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IST presentation overviewIST presentation overview

• Detector overview
• CD-4 requirements and deliverables
• Technical description and design status
• Fabrication and testing
• Cost and basis of estimates
• Human resources
• Milestones and risk assessment
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IST in Inner Detector UpgradeIST in Inner Detector Upgrade

We track inward from the TPC with graded resolution:

TPC SSD IST PXL
~1mm ~300µm ~250µm vertex<30µm

TPC – Time Projection Chamber
(main tracking detector in STAR)

HFT – Heavy Flavor Tracker
lSSD – Silicon Strip Detector

lr = 22 cm
lIST – Inner Silicon TrackerIST – Inner Silicon Tracker

lr = 14 cmr = 14 cm
lPXL – Pixel Detector 

lr = 2.5, 8 cm
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FGT – Forward GEM Tracker
Shares almost identical

readout system with IST
Installation in CY2011



IST overviewIST overview
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IST makes use of established technologiesIST makes use of established technologies



IST CD­4 requirementsIST CD­4 requirements

4 Relative Stability of 
IST and SSD relative 
to PXL layer

< 300 µm Survey during construction 
and assembly

7 Detector hit efficiency 
IST

> 95% from Signal,
Noise better than 10:1

Low noise electronics, 
source and cosmic tests

8 Live channels for PXL 
and IST

> 85% <1% dead silicon pads, 
redundancy, spares, care...

9 PXL and IST Readout 
speed and dead time

< 5% additional dead time  
@ 500 Hz average trigger 
rate and simulated occupancy

APV25­S1 readout time ~10­
30us, fully parallel, 
appropriate buffering
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Low-level CD-4 key performance parameters: 
experimentally demonstrated at Project Completion

Design meets these requirementsDesign meets these requirements



IST CD­4 deliverablesIST CD­4 deliverables
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- 27 (24+3 spares) staves with six sensors per stave- 27 (24+3 spares) staves with six sensors per stave

- 24 IST staves installed on the Middle Support Cylinder- 24 IST staves installed on the Middle Support Cylinder

- Silicon bias voltage system for 24 staves- Silicon bias voltage system for 24 staves

- Readout system for 24 staves- Readout system for 24 staves

- Cabling and Cooling Services- Cabling and Cooling Services



IST additional requirementsIST additional requirements

• Resolution of ~200μm in r­Φ to provide required  
pointing resolution of 250μm to PXL

• <1.5% Xo to limit multiple scattering and to 
minimize the impact on mid­rapidity physics

• Radiation hard for 10 years of ~10 kRad/year
• Be able to resolve 107ns beam bunches

Careful choice of light weight materials,Careful choice of light weight materials,
high-res. sensors and fast readout systemhigh-res. sensors and fast readout system
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IST staveIST stave
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IST stave = carbon fiber ladder + cooling tubesIST stave = carbon fiber ladder + cooling tubes
                    kapton flex hybrid + passive components                    kapton flex hybrid + passive components
                    6 silicon pad sensors                    6 silicon pad sensors
                    3 x 12 APV25-S1 readout chips                    3 x 12 APV25-S1 readout chips
Electrically divided in 3 units to reduce chance of Electrically divided in 3 units to reduce chance of 
failure of a full stavefailure of a full stave

~50cm~50cm



IST ladder and hybridIST ladder and hybrid
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 ← ← 6 Sensors6 Sensors

 ← ← 36 APV25-S136 APV25-S1

 ← ← cable, foldscable, folds
     over to back     over to back

~ 64 mm

Design prototype ladder & hybrid finished,Design prototype ladder & hybrid finished,
in production, ready in Septemberin production, ready in September



IST silicon pad sensorIST silicon pad sensor

Mask drawings approved, 8 prototypes expected in OctoberMask drawings approved, 8 prototypes expected in October

SLIDE 10



IST readout chipIST readout chip

APV25-S1APV25-S1

Developed for CMSDeveloped for CMS
     (75,000 used in tracker)     (75,000 used in tracker)
     (used in COMPASS for triple GEM)     (used in COMPASS for triple GEM)

0.25 um CMOS0.25 um CMOS
Radiation hardRadiation hard

128 channels parallel sampling128 channels parallel sampling
40 MHz sampling rate40 MHz sampling rate
4 us analogue pipeline4 us analogue pipeline
< 30 us deadtime for 20 MHz 3-sample< 30 us deadtime for 20 MHz 3-sample
            readoutreadout

Better than 15:1 signal to noise ratioBetter than 15:1 signal to noise ratio

0.3 Watt per chip0.3 Watt per chip
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STAR use:  - ISTSTAR use:  - IST
                    - FGT                    - FGT
                    - pp2pp                    - pp2pp

All chips have been procuredAll chips have been procured



IST readout systemIST readout system

Layout 80% done, FGT as testbedLayout 80% done, FGT as testbed
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IST readout systemIST readout system

Design 90% done, ready for FGT installation in CY11Design 90% done, ready for FGT installation in CY11
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Currently being battle tested in FGT cosmic ray test setupCurrently being battle tested in FGT cosmic ray test setup



IST coolingIST cooling

Simulations show 42C max at chips with 1.8x the nominal
   dissipation and no cooling via's through Kapton hybrid yet
Actual temperature will be lower
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3M Novec 72003M Novec 7200
fluorocarbon cooling fluorocarbon cooling 
fluidfluid

Inlet 24CInlet 24C
      (TPC oper.T)(TPC oper.T)

550mW/chip550mW/chip
      (1.8 x nominal)(1.8 x nominal)

1 liter/min at 20psi1 liter/min at 20psi

2 staves in series2 staves in series

Max 42CMax 42C



IST design statusIST design status
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Percent completePercent complete
Support structure   30%Support structure   30%
Cooling system       10%Cooling system       10%
Ladder design       100%Ladder design       100%
Hybrid design        100%Hybrid design        100%
Sensor design       100%Sensor design       100%
Chip specs             100%Chip specs             100%
Readout system      90%Readout system      90%
Slow controls          20%Slow controls          20%



IST fabricationIST fabrication
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Critical steps:Critical steps:
1 - 1 - prototype sensorsprototype sensors
2 –  prototype hybrids2 –  prototype hybrids
3 –  prototype ladders3 –  prototype ladders
4 –  prototype stave4 –  prototype stave
5 –  produce sensors5 –  produce sensors
6 –  produce hybrids6 –  produce hybrids
7 –  produce ladders7 –  produce ladders
8 –  assemble staves8 –  assemble staves
9 –  integrate layer9 –  integrate layer
10 –  install in STAR10 –  install in STAR

Keeping Keeping 55,,66 and  and 77 in FY12 in FY12
and starting assembling stavesand starting assembling staves
in FY12 is crucial to be readyin FY12 is crucial to be ready
for installation RUN 14for installation RUN 14



IST system testsIST system tests

Schedule includes functionality tests in each step of the assembly processSchedule includes functionality tests in each step of the assembly process
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Readout chipReadout chip
functionality testsfunctionality tests

Full stave test, sourceFull stave test, source
and/or cosmicsand/or cosmics

Partial layer tests, max. 4 staves perPartial layer tests, max. 4 staves per
test, functionality, maybe cosmics test, functionality, maybe cosmics 

Full layer functionality test with full readoutFull layer functionality test with full readout
system and STAR DAQ, cosmics system and STAR DAQ, cosmics 



IST cost by Level 3 WBSIST cost by Level 3 WBS
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Largest cost item in 1.3.2 is the $450k sensor procurement Largest cost item in 1.3.2 is the $450k sensor procurement 



IST basis of estimatesIST basis of estimates
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Estimates:Estimates:
   - quotations or catalog prices   - quotations or catalog prices
   - engineer or physicist estimates   - engineer or physicist estimates
      based on previous experiences      based on previous experiences
      and with appropriate contingencies      and with appropriate contingencies



IST FTE per yearIST FTE per year
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IST human resourcesIST human resources
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~9 FTE from 4 institutes for IST deliverables~9 FTE from 4 institutes for IST deliverables



IST milestonesIST milestones

SLIDE 22

First IST milestone met in June 2011First IST milestone met in June 2011



IST risk assessmentIST risk assessment
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All risks low to moderate, mitigation strategies in placeAll risks low to moderate, mitigation strategies in place

Part of the full IST risk tablePart of the full IST risk table



SummarySummary
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• IST meets the CD­4 requirements and the additional IST meets the CD­4 requirements and the additional 
experimental requirementsexperimental requirements

• Design is about 90% finishedDesign is about 90% finished
• Fabrication plan can be executed successfully Fabrication plan can be executed successfully 

provided that the FY2012 production schedule is provided that the FY2012 production schedule is 
followed carefullyfollowed carefully

• Functionality tests are included in each step of the Functionality tests are included in each step of the 
assembly processassembly process

• Budget is based on quotes and realistic estimatesBudget is based on quotes and realistic estimates
• Resources are sufficient to meet the milestonesResources are sufficient to meet the milestones
• The risk severity is low to moderate for all major The risk severity is low to moderate for all major 

project tasks and mitigation strategies are in placeproject tasks and mitigation strategies are in place


