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1.0 INTRODUCTION
Oneof the most importantfactorsaffectingthe performanceof anacceleratoris the choiceof operating

point. During the simulationof a proposedmachine,the choiceof operatingpoint is usually somewhat
ad hoc, frequentlybased uponan individual’sexperience with othermachines.Thedefenseof thispracticeis
that this point is in somesenserepresentative,usuallybasedupon its not being "too near" anyresonance
lines, nearnessbeing defined in terms of assumptionsmadeaboutresonancewidths. As many design
decisionsmay be based on suchsimulations,it is highly desirableto obtain informationabout how the
machinesperformancedependson the fractionaltunes.

Tunescanis a joining of scriptsandcodesdesignedto addressthis issue,usinga combinationof Sun
workstationsand the Intel Hypercube.This facility enablesthe userto repetitively perform I’EAPOT
analysesand linear aperturedeterminationas definedin SSCL-SR-1038 for different fractional tunes.
ThnescanusesTEAPOTto generatehfiles from apreviouslycreatedthin-elementfile, thenstartsascripton
the Hypercube,which employsVectrackfor the trackingportion of the run.

Thisnotebeginswith theresultsof thefirst applicationsof thistechnique.Only the interestedreaderwho
might want to obtainandrunthis codefor himselfneedreadthe entire document.

2.0 A TUNESCAN EXAMPLE: THE SSCCOLLIDER

TheCollider of the SuperconductingSuperCollider SSC hasbeenextensivelystudiedatthe operating
point 123.285,122.265by the MachineSimulationandCorrectionGroup,the Collider group,andothers.
Another tune point closer to the half integer123.435, 122.415has also been proposed. Thus, the
neighborhoodsofthesetwo pointsarenaturalfirst candidatesfor Tunescan.Figure1 showsthetuneplanein
theneighborhoodof the 123.285,122.265operatingpoint, andFigure2 showsthe sameinformationfor the
123.435,122.415operatingpoint. A certainamountof stochasticityor "noise" is visible, dueprimarily to
the choiceof grid spacingandthepresenceof narrowresonances;however,regionsof distinctlybetterlinear
apertureareclearlyvisible.

Comparingthetwo, one seesthat the 123.435,122.415operatingpoint isconsiderablyclosertoa"good"
region,but that the region nearthe 123.285,122.265point is considerablylarger. The conclusionto be
drawn is that shifting the tune from 123.285,122.265into the nearbyregion perhaps123.23,122.19
might increasethe linearapertureby 30%overthe123.285,122.265result,andprovidethisapertureovera
spreadof tunesapproximatelytwice as large as the region near123.435,122.415.Another interesting
observationis the cleareffect of the third integerresonances,as expected.Finally, the lack of significant
impactof the couplingresonancemightat firstbe puzzling,but it hasasimpleexplanation:Themachineis
decoupledat every point in the tune plane, and the linear coupling is explicitly removedduring the
calculationof the smear,by the defmitionof the linear aperture.

ThetimerequiredofaSparc2workstationforTEAPOTto produceasingletunepoint for Vectrackto track
averaged1 h. This includedan initial tunecorrection,a closedorbit correction,a chromaticitycorrection,
decoupling,andafmal tunecorrection.Thefinal correctionwasfoundto berequireddueto ashift causedby
thepreviousoperations.

3.0 WORK IN PROGRESSAND FURThER APPLICATIONS
An interestingquestionatthispoint is, "Whatdoesthe restof the tuneplanelook like?"Figure3 showsa

"coarsescan"of theentiretuneplane.Tunesfor whichthecorrectionprocessdid not succeedareblack.The
machinebecameunstable.

Possiblefuture studiesincludecharacterizingthe need/effectivenessof resonancecorrection schemes,
studyingotherSSClattices suchas the High EnergyBooster,andaddressingissuesof the effectsof tune



"drift"-i.e. , changingthe tunewithout recorrectingthe lattice to simulatethe drift of the operatingpoint
during arun.

4.0 ORGANIZATION ANT FUNCTION OF THE SCRIPTS

4.1 Tunescan

A scriptthat takesno arguments.Instead,the scriptis editedto specify all the files requiredfor the run.
Thus, the particularversionof tunescanin a particulardirectoryprovidesa recordof the run done in that
directory. Upon execution,tunescanfirst runsan error-checkingprogramcalled prescan,which simply
checksthe existenceof all the files in tunescanandlists them.Whenbegun,scanitandhyperbatarecalled
andbackgrounded.

4.2 Scanit

Managesthe TEAPOTruns.It readsaline from thefile of tunesandusesthe Unix facility ‘sed’ to insert
the fractionalportionof thex andytuneinto theTEAPOTinput file containinga"readfile"command,which
usesthethin elementfile ‘fort.7’ for lattice information. It alsocontainsan hwrite commandtocreatethe
lattice file for the Hypercube.Once the hfile is created,it is movedto the hfiles directory andrenamed
accordingto thetunes.Thehfile nameis recordedin .sunscanned_b.This entireprocessis repeatedfor each
tunepair.After the last tunehasbeenused,the word "Done" is written to .sunscanned_b.To preventdisk
overflow in the caseof an error, scanitchecksthe numberof files in the hfilesdirectory.If thereare four or
more,scanitsleepsfor 10 mm andchecksagain.Thusit is importantthatno irrelevantfilesexistin the hides
directory.

4.3 Hyperhat

Checks the list of completedhfiles against a list of the hfiles that have been used by Vectrack,
.batscanned.If theyareidenticalbut the last line of .sunscanned_bis not theword"Done",hyperbatgoesto
sleep.lithe two aredifferent, the first unprocessedfile nameis insertedinto the Vectrackinput file. The
script thenloadsVectrackontoa cube.Oncethe tracking is completed,the programhfcn is loaded,which
combinesall thefilescreatedby Vectrack’sprint_turnsflag into asinglefile with an_outsuffix. This file is
nowidenticalin formatto aTEAPOTfort.8 file, andmaybepost-processedusingstandardTEAPOTtools.
Next, the programhaptris loaded.Haptrcalculatesthe linearaperturefromthetrackingdataandfrom two
command-linespecifications,the tuneshift anddeltasmear0.005and0.05 by default. It writes the file
nameandaperturesin bothx andyto afile. This final outputfile hasaprefix of Ia followed by thevaluesof
the tune shift anddeltasmearusedby haptr.By default the file is called Ia.005.05.This entire processis
repeateduntil the files .sunscanned_band .batscarniedare identical.SeeFigure4 for a diagramof this
process.

5,0 OPTIONAL SECOND CUBE
During typical use it was discoveredthatthe Sun portion, scanit,requiredonly half the time to do the

latticeprocessingthatVectracktookto do the tracking.For thesecases,the totalprocessingspeedcouldbe
doubledby havingtwo setsof nodesassociatedwith eachinvocationof scanit.Thiswasdoneby creatinga
parallelcubescript,now namedhypercat,which getsanothercubeandtracks runssimultaneously.When
this featureis employed,scanitsendsthenamesof completedhflles to .sunscanned_band.sunscanned_c
alternately.Hypercatis createdfrom hyperbatusingthe sedfile .bat_to_cat.Hypercatlists trackedfilesin
.catscanned.It sendslinear apertureoutput to the sameIa file as hyperbat.This hasneverpresenteda
problembecausehypercatalwayslagshyperbatby thelengthof oneiterationof scanit.SeeAppendixC for
use.
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6.0 INPUT FILES
There are two input files, onefor TEAPOT and onefor Vectrack.Thesefiles are actuallymore like

templatesfor creatingtune-specificinput filesusingsed.In the TEAPOTinput file, the fractionalportionof
the tunes in a "tunethin" must instead be TUNEX and TUNEY. An example from
-greene/cube/scanner/run.collider:

tunethin, mux=123TUNEX,muy=122TUNEY,blf=cqf[bl], bld=cqd[bl] ,&
nuzntries=4, stepsize=O.0005, tolerance=O.000l

IMPORTANT: this file mustbeginwith "readfile" andinclude"hwrite" justbefore"stop."

In the Vectrack input file, the lattice file must be hIi1esIFILENAME. example from
-greene/cube/scanner/run.vectrack

lattice = hfiles/FILENA1

An absenceof a title is the only otherdifferencefrom a typicalVectrackinput file. IMPORTANT: The
print_turnsflag MUST beincluded.

7.0 EXECUTING TUNESCAN

To beginatunescanrun, first view hyperbatto seeif the -d deletionflags aresetas desiredfor hfcnand
haptr.It is recommendedthathfcn use-d atall times.The advantageof not using-d for haptris the ability
the usethemasshaptrscript. SeeAppendixB.

Next, tunescanis editedto specify the following:

7.1 TITLE

A basicdescription,the date,andfile namewill be addedonto this string.

7.2 TUNEFILE

Thefile containingall the pairsof tunesto be scanned.Thetunesareexpectedto be fractional,without a
zeroon the left side of the decimal,e.g.:

.285 .265

.285 .270

.290 .265

7.3 TPOTNPUT

The input file templatefor TEAPOT.

7.4 VECTRACKNPUT

The file containingthe input andflags for Vectrack.

7.5 TIIINILE

This is the thin-elementfile createdby apreviousTEAPOTrun. To createthehide for eachtune,thisfile
is readby the TEAPOT "readfile"command.This file is usedasthe .clatticenaine>prefix for the Vectrack
andhfcnoutput files.

3



7.6 NODES

The numberof Hypercubenodesallocatedpercubeto Vectrack.

7.7 TWOCUBES

Set to either "ON" or "OFF," this decideswhether tunescanusesone cube alone or two cubes
simultaneously.The optimumsettingwill dependon the ratio of time requiredby the TEAPOT portion to
thatrequiredby the Hypercube.If equivalent,or if only runningonetune,"OFF’ is the correctsetting.The
"ON" settingdoublesthe overall trackingrate.SeeAppendix C.

7.8 DIRECTORY

Thedirectoryoff thecubedirectoryin which therun is takingplace.For-greene/cube/scannerthecorrect
settingwould be "scanner."

Whenall of theaboveis satisfactory,executetunescanfrom the UNIX prompt.All scriptsare runin the
background.
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APPENDIX A
REQUIREDFILES

To perform atunescanrun, the following files are required:
-greene/cube/scanner/

tunescan the outermostscript

scanit the Sun run manager

hyperbat theHypercubescript manger

.bat_to_cat sedfile to build the Hypercubescript hypercat

hfcn convertsprint_turnsdatato .clatticename>’_out

haptr calculateslinear aperturefrom <latticename>_out

a TEAPOT input file for an example,see run.collider

a Vectrackinput file for an example,see run.vectrack

a Vectrackparticlefile for examples,seeload/ *.load

a file of tunes for examples,seetunes/tunes.*

Hfcn andhaptreachpossessesa-d optional flag that will deletefilesafter use.
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APPENDIX B
SETUP AIDS

The following are setupaids for usewith tunescan:
Ioadcon
A C programfor the Sunthatreadsafile of TEAPOT-styleparticledeclarationsandwritesa Vectrack

particlefile.

tunegridtunegrid2
A C programfor the Sun that createsa rectangulararray of tune points. Thnegrid2automatically

eliminatesleadingzeros.

trigrid

A C programfor the Sunthat createsa triangulararray of points. Leadingzerosareeliminated.

The following arepost-processingaids:

getdata
A C programfor theSunthatreadsanIa.###.#-#file linearapertureresultsandwritesafile containingthe

fractionalx andytunesandthe lesserof the x andyaperturesdividedby the respectivesigmas.Designedto
producedatafor Unigraph.

masshaptr
A Hypercubescript that runshaptr on each_out file in a list containedin a file named.masstodo,

appendinganla.###.##file. Thisallowsexplorationsof the haptrtuneshiftanddeltasmearsettingswithout
rerunningtunescan.

NOTE: the -d optionfor haptrin hyperbatmustbe removedprior to the runto take
advantageof this script.
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APPENDIX C
ADVICE AND POSSIBLE SOURCESOF ERRORS

You musthavea userlogin for the Hypercube.
The directory in which tunescanruns are performedmustbe cross-mountedfrom the workstationto

Sycamore,the SystemResourceManagerfor the Hypercube.
If themachinefrom whichyou executetunescanis not listedin the .rhostsfile in your homedirectoryon

the Hypercube,the rshcalls will not work.

Two cubesor not two cubes
Experimentationis theonly way todetermineexactlyhowmuchlimethe SunandHypercubeportionswill

require.By adjustingthenumberof cubes1 or 2 andthe nodesper cube2,4,8,etc.the configurationin
whichtheHypercubeandSun"sleep"theleastcan bediscovered.TheHypercubescriptsleepswhenthereis
no hfile to process.TheSun scriptsleepswhenthereare too many.Thefirst line of scanitdefmesthe number
of hfiles that will causeit to sleep.In the most time-efficientconfiguation,the Sun will not sleepat all.

Oncethe limiting factorof the timepertunepoint on the Sun is found, splitting the rangeof tunesto be
exploredinto piecesallows the projectto be completedatconvenienttimes.

Restarting

If arunonly partiallycompletes,simply edit the tunefile,removingthetunesforwhich alinearapertureis
listed in the outputfile, andif required,addotherunexploredtunes.

In casetheruncrashesandhfilesexistin thehfilesdirectory,thosefilescanbelistedin .sunscanned..b.The
lines in scanitthatdestroy.sunscannecLbmustbe commentedout. Upon executionof tunescan,hyperbat
shouldbeginprocessingthe first file listed, If therearehfilesbut no tunesleft to explore,simply commentout
scanitinside tunescan.

If thecubeportioncrashesandtheSunis still runningor sleeping,hyperbatandhypercatcan bestarted
from a Hypercubeprompt.First releasethe cubethenexecutehyperbat:

sycamore%hyperbat<nodes>cvectrackinput> .ccubename>&

To remainconsistent,namethe cubefor the machineon which scanitis running.A _bator _catwill
automaticallybe addedonto the end.

If acompleterestartis required,remainingpartsof the tunescanjob mustbe killed on both the Sun and
Sycamore.Thepreviouslyusedcubesmustbereleased.HINT: Oncethe Sun portion is dead,

echo"Done" >> .sunscanned_b

will causehyperbatto ceaserunningandreleaseits cube.Echoing"Done" into .sunscanned_cwill cause
hypercatto end.It will not happenimmediatly if the cubescriptis asleep;this is simply easierthankilling
jobsoneby onefrom aHypercubeprompt.
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Linear Aperture by Tune
Using Eigenplane Coordinates Lattice: top_X_bpm

Base tune: .285, .265
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Figure 1. Tune Plane in the Neighborhood of the 123.285, 122.265 Operating Point.



Linear Aperture by Tune
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Figure 2. Tune Plane in the Neighborhood of the 123.435,122.415 Operating Point.



Linear Aperture by Tune
Using Eigenplane Coordinates Lathce: topX_bpm
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Figure 3. Coarse Scan of Entire Tune Plane.



Tunescan

[nes. file
. scanit , .sunscanned_b . hyperbat

nin,clatticetype> TEAPOT 0’

<print_turnsoutput>

data file

I’

hfcn

"V

<lattice name>_out

haptr

Figure 4. Tunescan Process.
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