Minutes of the SPS Studies Working Group (SSWG)

4" meeting25t" June2002

Present: G. Arduini, R. Bailey, T. Bohl, H. Burkhardt, K. Cornelis(chairman),B. Dehning,
M. Giovannozzi,N. lida, D. Manglunki, E. Metral, F. Roncarolo,F. Schmidt, E. Shaposhni&va,
J. TuckmantelL. Vos,F. Zimmermann(secretary)

1 Beta-Functionsat Splittersin TT20 (G. Arduini)

Therearetwo splitting stations Eachconsistof a collimatorandthreesplittermagnetsThebeamis
cutinto two halves. Thelower half is deflectechorizontallyby the splitter.

Beamlossesin the splitter region are a concern. They arise either from particleshitting the
collimatorandseptumor from aperturdimitations. Thefirst effect canbe reducedby increasinghe
(vertical) betafunctionat the splitter, the secondy reducingthis betafunction. Thusthereshouldbe
anoptimumbetafunctionfor which thelossesareminimized. At presenthe computedaperturds as
low as4o for asymmetricsplitting. For operationwith lower-enegy ions, the aperturewill be even
tighter, and,therefore a back-upopticswith smallerg, is desirabl€for theion run.

The nominalbetafunctionsat the splitterare 3y = 14 m and gy = 23 km. For machinestudy
purposesG. Arduini created4 differenttestopticswith a reducedvertical betafunction of either
By = 20 km or 5y, = 15 km, anda horizontalbetafunctionof either5y = 9 (for optimumaperture)
or 14 m (presenwalue). The9 m for the horizontalbetafunctionshouldgive theminimumsizeatthe
entranceandexit of thesplitter. All four opticsmaintainconstantonditionsatthetarmet.

Theresultof the studywasthatdecreasingd,, enhancedhe beamloss. Therewasanindication
of atiny improvementwhenthe horizontalbetafunctionwasoptimizedsoasto centerthe horizontal
waist. A subsequerattemptof increasingsy insteadof reducingit failed,becausef anunexpected
growth in the horizontalbeamsize,possiblyrelatedto poor cornvergencen the opticsmatching.

In cocnlusionthereis no evidentaperturdimitation in the caseof 50%/50%beamsplitting. An
opticswith largeraperturds availablethatcouldbe usedfor thelow-enegy ion run, if thelattertakes
place.In thefuture,G. Arduini plansto exploreagaintheopticswith larger 3y-, andalsoto reduces at
the'bottleneck’in the TT20 beamline. Only smallre-steeringvasrequiredafterchangingheoptics,
which could indicatethatthe magnetsarefairly well aligned,or thatthe changesn the quadrupole
strengthsveresmall (about10%for the upstreanmagnets).
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2 Transverse I mpedance M easurements (H. Burkhardt)

Impedancedatawere taken on threedaysin the week after EPAC, by H. Burkhardt, G. Rumolo,
F. Zimmermannwith helpfrom P. BaudrenghienT. Bohl, J. WenningerN. lida, andothers.

The differenceso the measurements 2001 are: The tunesin 2002 are 26.19 and 26.23. In
thelong MD, the beamwasacceleratedo 80 GeV, which avoidedpossiblecontributionsfrom space
chage. This year higherorder head-tailmodeswere systematicallyobsened, and coherenttune
shiftswererecordedor differentsettingsof the chromaticity At 26 GeV for thefirst time thebeam
intensitywasvariedby usingtheverticalscrapersn the SPS Previously this scrapinghadbeendone
with closedorbit bumps.

In detailthe following measurementwere conductedbn the variousdays: On Monday10/6the
rf voltagewas2 MV (previousyears:3 MV), andcoherentuneshiftsweremeasuredt 26 GeV for
¢ =0.0,0.1, and0.2. OnTuesdayl1/6, head-tailgrowth anddecayratesweremeasureat 26 GeV
for rf voltagesof 2, 0.2 and0.4 MV. The lower voltageresultsin longerbuncheswhich enhances
the sensitvity to theresonantmpedancdrequeng. On Thursdayl3/6 both coherentuneshiftsand
growth/decayratesweremeasurect 80 GeV. Notethatthisincreaseshedistancerom thetransition
enegy, and,thus,affectsthe corversionof chromaticityinto chromaticfrequeng shift.

Theresultsarethatthe coherentuneshiftsappeato be slightly (10—20%)smallerthanin 2001.
L. Voscommentedhatthis is consistentvith his predictionpublishedn arecentbeamphysicsnote.
Scalingthetuneshift measure@t80 GeVto 26 GeV indicatesa somavhatsmallervaluestill (>25%
reduction).However, all theseresultsarepreliminaryandrequirefurtheranalysisandinterpretation.

For all measurementfiunchlengthswererecordedasa function of intensity The bunchlength
typically increasegrom about0.5 nsat 10'° protonsper bunchto about0.65nsat 10! at2 MV rf
voltage.For thelowestrf voltage thermsbunchlengthwasabout0.8ns.

Growth anddecayrateswereanalysedor them = 0 head-tailmode. Thefitted growth ratesfor
negative chromaticitysaturatearoundl GHz, which indicatesthe presencef impedanceesonances
in thisfrequeny range.Thecoherentuneshiftsat26 GeV did notmuchdepencn thechromaticity
overtherangeé =~ 0 to & = 0.2, which corresponds$o a chromaticfrequeng shift of up to about
500 MHz. This is consistentwith expectationdor impedancdrequenciest or above 1 GHz. The
horizontaltuneshift is closeto zeroin all casesin agreementith previousresults.Thegrowth rates
in the verticalandhorizontalplanediffer by a factorof abouttwo, againconfirmingearlierfindings.
Thedatatakenfor longerbunchlengthswill provide alowerlimit ontheimpedancdrequeng.

3 Coupling and Resonant-Driving Terms (F. Schmidt)

F. Schmidtreportedon the resultof the resonant-dkiing term experimentperformedby M. Hayes,
R. Tomas,andF. Schmidt.He thankedR. Jonedor invaluablehelpin adjustingthe BPM timing for
this experimentwhich significantlyimprovedthe dataquality.

The couplingis inferred from the relatve magnitudeof the two tunelines. It is measuredll
aroundthemachine.Local correctionprovedefficientin reducingthe couplingatall BPMs,but at 26
GeV a non-flatstructureremainedwith two pronouncegeaksnearBPMs no. 20 and50. This may
indicatethe presencef real couplingsourcesat thesetwo locations.At 80 GeV aftercorrectionthe
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couplingratiois completelyflat all aroundthe SPSring. Theoptimumskew quadrupolecurrentat 26
GeVwasabout0.1A, at80 GeV about2 A.

Driving termsfor thethird-orderresonanceveremeasure@t80GeVin thenominalconfiguration
andwhenexciting the extractionsextupoles.The preliminaryresultslook promising.

It is plannedo next studythe dependencef this measuremerdn the beamintensity

4 Nonlinear Chromaticity (F. Zimmer mann)

Nonlinearchromaticitywas measuredn Friday, 21/6, by G. Arduini, B. Desfoges, N. lida, and
F. Zimmermann For positive momentundeviationslargerthan3 x 10~ arapidchangen bothtunes
wasobsened,sugggesting strongnonlinearfield. Despiteof tunechange®f theorderof 0.02 there
wasno beamloss.Ontheotherhand for negative momentundeviationthebeamlossbecameserere
nearAp/p ~ —3 x 1073, butin this casethetunesremainedalmostconstant.

On Monday 24/6 the Q-meterpick ups were calibratedand the detuningwith amplitudewas
measuredThepresensettingof the octupolesappeardo give zerodetuning.

This new setof datais beinganalysedoy A. FausGolfe, who will updatethe opticsmodeland
checkconsisteng with previousyears.

5 Electron Cloud instability for Fixed-Target Beam (K. Cornelis)

An electron-cloudnstability is obsenedat 26 GeV onthe FT beamwhenthe LHC beamis injected
ontheMD cycle. A possibleexplanationis thata significantnumberof electronssurvive betweerthe
differentcycles.

The vertical instability of the FT beamhasa different characterthan that of the LHC beam.
K. Cornelisshonved snapshotsof afew hundredounchestakenby the wide bandpick up. The FFT
of thedifferencesignalrevealsafrequeny of 30—50MHz, correspondingo anoscillationwavelength
of afew bunches.Thus,in the caseof thefixed-tagetbeamtheverticalinstability is a coupled-linch
instability, whereaghe LHC beamexhibits the characteristica single-tunchverticalinstability.

For thefixed-tagetbeam theinstability which occurssomeavherealongthe bunchtrain typically
decaysagainalreadyafterafew wavelengthsyell beforetheendof thebunchtrain. Thedependence
on the bunchintensity is also differentfrom that seenfor the LHC beam. For the FT beam,the
instability doesnot show atrivial correlation.

6 Next Meeting

The next meetingof the SPSSWG s tentatvely scheduledor Tuesday9th July, at 09:15,in Room
865-1D17. The agendawill be postedon the web pageof the working group http://cern.ch/sl-mgt-
sps-swgandaninvitationwill be sentby email.

F. Zimmermann25thJune2002



