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••TOF Project OverviewTOF Project Overview

••Physics MotivationPhysics Motivation

••TOF in the RHIC II eraTOF in the RHIC II era

••Project timeline and budgetProject timeline and budget
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STAR TOF Team:STAR TOF Team:

16 institutions16 institutions

USUS
Electronics, tray assembly Electronics, tray assembly 

and integrationand integration

ChinaChina
Module construction and QAModule construction and QA
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STAR Barrel TOF STAR Barrel TOF –– Detector OverviewDetector Overview

MMultigapultigap RResistive esistive PPlate late CChamber (MRPC) hamber (MRPC) 
modules to cover outer barrel of STAR TPCmodules to cover outer barrel of STAR TPC

∆τ∆τ < 100 < 100 psps

Large coverage Large coverage ––ππ<<φφ<<ππ, , --1<1<ηη<1, R<1, R≈≈2.1 m2.1 m

More than double momentum range of PID (95% of More than double momentum range of PID (95% of 
charged particles in acceptance)charged particles in acceptance)

3800 modules with 23,000 readout channels3800 modules with 23,000 readout channels

Fast detector Fast detector –– maintains (improves) trigger maintains (improves) trigger 
capability of existing CTB capability of existing CTB scintillatorsscintillators..
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For RHIC run 3, one tray For RHIC run 3, one tray 
installed in STARinstalled in STAR

••28 MRPC modules28 MRPC modules

••72 72 chanchan. of readout using . of readout using 
final FEE components on final FEE components on 
prototype boards connected prototype boards connected 
to CAMAC digitizersto CAMAC digitizers

••Run 4:  Tray rebuilt using Run 4:  Tray rebuilt using 
simplified mechanical design simplified mechanical design 
and prototype final front end and prototype final front end 
electronics.  electronics.  

••Run5:  Improved tray design, Run5:  Improved tray design, 
prototype layout using prototype layout using 
HPTDC and prototype HPTDC and prototype 
cooling.cooling.

gapgap：：66××0.22mm0.22mm
95% C95% C22HH22FF44
5% 5% IsoIso--butanebutane
Read out pad size:Read out pad size:
3.15cm3.15cm××6.3cm6.3cm

3800 modules, 3800 modules, 
23,000 readout 23,000 readout 
chanchan. to cover TPC . to cover TPC 
barrelbarrel
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From TOF Triggered Data in dFrom TOF Triggered Data in d--Au CollisionsAu Collisions

π/K separation p~1.6GeV/c,   p/(K+π) p~3GeV/c
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Electron tag from combining TPC Electron tag from combining TPC dEdE//dxdx and TOFand TOF

TPC dE/dx for 
all tracks

TPC dE/dx for  
tracks with 
TOF β ~ 1
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Physics Measurements which require or benefit from TOF

CP violation searchCP violation searchΛΛoo longitudinal polarization longitudinal polarization 
correlationscorrelations

PartonicPartonic collectivity and charmed collectivity and charmed 
quark quark thermalizationthermalization

Charmed Charmed hadronhadron flow and flow and 
yield ratiosyield ratios

Physics GoalPhysics GoalMeasurementMeasurement

Duration and properties of the lateDuration and properties of the late--
stage stage hadronichadronic mediummedium

Yields, spectra of highYields, spectra of high--mass mass 
resonancesresonances

Search for effects of Search for effects of chiralchiral and Uand UAA(1) (1) 
symmetry restorationsymmetry restoration

AwayAway--side jet fragmentation side jet fragmentation 
yields, spectrayields, spectra

Distinguish QCD dynamical effects on Distinguish QCD dynamical effects on 
temperature and velocity distributionstemperature and velocity distributions

Fluctuation/ correlation Fluctuation/ correlation 
studies with PIDstudies with PID

Evidence of Evidence of partonicpartonic collectivity and collectivity and 
thermalizationthermalization

Elliptic flow for hadrons with Elliptic flow for hadrons with 
no light valence quarksno light valence quarks
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Physics Measurements which require or benefit from TOF
(cont.)

Spatial and temporal distributions of Spatial and temporal distributions of 
hadronhadron productionproduction

UnlikeUnlike--particle (e.g., particle (e.g., ππ--ΞΞ) ) 
correlationscorrelations

QCD and spectroscopy beyond QCD and spectroscopy beyond qqqqqq
and and qqqq statesstates

Exotic Particle searches Exotic Particle searches 
((pentaquarkpentaquark, , ΩΩ−−Ω, Η)Ω, Η)

Physics GoalPhysics GoalMeasurementMeasurement

Strong field QED effectsStrong field QED effectsee++ee−− pair production in UPCpair production in UPC

In medium modification,In medium modification,
PartonicPartonic collectivitycollectivity

Lepton, Lepton, didi--Lepton Spectra,Lepton Spectra,
Vector Meson eVector Meson e++ee-- decays decays 
(charm yield, flow)(charm yield, flow)

Energy loss of heavy vs. light quarks Energy loss of heavy vs. light quarks 
in in partonicpartonic mattermatter

Heavy quark jets; D,BHeavy quark jets; D,B--meson meson 
spectra at high spectra at high ppTT
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Some Examples of Benefit from TOF:Some Examples of Benefit from TOF:

••Charmed Meson yields, spectra, flow:Charmed Meson yields, spectra, flow: For low to For low to 
moderate moderate ppTT TOF reduces required data volume TOF reduces required data volume 
(running time) by 2.5 to 5.(running time) by 2.5 to 5.

••Resonance studiesResonance studies: For low to moderate : For low to moderate ppTT TOF TOF 
reduces required data volume (running time) by 2 to 11reduces required data volume (running time) by 2 to 11

••Particle correlation Studies: TOF enablesParticle correlation Studies: TOF enables untangling untangling 
temperature vs. velocitytemperature vs. velocity

••Low energy Low energy didi--lepton spectra:lepton spectra: Enabled by TOF.Enabled by TOF.
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TOF and RHIC II:TOF and RHIC II:
The detector is designed to operate at full RHIC II The detector is designed to operate at full RHIC II 
luminosity.luminosity.
Technical benefit for high luminosity operation: 23,000 Technical benefit for high luminosity operation: 23,000 
chanchan. of fast detector covering TPC outer barrel gives . of fast detector covering TPC outer barrel gives 
good rejection for pilegood rejection for pile--up tracks in TPCup tracks in TPC
The following physics measurements will benefit from The following physics measurements will benefit from 
higher luminosity, although they will start before RHIC higher luminosity, although they will start before RHIC 
II operation.II operation.

CP violation searchCP violation searchΛΛoo longitudinal polarization longitudinal polarization 
correlationscorrelations

Physics GoalPhysics GoalMeasurementMeasurement

Energy loss of heavy vs. light quarks Energy loss of heavy vs. light quarks 
in in partonicpartonic mattermatter

Heavy quark jets; D,BHeavy quark jets; D,B--meson meson 
spectra at high spectra at high ppTT

Search for effects of Search for effects of chiralchiral and Uand UAA(1) (1) 
symmetry restorationsymmetry restoration

AwayAway--side jet fragmentation side jet fragmentation 
yields, spectrayields, spectra
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Proposed Proposed 
Budget and Budget and 
ScheduleSchedule

Nov. 
2004

Apr. 
2008

Total DOE Request  Total DOE Request  
$4.7M$4.7M
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Key points from time line:Key points from time line:

Construction funding in FY05Construction funding in FY05

Construction, Installation and Construction, Installation and 
Commissioning FY05 Commissioning FY05 –– FY08FY08
(Full system installed by 9/15/07)(Full system installed by 9/15/07)

Partial (and increasing) coverage (and   Partial (and increasing) coverage (and   
physics capability) available during physics capability) available during 
construction phase.construction phase.

Chinese funding coordinated withChinese funding coordinated with US DOE US DOE 
fundingfunding
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MRPC ToF Upgrade

Doubles the momentum range of PID over the STAR 
TPC acceptance. Exciting physics results even from one 
prototype tray.

Impacts a wide array of key physics measurements in 
STAR (Proposal for a Large Area Time of Flight System 
for STAR, pp. 14-52):

Enabling technology

•Low-moderate energy e±

•Charm flow (even better with pixel detector)

Comprehensive measurements in reasonable length 
runs

•Large acceptance for jet tomography – fate of the away 
side jet.



1515



1616


