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1 Intr oduction

This documensummarizeshe personneandfundingresourcepproposedor the US portionof the CMS Heavy
lon physicsprogram.Heavy ion physicsis anintegral partof the CMS experimentwhich will be operatediuring
both the p+p and Pb+Pbbeamsat the LHC. Physicistsin the heary ion groupsare full membersof the CMS
collaboratiorandactively participatein the detectorconstructioraswell asdataanalysisfor bothp+p andPb+Phb
collisions. Onespeci ¢ responsibilityof the heary ion memberss preparingthe experimentfor Pb+Pbdata,in
particularthe trigger and online software. Other more generalresponsibilitiesnclude experimentmaintenance,
shift taking, data processingand dataanalysis. Bolek Wyslouch of the US CMS heavy ion group hasbeen
appointeccoordinatorof the Heavy lon subgroupwhich consistsof physicistsfrom aroundthe globewith theUS
groupplayingaleadingrole. The prominenceof US physicistdn this areais illustratedin Fig. 1.

Figurel: Organizationof the heavry ion physicsgroupin CMS. To illustratetheirimportancen the management
structurethenamesof US participantsareunderlined.

In addition,heavy ion physicistsareinvolvedin seseralareasf hardwareconstructiorandpreparationln particu-
lar, the US groupsarebuilding the ZDC calorimeterandpartof the DAQ Filter Farm. The hardwareandoperating
costsof US heavy ion participationcan be separatednto ve cateyories(seeSections2, 3, and4 for detailed
discussion)

Experimentakquipmento beinstalledat CERN (ZDC andDAQ Filter Farm,seeSection?2);

Yearly contritutionsto the runningcostsof the experimentwhich areproportionalto the numberof partici-
patingPhDlevel physicistgCategory A, seeSection3);

Maintenancendrepairof theinstalledequipmen{Cateyory B, seeSection3);
Of ine computingresourcegor dataprocessingnddataanalysis(seeSectiond);

Increasen personneandtravel costfor on-siteparticipationat CERNabove whatwastypical for the RHIC
experimentgseeSection3).

2 Capital Funding Request

Extensve developmentof the High Level Triggeris necessaryn orderfor CMS to fully exploit its potentialfor
heavry ion physics.Thereforethe US CMS heavy ion groupwill focusits effort andresource®nthe development
of the HLT andthe software and hardware infrastructureof the Filter Farms. In addition, we have proposedo
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contrituteto the experimentby purchasingtesting,installing,andcommissioningpartsof thetriggerin time for
the rst heavy ion collisionsatthe LHC.

The developmenibf sophisticatedeal-timealgorithmsrequiredong, detailed,andcarefultestinganddelugging.
Hardware purchasedelatively early in the projectwill be usedto establisha testbedfor variousaspectof the
softwareanddatahandling.We planto purchasehe computersn the US andshipthemdirectlyto CERN,where
they will beextensiely testedusingstandardCMS “burn-in” proceduresWe will useall availablefundingto buy
DAQ PCswith the exceptionof theinitial purchaseof machinesvhich will be usedfor developmentandtesting
of HLT code.

Theinitial signi cant block of CPUswill bein placefor the rst Pb+Pbrunwhichis projectedto beatabout1/20
of thefull designluminosity. The processingpower of the partially completedHLT will be neededo ensurethe
cleanespossibleeventsampleandalsofor datacompressiomo maximizethe eventrateto tape. Thesecondnajor
purchasés scheduledo allow somecontingeng in the planfor installationandtestingin time for the rst full

luminosityheary ion beams.in orderto maximizethe CPU power of thefull systemthe nal large purchasewill

take placeaslateaspossiblebeforethis secondun.

Theconstructiorof thedevelopmensystenmwill requiretechnicalhelpaswell ashardwareincludingracks,power
strips, and network switches. We estimatethat we will need0.25 FTE technicianin FY2007to setup the test
stationandconducthardwarechecks.A breakdevn of the DAQ-relatedbudgetitemsin eachof the scal yearsis
shavnin Tablel. Theadditionalhardwareneededo setup thetestfacility is includedin the“Equip.” column.As
equipmentthe hardwareandPCswill notincur overheadchages.Thetechniciancostincludesbene ts. Thelast
columnlists expectedoverheadandotherinstitutionalchages.

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

Tablel: DAQ-relatedbudgetrequesshaving numberof computersaandcostsin k$.

The total proposecbudgetrequestrom US NuclearPhysicsfundsfor CMS DAQ-relatedactvities is estimated
to be2 M$. This contribution from the US heavy ion groupswill constituteabout40% of the CMS computing
power for the High Level TriggerandEventFilter of CMS, about10% of the overall costof thefull DAQ system,
andabout0.4%of thetotal costof the CMS experiment.It shouldbe notedthatthe CMS budgetfor futureyears
includesfundingfor maintenancandgraduakeplacementf thefull HLT, includingtheportioninitially purchased
usingUS NuclearPhysicsfunding.

3 Operations Budget

TheCMS collaborationfollowing thelong establishe@ERNpractice maintainsafundto which all collaborating
institutionsor countriescontribute. This fund is usedto provide resourcedor detectoroperationsat CERN. The
sizeof thecontritutionto this“M&O Category-A’ fundis calculatecannually eachSeptembelandis proportional
to thenumberof active PhDphysicistsn thegroup. It is importantto notethata persomeedgo beacollaboration
membelin full standingfor atleastoneyearin orderto appeamasanauthoron CMS physicspublications.Table2
givesa presentestimateof the numberof the US physicistsexpectedto work in the CMS heayy ion program.
The contributions for the physicistsworking on the heary ion programwill needto be coveredby heary ion
physicsfundingagencieslt is expectedhatthe contribution perphysicistin FY2007will beabout7.7k$ without
overhead,ncreasinggraduallyto about10.5k$ for FY2010andbeyond. “M&0O Cateory-B” fundscover the
responsibilityof groupsthat have built detectorsto maintaintheir equipment. Currently the only item in this
catgyory for the US CMS heavy ion groupis the Zero DegreeCalorimeterwhich will needyearly maintenance
with a likely replacemenbf the tungstenand bers in FY2010o0r FY2011,after a few yearsof operation.Note
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thatupgradesandmaintenancef online computingwill be coveredusing“Category A” fundscollectedfrom the
entireCMS collaboration.

TheUS CMS heary ion groupwill provide apairof ZeroDegreeCalorimetergZDC) whichwill seneavital role
in the heary ion programat CMS. The ZDCs are mountedbehindthe rst acceleratomagnetat the end of the
straightsectionsurroundingthe interactionpoint. Located140 m from the vertex andinstalledinto a spacel m
long and 9.6 cm wide betweenthe two beampipes,they cover for neutralparticles. The calorimeter
designis similar to thatfor the RHIC ZDCs but with the additionof a sgmentedelectromagnetisectionwhich
allows thedetectionof photonsaswell asneutrons.The Kansas)owa, andUIC groupsareprimarily responsible
for thetwo ZDCs. Theradiationload on the phototubess comparabldo that of thetubesfor the HF calorimeter
However, it is possiblethata beamaccidentcould damagephototubesf oneor the otherZDC. For this reason,
fundsfor ZDC maintenancareincludedin the operatingcostsdiscussedbelow.

The large distanceto CERN will resultin someincreasein travel costswhich will vary from groupto group.
To provide the essentiabirect contactwith expertsat CERN, we expectthattypically 1-2 physicistsfrom each
institution aswell asthe graduatestudentswill stayat CERN for extendedperiodsof time, totaling roughly 14
FTEsonsite. Adjustmentdor costof living andcurreng exchangeprotectionareexpectedo increasecostsabout
5 15k$ annuallyper person(lower for studentshanfor PhDs)stationedfull time at CERN comparedo what
wastypical at Brookhaven. For the entire US CMS heavy ion groupof about30 PhDswith anadditional15-20
graduatestudentswe expectthatthe overall costof travel will be about250 k$ morethanthe costof the same
groupsdoingresearctat RHIC.

Thetotal operatingbudgetwithout overheador the US CMS heary ion program jncludingcollaboratiorfeesand
theexpectedncreasen travel costsis summarizedn Table?2.

Year | PhDs| Students| M&O CatA | M&O CatB | Travel | Total
Total number 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: Increasen operationsostswithout overheador the US CMS heavy ion programin k$.

The operationof mostof thegroupsinvolvedin this proposalarecurrentlyfundedby the DoE Of ce of Nuclear
Physics.Thegroupatthe Universityof Californiaat Davis is fundedby theNationalSciencd~oundation.TheLos
AlamosNational Laboratorygroupis currentlyfundedby thelab's LDRD programandis seekingDoE Nuclear
Physicsfunding to continuetheir involvementafterwards. The University of lowa groupis also seekingDoE
NuclearPhysicsundingto coverits CMS heavy ion researctprogram.

4 Computing for Heavy lons

At thetop of the hierarchyof the CMS computingmodelis the Tier-0, locatedat CERN. It recevesthe raw data
from the detectorduring runningandis responsibldor archiing the primary copy of the datato tape. The rst
passreconstructiorof the eventsis performedn realtime at the large computerfarmof the Tier-0. In parallel,the
raw datais distributedto the next layer, the smallnumberof Tier-1 centerdocatedin differentcountries. These
centersareresponsibldor storinga secondcopy of theraw data. Tier-1 centersalsosupplyprocessingesources
for further reconstructiongalibration,and otherdataintensive analysistasks. Batch processingf dataanalysis
aswell as Monte Carlo simulationsare performedat the larger numberof Tier-2 centerswhich eachprovide a
signi cant amountof CPU power anddisk storage.Finally, the Tier-3 centersprovide interactive accesso local
groupsand additional modestcomputingcapacityfor the experiment. Usersat the Tier-3 centerswill rely on
Tier-2 for accesdo thedata.Again, it is importantto notethatthe CMS planningmalkesno provision for analysis
resourcesllocatedo heary ion physics.

The heary ion dataandanalysisaresufciently differentthatadjustmentsnustbe made.As such,it makessense
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to placeall of theheavy ion datain oneor moreTier-2 or comparableenters Thegoalis to have a systemwhich
is sufcient to processand analyzethe collection of datathat will accumulateover the consecutie datataking
periods. Basedon the planneddata-takingcapacity datavolumesare expectedto be 250 TByte of raw data,
which probablyincreaseso 430 TBytesof reconstructedatafor eachfull luminosity heary ion run. Basedon
a quotefrom the FermilabTier-1 facility, the costof tapestorageof the heary ion data,aswell asMonte Carlo
simulationresults,is expectedo be 75 k$ annuallystartingin FY2008.

It is expectedthatsigni cant computingresourcedeyondthoseallocatedn the currentCMS planwill be needed
to carryout off-line datareconstructiorandanalysisfor heary ion physics.The US groupswould lik e to storeall
raw heavry ion datalocally in orderto facilitatefull reconstructiorandanalysisby thefacultyandstudentsBased
onexperiencewith theRHIC experimentsit is desirabldo have suf cient localstoragdor theprocessedatafrom
atleasttwo yearsof running,in particularto allow ef cient analysisof rareevents.In orderto keepthe analysis
commensurateith therunningscheduleit is necessarto have sufcient processingapacityto fully reconstruca
signi cant fractionof thedatafrom onerunwithin theoneyearexpectedetweernuns. Thecostof providing these
critically necessaryesourcess estimatedat 325 k$ annually Someof the detailsaregivenin Table3. Note that
in FY2007,only simulationresultswill needto be stored,andthereforetapecostsaresmaller As aconsequence,
moremongy is dedicatedo buying CPUs. In eachof the following years,a roughly equalnumberof CPUswill
be purchasedwhile machineghatareolderthan3 yearswill bereplaced.Thetotal heary ion computingcostis
400k$ peryear startingin FY2007 andcontinuingfor the durationof LHC running. This sumincludesa small
chagefor tapestorageatthe Tier-1 centerat Fermilabin FY2007increasingo 75 k$ annuallythereafter

Thisbudgetincludesonly thetapestorageandcomputingcostsanddoesnot coverinfrastructuresuchaspowerand
cooling. Thosewould needto be providedby thehostinstitution(s)or otherfundingsourcesPossibilitiescurrently
beingactively pursuedncludesharinginfrastructurewvith CMS high enegy Tier-2 facilitiesunderconstructiorat
MIT andproposedat lowa andVanderbilt,aswell asusingmatchingfundsfrom the Stateof lllinois towardsthe
constructionof a CMS heavy ion computerfacility at UIC. The participatinggroupswill continueto work both
individually andcollectively to explore the availability of additionalresourcegor off-line computing.Additional
capacity especiallyin the areaof CPU power, would allow more e xibility in the schedulingof analysesmore
opportunityto exploreabroadevarietyof physicstopics,andanimprovedability to respondexpeditiouslyto new
discoveries.

FiscalYear | Tape | BatchNodes| CPU CPUTotal Disk | Total Disk
[TB] [SI2k.s. ]| [SI2ks. ]| [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: Computingresourcgurchaseschedule. Notethatthe FY2007entryalsoincludescomputergurchased
in FY2006. Seetext for details.

5 PersonnelResources

We estimatethat by 2007-200&he numberof US heary ion participantswill total roughly 20 faculty andsenior
researctpersonnel 10 postdocs20 graduatestudentsand 10 undegraduatestudents. The non-USheary ion
contingenin CMS will numberabout50 people.Thecurrentgroupmembersarelistedin Table4.



Institution Name Position
U. CaliforniaatDavis M. Caldebndela BarcaSanchez Faculty
D. Cebra Faculty
R. Vogt Adjunct Faculty
U. lllinois atChicago O. Barannilova Faculty
R.R.Betts Faculty
E.Garca Researclraculty
D. Hofman Faculty
R. Hollis Post-doctoral
A. lordanoa Post-doctoral
U.lowa N.Geoge Adjunct Faculty
F.D. Ingram Adjunct Faculty
E. Norbeck Faculty
Y. Onel Faculty
U.Kansas O.Grachw Post-doctoral
M. Murray Faculty
S.J.Sanders Faculty
LosAlamosNat.Lab. P. Constantin Post-doctoral
G.J.Kunde Researclstaf
C. Mironov Post-doctoral
U. Maryland A.C. Mignerey Faculty
M.B. Tonjes Post-doctoral
Mass.Inst. of Tech. M. Ballintijn Researclscientist
W. Busza Faculty
C. Loizides Post-doctoral
C.Roland ResearclScientist
G.Roland Faculty
G.S.FStephans SeniorResearclscientist
B. Wyslouch Faculty
U. Minnesota J.Kapusta Faculty
RiceU. B. E.Bonner Faculty
G. Eppley Researclstaf
W. Llope Researclraculty
G. Mutchler Faculty
P. Yepes Researclraculty
VanderbiltU. S.V. Greene Faculty
C.E Maguire Faculty
J.Velkovska Faculty

Table4: Currentinstitutionsandnon-studenmemberof the US componenbf the CMS heavy ion group.Names
of theoristsparticipatingin the programaremarkedwith



