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1 Intr oduction
Thisdocumentsummarizesthepersonnelandfundingresourcespproposedfor theUS portionof theCMS Heavy
Ion physicsprogram.Heavy ion physicsis anintegralpartof theCMS experiment,whichwill beoperatedduring
both the p+p andPb+Pbbeamsat the LHC. Physicistsin the heavy ion groupsare full membersof the CMS
collaborationandactively participatein thedetectorconstructionaswell asdataanalysisfor bothp+pandPb+Pb
collisions. Onespeci�c responsibilityof theheavy ion membersis preparingtheexperimentfor Pb+Pbdata,in
particularthe trigger andonline software. Othermoregeneralresponsibilitiesincludeexperimentmaintenance,
shift taking, dataprocessing,and dataanalysis. Bolek Wyslouchof the US CMS heavy ion group hasbeen
appointedcoordinatorof theHeavy Ion subgroupwhich consistsof physicistsfrom aroundtheglobewith theUS
groupplayinga leadingrole. Theprominenceof US physicistsin thisareais illustratedin Fig. 1.

Figure1: Organizationof theheavy ion physicsgroupin CMS.To illustratetheir importancein themanagement
structure,thenamesof USparticipantsareunderlined.

In addition,heavy ion physicistsareinvolvedin severalareasof hardwareconstructionandpreparation.In particu-
lar, theUSgroupsarebuilding theZDC calorimeterandpartof theDAQ Filter Farm.Thehardwareandoperating
costsof US heavy ion participationcanbe separatedinto � ve categories(seeSections2, 3, and4 for detailed
discussion):

� Experimentalequipmentto beinstalledat CERN(ZDC andDAQ Filter Farm,seeSection2);

� Yearlycontributionsto therunningcostsof theexperimentwhich areproportionalto thenumberof partici-
patingPhDlevel physicists(CategoryA, seeSection3);

� Maintenanceandrepairof theinstalledequipment(CategoryB, seeSection3);

� Of�ine computingresourcesfor dataprocessinganddataanalysis(seeSection4);

� Increasein personnelandtravel costfor on-siteparticipationatCERNabovewhatwastypical for theRHIC
experiments(seeSection3).

2 Capital Funding Request
Extensive developmentof theHigh Level Trigger is necessaryin orderfor CMS to fully exploit its potentialfor
heavy ion physics.Therefore,theUSCMSheavy ion groupwill focusits effort andresourceson thedevelopment
of the HLT andthe softwareandhardwareinfrastructureof the Filter Farms. In addition,we have proposedto
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contributeto theexperimentby purchasing,testing,installing,andcommissioningpartsof thetrigger in time for
the�rst heavy ion collisionsat theLHC.

Thedevelopmentof sophisticatedreal-timealgorithmsrequireslong,detailed,andcarefultestinganddebugging.
Hardwarepurchasedrelatively early in the projectwill be usedto establisha testbedfor variousaspectsof the
softwareanddatahandling.We planto purchasethecomputersin theUS andshipthemdirectly to CERN,where
they will beextensively testedusingstandardCMS“burn-in” procedures.We will useall availablefundingto buy
DAQ PCswith theexceptionof the initial purchaseof machineswhich will beusedfor developmentandtesting
of HLT code.

Theinitial signi�cant blockof CPUswill bein placefor the�rst Pb+Pbrun which is projectedto beatabout1/20
of thefull designluminosity. Theprocessingpower of thepartially completedHLT will beneededto ensurethe
cleanestpossibleeventsampleandalsofor datacompressionto maximizetheeventrateto tape.Thesecondmajor
purchaseis scheduledto allow somecontingency in theplan for installationandtestingin time for the �rst full
luminosityheavy ion beams.In orderto maximizetheCPUpowerof thefull system,the�nal largepurchasewill
takeplaceaslateaspossiblebeforethis secondrun.

Theconstructionof thedevelopmentsystemwill requiretechnicalhelpaswell ashardwareincludingracks,power
strips,andnetwork switches. We estimatethat we will need0.25 FTE technicianin FY2007to setup the test
stationandconducthardwarechecks.A breakdown of theDAQ-relatedbudgetitemsin eachof the�scal yearsis
shown in Table1. Theadditionalhardwareneededto setupthetestfacility is includedin the“Equip.” column.As
equipment,thehardwareandPCswill not incur overheadcharges.Thetechniciancostincludesbene�ts. Thelast
columnlists expectedoverheadandotherinstitutionalcharges.

Year PC PCCost Equip. Tech.(SWEB) Overhead Total
Units Costsin k$

FY2007 30 93 6.5 21.6 18.9 140
FY2008 200 620 0 0 0 620
FY2009 200 620 0 0 0 620
FY2010 200 620 0 0 0 620

Total 630 1953 6.5 21.6 18.9 2000

Table1: DAQ-relatedbudgetrequestshowing numberof computersandcostsin k$.

The total proposedbudgetrequestfrom US NuclearPhysicsfundsfor CMS DAQ-relatedactivities is estimated
to be 2 M$. This contribution from the US heavy ion groupswill constituteabout40% of the CMS computing
power for theHigh Level TriggerandEventFilter of CMS,about10%of theoverall costof thefull DAQ system,
andabout0.4%of thetotal costof theCMS experiment.It shouldbenotedthattheCMS budgetfor futureyears
includesfundingfor maintenanceandgradualreplacementof thefull HLT, includingtheportioninitially purchased
usingUS NuclearPhysicsfunding.

3 OperationsBudget
TheCMScollaboration,following thelongestablishedCERNpractice,maintainsafundto whichall collaborating
institutionsor countriescontribute. This fund is usedto provide resourcesfor detectoroperationsat CERN.The
sizeof thecontributionto this“M&O Category-A” fundis calculatedannually, eachSeptember, andis proportional
to thenumberof activePhDphysicistsin thegroup.It is importantto notethatapersonneedsto beacollaboration
memberin full standingfor at leastoneyearin orderto appearasanauthoronCMSphysicspublications.Table2
givesa presentestimateof the numberof the US physicistsexpectedto work in the CMS heavy ion program.
The contributions for the physicistsworking on the heavy ion programwill needto be coveredby heavy ion
physicsfundingagencies.It is expectedthatthecontributionperphysicistin FY2007will beabout7.7k$ without
overhead,increasinggraduallyto about10.5 k$ for FY2010andbeyond. “M&O Category-B” fundscover the
responsibilityof groupsthat have built detectorsto maintaintheir equipment. Currently, the only item in this
category for the US CMS heavy ion groupis the Zero DegreeCalorimeterwhich will needyearly maintenance
with a likely replacementof the tungstenand�bers in FY2010or FY2011,after a few yearsof operation.Note
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thatupgradesandmaintenanceof onlinecomputingwill becoveredusing“Category A” fundscollectedfrom the
entireCMScollaboration.

TheUSCMSheavy ion groupwill provideapairof ZeroDegreeCalorimeters(ZDC) whichwill serveavital role
in the heavy ion programat CMS. The ZDCs aremountedbehindthe �rst acceleratormagnetat the endof the
straightsectionsurroundingthe interactionpoint. Located140m from thevertex andinstalledinto a space1 m
long and9.6 cm wide betweenthe two beampipes,they cover � ���! #"%$'& for neutralparticles. The calorimeter
designis similar to that for theRHIC ZDCsbut with theadditionof a segmentedelectromagneticsectionwhich
allows thedetectionof photonsaswell asneutrons.TheKansas,Iowa,andUIC groupsareprimarily responsible
for thetwo ZDCs. Theradiationloadon thephototubesis comparableto thatof thetubesfor theHF calorimeter.
However, it is possiblethata beamaccidentcoulddamagephototubesof oneor theotherZDC. For this reason,
fundsfor ZDC maintenanceareincludedin theoperatingcostsdiscussedbelow.

The large distanceto CERN will result in someincreasein travel costswhich will vary from group to group.
To provide the essentialdirect contactwith expertsat CERN,we expectthat typically 1-2 physicistsfrom each
institution aswell asthe graduatestudentswill stayat CERN for extendedperiodsof time, totaling roughly 14
FTEsonsite.Adjustmentsfor costof living andcurrency exchangeprotectionareexpectedto increasecostsabout
5 ( 15 k$ annuallyper person(lower for studentsthanfor PhDs)stationedfull time at CERN comparedto what
wastypical at Brookhaven. For theentireUS CMS heavy ion groupof about30 PhDswith anadditional15-20
graduatestudents,we expectthat the overall costof travel will be about250 k$ morethanthe costof thesame
groupsdoingresearchat RHIC.

Thetotaloperatingbudgetwithoutoverheadfor theUSCMSheavy ion program,includingcollaborationfeesand
theexpectedincreasein travel costsis summarizedin Table2.

Year PhDs Students M&O CatA M&O CatB Travel Total
Totalnumber Costsin k$

FY2007 20 10 154 5 200 359
FY2008 30 18 276 5 250 531
FY2009 30 18 306 5 250 561
FY2010 30 18 321 5 250 576
FY2011 30 18 321 30 250 576

Table2: Increasein operationscostswithoutoverheadfor theUS CMSheavy ion programin k$.

Theoperationsof mostof thegroupsinvolvedin this proposalarecurrentlyfundedby theDoE Of�ce of Nuclear
Physics.Thegroupat theUniversityof CaliforniaatDavis is fundedby theNationalScienceFoundation.TheLos
AlamosNationalLaboratorygroupis currentlyfundedby the lab's LDRD programandis seekingDoE Nuclear
Physicsfunding to continuetheir involvementafterwards. The University of Iowa group is also seekingDoE
NuclearPhysicsfundingto cover its CMSheavy ion researchprogram.

4 Computing for Heavy Ions
At thetop of thehierarchyof theCMS computingmodelis theTier-0, locatedat CERN.It receivestheraw data
from thedetectorduring runningandis responsiblefor archiving theprimary copy of thedatato tape. The �rst
passreconstructionof theeventsis performedin realtimeat thelargecomputerfarmof theTier-0. In parallel,the
raw datais distributedto thenext layer, thesmallnumberof Tier-1 centerslocatedin differentcountries.These
centersareresponsiblefor storinga secondcopy of theraw data.Tier-1 centersalsosupplyprocessingresources
for further reconstruction,calibration,andotherdataintensive analysistasks.Batchprocessingof dataanalysis
aswell asMonte Carlo simulationsareperformedat the larger numberof Tier-2 centerswhich eachprovide a
signi�cant amountof CPUpower anddisk storage.Finally, theTier-3 centersprovide interactive accessto local
groupsandadditionalmodestcomputingcapacityfor the experiment. Usersat the Tier-3 centerswill rely on
Tier-2 for accessto thedata.Again, it is importantto notethattheCMS planningmakesnoprovision for analysis
resourcesallocatedto heavy ion physics.

Theheavy ion dataandanalysisaresuf�ciently differentthatadjustmentsmustbemade.As such,it makessense
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to placeall of theheavy ion datain oneor moreTier-2 or comparablecenters.Thegoalis to havea systemwhich
is suf�cient to processandanalyzethe collectionof datathat will accumulateover the consecutive datataking
periods. Basedon the planneddata-takingcapacity, datavolumesareexpectedto be ) 250 TByte of raw data,
which probablyincreasesto ) 430TBytesof reconstructeddatafor eachfull luminosityheavy ion run. Basedon
a quotefrom theFermilabTier-1 facility, the costof tapestorageof the heavy ion data,aswell asMonte Carlo
simulationresults,is expectedto be75k$ annuallystartingin FY2008.

It is expectedthatsigni�cant computingresourcesbeyondthoseallocatedin thecurrentCMS planwill beneeded
to carryout off-line datareconstructionandanalysisfor heavy ion physics.TheUS groupswould like to storeall
raw heavy ion datalocally in orderto facilitatefull reconstructionandanalysisby thefacultyandstudents.Based
onexperiencewith theRHIC experiments,it is desirableto havesuf�cient localstoragefor theprocesseddatafrom
at leasttwo yearsof running,in particularto allow ef�cient analysisof rareevents.In orderto keeptheanalysis
commensuratewith therunningschedule,it is necessaryto havesuf�cient processingcapacityto fully reconstructa
signi�cant fractionof thedatafrom onerunwithin theoneyearexpectedbetweenruns.Thecostof providing these
critically necessaryresourcesis estimatedat 325k$ annually. Someof thedetailsaregivenin Table3. Notethat
in FY2007,only simulationresultswill needto bestored,andthereforetapecostsaresmaller. As a consequence,
moremoney is dedicatedto buying CPUs. In eachof the following years,a roughlyequalnumberof CPUswill
bepurchased,while machinesthatareolder than3 yearswill bereplaced.Thetotal heavy ion computingcostis
400k$ peryear, startingin FY2007andcontinuingfor thedurationof LHC running. This sumincludesa small
chargefor tapestorageat theTier-1 centerat Fermilabin FY2007increasingto 75k$ annuallythereafter.

Thisbudgetincludesonly thetapestorageandcomputingcostsanddoesnotcoverinfrastructuresuchaspowerand
cooling.Thosewouldneedto beprovidedby thehostinstitution(s)or otherfundingsources.Possibilitiescurrently
beingactively pursuedincludesharinginfrastructurewith CMS highenergy Tier-2 facilitiesunderconstructionat
MIT andproposedat Iowa andVanderbilt,aswell asusingmatchingfundsfrom theStateof Illinois towardsthe
constructionof a CMS heavy ion computerfacility at UIC. The participatinggroupswill continueto work both
individually andcollectively to exploretheavailability of additionalresourcesfor off-line computing.Additional
capacity, especiallyin the areaof CPU power, would allow more�e xibility in the schedulingof analyses,more
opportunityto exploreabroadervarietyof physicstopics,andanimprovedability to respondexpeditiouslyto new
discoveries.

FiscalYear Tape BatchNodes CPU CPUTotal Disk TotalDisk
[TB] [SI2k.s.*,+-�.� ] [SI2k.s.*,+-�.� ] [TB] [TB]

2007/ 9 105 20 20 157 157
2008 430 83 23 43 186 343
2009 430 83 33 75 279 623
2010 430 83 47 103 419 884
2011 430 83 69 149 628 1326

Table3: Computingresourcepurchaseschedule.0 NotethattheFY2007entryalsoincludescomputerspurchased
in FY2006.Seetext for details.

5 PersonnelResources
We estimatethatby 2007-2008thenumberof US heavy ion participantswill total roughly20 facultyandsenior
researchpersonnel,10 postdocs,20 graduatestudents,and10 undergraduatestudents.The non-USheavy ion
contingentin CMSwill numberabout50people.Thecurrentgroupmembersarelistedin Table4.
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Institution Name Position
U. Californiaat Davis M. Caldeŕondela BarcaSánchez Faculty

D. Cebra Faculty
R. Vogt Adjunct Faculty/

U. Illinois atChicago O. Barannikova Faculty
R.R.Betts Faculty
E. Garć�a ResearchFaculty
D. Hofman Faculty
R. Hollis Post-doctoral
A. Iordanova Post-doctoral

U. Iowa N. George Adjunct Faculty
F.D. Ingram Adjunct Faculty
E. Norbeck Faculty
Y. Onel Faculty

U. Kansas O. Grachov Post-doctoral
M. Murray Faculty
S.J.Sanders Faculty

LosAlamosNat.Lab. P. Constantin Post-doctoral
G.J.Kunde ResearchStaff
C. Mironov Post-doctoral

U. Maryland A.C. Mignerey Faculty
M.B. Tonjes Post-doctoral

Mass.Inst.of Tech. M. Ballintijn ResearchScientist
W. Busza Faculty
C. Loizides Post-doctoral
C. Roland ResearchScientist
G. Roland Faculty
G.S.FStephans SeniorResearchScientist
B. Wyslouch Faculty

U. Minnesota J.Kapusta Faculty/

RiceU. B. E.Bonner Faculty
G. Eppley ResearchStaff
W. Llope ResearchFaculty
G. Mutchler Faculty
P. Yepes ResearchFaculty

VanderbiltU. S.V. Greene Faculty
C.F. Maguire Faculty
J.Velkovska Faculty

Table4: Currentinstitutionsandnon-studentmembersof theUS componentof theCMSheavy ion group.Names
of theoristsparticipatingin theprogramaremarkedwith 0 .
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