the Tevatron at
150GeV[1],[2] Thesedatashav a variation of the tune
(Fig. 1), couplingandchromaticityduringthetime on the
front porch.

Thetunedatacanbefit with thefollowing expressions:

AQn(t) = +0.003543 In((¢(s) + 170)/170) (1)

AQ,(t) = —0.004196 In((¢(s) + 170)/170)  (2)

The explanationof the changein the chromaticitywas
ascribedto the well known changein the sextupole (bs)
strengthof the dipoles. Thetime dependencthetunedrift
is the sameasthe dependencef the changein b,. It is
naturalto look for the tune drift asin the changein the
sextupolemomentsn thedipole.

The tune shift due to the sextupole momentsin the
dipolesdependson the displacemenbf the beamin the
dipolesrelative to themagnetcenter

The expectedunedrifts, dueto the obseneddrift in the
value of by, have beencalculatedthe using the measured
closedorbit andthe measuredialuesof thea; andb, mul-
tipoles(alsoshavn on Fig. 1). This calculation,aswell as
earlier similar, attemptg3] to explain the tunedrift, shov
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Figurel: TuneDrift asaFunctionof Time onthe 150GeV
FrontPorch,MeasurecandCalculatedvalues.

that,absenunreasonablassumptionaboutthe closedor-
bit, the variationof the sextupole momentassignedo the
dipoles,thevalueof b, neededo explain the chromaticity
will not explain the measuredune drifts. The calculated
tune drifts are much smallerthanthe obsened drifts. To
understandhedifferencebetweerthe measure@ndcalcu-
latedtune drifts we needto understandhe characteristics
of the Tevatrondipoles.

CHARACTERISITCSOF TEVATRON
DIPOLES.

An extensve discussiorof the Tevatrondipolescanbe
found in reference[4]. The magnetsare of a two layer,
wedgelessos-thetadesigninside a cryostatwhich is in-
sertednto awarmiron yoke. Thedipolefield is designated
asBy. The high orderharmonicsof the magneticfield are
describedn termsof the multipole coeficients,b,, for the
normalmomentanda,, for theskew moments Thesemul-
tipole coeficientsaredefinedrelative to thedipolefield so
that at the referenceradiusof 1 a multipole strengthof 1
unit will contribute to the magneticfield anamountequal
to 10~* of thedipolefield.

At the endsof the magnetthe superconductingstrands
arebentto form the coils. The shapeof the coils produces
a large sextupole componenbf the magneticfield, a large
negative b- , localizedat the endsof the magnet.This was
recognizedduring the designof the magnetsandan addi-
tional sextupole componentvasintroducedinto the body
of thedipoleto compensatéor theendsextupole. This de-
signyieldeda value of b, at a currentof 4kA of ~1unit,
well with the correctioncapabilityof the chromaticitysex-
tupolesin the Tevatron. The problemwith this solutionis
thatif thebeamdoesnot gothroughthe centerof the mag-
netandasa result,therewill be feeddown from the sex-



tupole and the dipoleswill have a significantquadrupole
componentn thefield.

The solutionto the feeddown problemwasto bendthe
dipoles so that the trajectory of the particlesinside the
dipole coincidedwith the centerline of the magnet. This
effort wasonly partially successfuandit wasfound,when
the Tevatronbeganoperationsthat,contraryto expectation
the tunes,ratherthanbeingequal,in the verticaland hor-
izontal planesdifferedby 0.4 v, > v,.[5] (The coupling
wasminimizedbeforemeasuringhetunes.)Theeffectwas
modeledby incorporatinga zerolengthpseudo-quadrupole
ateachendof thedipolesin thelattice.

This pseudalement(referredto askbendq in thelattice
descriptions)is dueto thefeeddown of thesextupolein the
dipole. Sincethestrengthof thesextupole,andin particular
the relative strengthsof the end field and the body field
changewith time, thestrengthof thefeeddown quadrupole
will alsochange This changean thefeeddown quadrupole
accountdor thetunedrift.

EXTRACTION OF THE STRENGTHS OF
THE BODY AND END FIELDSOF THE
DIPOLES.

In additionto the full lengthdipolestherearetwo half
lengthdipolesin the Tevatron. Theseshortermagnethave
the samedesigngeometryasthefull lengthdipolesexcept
for theirshortedength, 2.4mvs. the6.2mof thefull length
dipoles. The b, at the endsof thesemagnetss the same
asthe b, at endsof the normalmagnetsthe lengthof the
bodyis shortersothatthe cancellatiorthatwaspartof the
designof the full lengthmagnetsdoesnot apply hereand
thesemagnetdave alarge negative b, .

Tablel: MeasuredValuesof by

Magnet Type | Current(A) bs

TB/TC 660 | -4.32
TD 660 | -21.56
TB/TC 4000 0.83
TD 4000 | -16.20

We canusethemeasured, momentgTablel) of thefull
lengthandhalf lengthmagnetgo extractthe contributions
of the bodyfield andthe endfield to the b, andthelength
of theendfield. The strengthof thefeeddown quadrupole
wasalsousedin thefitting to obtainthe sagittaof the mag-
net. Theresultsareshovn in Tablell.

Thesevaluesareconsistentvith themeasurementwade
atthe FermilabMagnetTestFacility.

A SIMPLIFIED MODEL

The quantity kbendq depend®on the valuesof the b, at
theendsandin the body of thedipole andthetrajectoryof
the beamrelative to the centerline of the magnet. These

Table 2: Solutionsfor the End and Body Fields at 660A
and4000A.

Current
Parameter A Value | Units
Len. of end 0.157 =~ 0.005 m
bs end 660 -597.95- ~ 5
bs body 660 1141+~ 0.4
bs end 4000 -583.12+ ~ 5
bs body 4000 16.38+ ~ 0.4
sagitta[6] 234.18+ ~ 0.11 | mills
sagitta 5.9481| mm

quantitliesvary over time and hencethe value of kbendq
alsovaries. Thetime variationin the strengthof kbendq is
the causeof thetunedrift. While this quantityhasnotbeen
measuredt canbe calculatedasa function of time, from
measuredunedrifts.

It is impossibleto reconstructhe actual conditionsin
the Tevatronwhenthe tuneis measured.If the tunedrift
is dueto the variationin the sextupolein the dipolesthen
the tunedrifts dv,, anddv, shouldbe equalandopposite.
Figure 1 shaws a significantdifferencebetweerthe drifts.
Thisis mostlikely dueto coupling. To eliminatethis effect
| take the averageof the magnitudeof thedrift coeficients
showvnin equations(1and(2). | thencalculatethetunesas
afunctionof time. Usingthesetunevaluesin the Tevatron
modelwithout couplingto find the valueof kbendg which
will yield thesetunesasa function of time. The resultis
plottedin Fig. 2.
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Figure 2: CalculatedValue of /femkbenddgrom the Mea-
suredTuneDrifts.

From thesecomputedvaluesof kbendg, andthe values
of be asafunction of time the valuesof the body andend
fields canbe computedasa function of time. Theresults
arefoundin tablelll andplottedin Fig. 3 andFig. 4.

SUMMARY

The discussiorpresentechereprovides a plausibleex-
planationof both the tune drift obsened in the Tevatron
on the 150GeV/cfront porch, as well the reasonfor the
largetunesplit obsenedin the early daysof the Tevatron.



While the variation of the bs(body) (~ 40%) andb:(end)
(= 17%) arelarge so arethe tuneshifts andthe changein
the bs (=~ 45%) in the nearly100minutesf obsenation.

Sincethe calculationsare donewith an approximation
to the tunedrift (the couplinghasbeenremovedfrom the
model)the changeshouldbe regardedasapproximations
to theactualbehavior of thesextupolefieldsin theendsand
body of the Tevatrondipoles. The actualbehaior should,
however, resemblecloselythe calculationgresentedhere.

Table3: Calculatedvaluesof b (Body) andbs(End) asa
Functionof Time

Time b2 b2
(min) bs kbendq | (Body) | (End)
0.00 -4.320 | 2.25987E-05 11.4| -598.
0.67 -4.212| 2.27328E-05 11.6| -604.
1.50 -4.104 | 2.28668E-05 11.9| -610.
3.81 -3.888 | 2.31348E-05 12.5| -622.
12.72 | -3.456| 2.36710E-05] 13.6| -646.
33.62 | -3.024 | 2.42070E-05 14.6| -671.
82.60 | -2.592| 2.47432E-05 15.7| -695.
127.94| -2.376 | 2.50112E-05] 16.3| -707.
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Figure3: Calculatedvalueof b, (body) from theMeasured
TuneDirifts.
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Figure4: Calculatedvalueof b, (end) from the Measured
TuneDirifts.
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