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IST Iin Inner Detector Upgrade

- TPC — Time Projection Chamber
(main tracking detector in STAR)

HFT — Heavy Flavor Tracker
® SSD - Silicon Strip Detector
IST — Inner Silicon Tracker

®r=14cm
® PXL — Pixel Detector
®r=-258cm

PP =S" Office of

7. Saence | SLIDE 03
U.S. DEPARTMENT OF ENERGY

BEROOKHFAVEN
NATIONAL LABORATORY




IST CD-4 requirements

7 Live channels for >95% <1% dead silicon pads,

PXL and IST redundancy, spares, care...

Current design will meet these requirements
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IST additional requirements

» Resolution of ~200um in r-phi to provide required
pointing resolution to PXL

« <1.5% Xo to limit multiple scattering * and to
minimize the impact on mid-rapidity physics

« Radiation hard for 10 years of 30kRad/year
« Be able to resolve 107ns beam bunches

Careful choice of light weight materials,
high-res. Sensors and fast readout system
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IST overview

Radius l4em
Length S0cm
d-Coverage 2n
n|-Coverage =12
Number of ladders 24
Number of hybnids 24
Number of sensors 144
Number of readout chips g64
Number of channels 110592
R-¢ resolution 172um
Z resolution 1811 um
Z pad size 6000um
R-¢ pad size 600pum
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IST ladder and hybrid
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Silicon Pad Sensor

CF Honeycomb with CF Skins

Kapton Hybrid-Cable folded to backside of ladder
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IST unit

f_

7100u 71001
||15.46c:m 'I >|

7 1001 |
= —>|

_[3.525mm |

=

Office of

BRODKHEVEN .5 | SLIDE 08

U.S. DEPARTMENT OF ENERGY




IST silicon pad sensor
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Silicon sensor size: 76.900mm x 40.000mm T [
Active area pitch: 6275um x 596um I 0 OO0 00t
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IS | | | =200 0 0
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Prototype procurement in progress
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IST readout chip

Background, CMS, FGT, etc.

BEHHHHHBEEEHHEHER

Specs and why it works for IST
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IST readout system

DAQ Server

Slow Controls

\-57
Readout Crates

[
g
E S
70 feet
24 Ladders %%%%%% “““ “““ RlV.
| g 7 =

N —— - - == | 70 feet Modified VME Crate

IsqTd
@

ARC

wp HW

[ T T 1 -18 APV Readout Modules
[ T T 1 - 3 APV Readout Controllers
I I

Inside STRR TPC

Middle Support Cylinder

v

Power Supply Rack GND

Prototype ARM/ARC being tested, FGT as testbed
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IST cooling

o FB.61
85749
82098
80.027
7766
74305
71444
668.583
65711
82861

(Termparaiure| 71 6189 7

80
Temperature [F]

Fluorocarbon fluid based cooling
Simulations show proper cooling for one stave and
possible daisy chaining of staves

NATIONAL LABORATORY
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Maximum readout chip

33°C
temperaire
Cooling fluid velocity 0.3-3m's
Maximum pressure 0.2MPa
Cooling flmd inlet
ooling fluid inle e
temperamire
|
Cooling fluid 3M Nowvec 7200
Cooling flmd lm/'s
Maximum pressure 0.14MPa
Calculated maximum
temperature of readout 34.9°C

chip
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IST design status summary

WBS Task MName
./ b~ 2011 202 2013 2014
o2 | a3 [ atrd Gird | a2 [ atrd | Gtrd a1 | G2 [ @3 | atrd @1 | G2 [ @3 [ atrd Gird | G2 [ a3 Gtr 4
13 = mtermediate Silicon Tracker (IST) $2,452,975.05 1 g Inter| Silicon Tracker (IST)
=l Mechanics $605,626.02 g P Mecl
= Mechanical Design $82,369.92 ‘:, T esign
Support structure design (imiJason 100%, Dratft 100%) | $33,024.00 @@ Support structure design (Jim/Jason 100%, Draft 100%)
Cooling system design (Jimilason 100%) 1 $30,768.32 g Cooling system design (JimiJason 100%)
Ladder design (Jim/Jason 100%} $13,577.60 E; Ladder design (Jim/Jason 100%)
* Mechanical prototyping $60,755.95 gp iy Mecl 1 prototy
+ Mechanical ProcurementFabrication $462,502.i? v ProcurementFabfication
= Flectronics $1.,102,347.20 : P Electronics
= Electrical Design and Requirements $19,377.60 P Electrical Design and Requireinents
Sensor design (Gerrit) 10.00 | ":: ngor design (Gerrit)
Readout chip specifications $0.00 =5 Readout chip ificati
Flex hybrid design (Ben 100%) $19,377.60 ';;} Flex hybrid design {Ben 100%)
= Readout system design $0.0:¢ = P Readout pystem design
1.3.2.1.41 Crate desi $0,80_ [ Crate desjgn
1.3.2.1.42 Data transmitter desion $0.40 “[ Data trangmitter design
1.3.2.1.43 APV Readout Module design $0E 0 APV Readput Module design
APV Readout Controller design $0: 0[] APV Readput Controller design
Bias voltage supply design $05 0; Bias voltage supply design
Transition box design $0/00 g Transition box design
= DAG design $0.01 P DAQ deskn
1.3.2.1.5.1 Fiber specification $05 0= Fiber spegification
1.3.2.1.5.2 Data receiver specification $0,80: “[ Datareceifrer specification
1.3.2.1.5.3 Computer specification 50,00 I Computer| specification
Slowe Cortrols design E $0.00 Slow Controls design
=l Electrical Prototyping $152,761.60 % Iy Electrical Prototyping
Prototype sensor mask drawings $68,000.00 | (gl Prototype sensof mask drawings
Prototype sensor mask dra gs approval (Gerrit, Com E $6.0 Prototype sensior mask drawings approval {Gerrit, Commitfee)
Prototype sensors production X} Pfototype sensors production
Pratotype flex hybrid production G Prototype flex hybrid production
Prototype readout system lakbor $10,761.60 :E Prototype readowt system labor
+| Electrical Procurement Fabrication $930,208.d0 iy Electrical Procurement Fabrication
+ Assembly, testing and installation E $724,807.42 = o testing and installation
+ Management $20,192.31 Py M. it
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IST fabrication plan

WBS Task Name
&3 7 2011 2z 2013 2014
ar2 [ ar3 [ a4 ari | a2 [ aw3 [ ctrd ard | ar2 [ a3 | ctrd a1 | arz [ a3 [ ctrd a1 | arz | a3 [ ctrd
1.3 = Intermediate Silicon Tracker (IST) $2,452,975.05 W " P Inter Silicon Tracker (IST)
= Mechanics $605,628.02 g P Mecl
+ Mechanical Design $82,369,92 wlr P Meck I Design
=1 Mechanical prototyping $60,755.98 v = prototy
+ Testing lamination process $4,969.60 ,', g Testing process
+ Lamination prototyping $15,610.1 ,I( iy L prototyping
+ Manufacturing prototype ladder | $0,175.97 === Manufacturing prototype ladder
=1 Mechanical ProcurementFabrication $462,502.142 iy Mecl | ProcurementFabtication
Support structure material E $50,000.00 | Support structure material
Suppart structure production (JimiJason 100%) | $34,964.00 port structure production {Jim/Jason 100%)
Cooling =ystem materisl i $100,000.00 Copling system material
Cooling system production (Jimiason 25%, STAR Ops) | $11,538.12 Cpoling system preduction (Jim/Jasoen 25%, STAR Ops)
Lacider production (LEML) 1 $256,000.00 (I Ladder production {LBHL)
* Project specific tooling $1D,000.0:0 F=p Project specific fooling

$1,102,347.20
$19,377.60

=I Electronics
+ Electrical Design and Requirements
=l Electrical Prototyping
Pratotype sensor mask dravwings
Pratotype sensor mask drawings approval (Gerrit, Committes)
Prototype sensors production
Pratotype flex hybrid production
Pratotype readout system labar
=| Electrical ProcurementFabrication
Sensors procurement
Readout chips procurement
Flex hybrid procurement
+| Cable procurement
Transition boxes procurementifsbrication(Dale 100%)
+ Readout system procurement
+ DAQ procurement
Slow Controls procurementssassembly

+| Generic tooling procurement

testing and

e

Prototype assembly

e

Component Testing

5

Assemble staves

7

Layer Integration

H Install nin STAR
+ Cooling system
+ Labor

$152,761.60

iy Electrical Desi nd Requirel

lectrical Prototyping
mask drawings

ototype sensors production
e x hybrid production

system labor

iy Electronics

ments

r mask drawings approval (Gerrit, Committee)

v v
$68,000.00 | Prototype senso
H $6.00 Prototype sens

1
$44,600.00 P
$30,000.00 () Prototype f}
#10.761.60 o Prototype readou

$930,208.00
. $3

|
LRI s—
1 1

|

i

1
. 65

1

|

1

1

1

1
$41,000.00 fpERp Generic tooling
$724,807.
$14,590.

5.000.00 () Sens

Readout chips procurement

1,800.00 Sy Flex hybrid precurem
$58,600.00 T

iy Electrical Procurem:
ors procurement

ent
e Cable procurement

ent/Fabrication

$142,044.00

$28.368.830 =g

1638.00 Transition boxes procufementfabrication{Dale 100%)
$171,600.00 ) system procurement
$26,900.00 Gy DAQ procurement
$10,820.00 | Slow Controls procurements/assembly
procurement
2 T testing and installation
0 ==y Prototype assembly
$144,965.68 3 Comyp Testing
$311,700.80 3 P A ble stapes
$83,137.4 Laver Integration
$0.0 5 Installation in STAR

Cooling system

&

iy Labor

+ Management $20,192.31 @@

5
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IST system test

Readout test
Source test
Cosmic ray test
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IST cost by Level 3 WBS

WBS Name Cost Duration| Start | Finish
Intermediate Silicon 783

1.3 [Tracker (IST) $2,452,132.70 (days 8/31/1010/17/13
MIT Scientist Contributed $0.00 8/31/10 10/17/13

1.3.1 |Mechanics $605,628.02 464 days | 3/1/11] 1/10/13

1.3.2 [Electronics $1,102,347.201619 days | 10/1/10] 3/29/13
Assembly, testing and

1.3.3 |installation $724,823.52 485 days | 11/3/11] 10/17/13

1.3.4 |Management $19,333.96 |780 days | 8/31/10] 10/14/13
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IST schedule

WBS Task Mame

o > 2011 2012 2013 2014
Qrz | Gtr3 [ Gird Gir1 [ a2z [ a3 [ cira crd [ G2 [ a3 | Gira Gir1 [ a2 | etr3 | Gtrd Qr1 [ @r2 [ o3 | Gird
1.3 El Intermediate Silicon Tracker (IST) $2,452,975.05 @ ; P Inter) iate Silicon Tracker (IST)

= Mechanics $605,628.02 )
* Mechanical Design $82,369.92 “, ] i esign
+ Mechanical prototyping $60,755.98 2 ) prototy
# Mechanical Procurement Fabrication $462,502.02 P ProcurementFabfication

=| Electronics $1,102,347.20 : iy Electronics
+ Electrical Design and Requirements $19,377.60 i Iy Electrical Design and Requirements
* Electrical Prototyping $152,761.60 “, 7 Klectrical Prototy
= Electrical Procurement/Fabrication $930,208.ﬂ:0 @ Electrical ProcurementFabrication

-] testing and il i . $724,807.52 = T testing and i

I
+ Prototype assembly ! $14,590.30 GE=IZ Prototype assembly
i $144,965.68 Comy Testing
+ Assemble staves | $311,700.80 =) stayes
* Layer Integration 3 $83,137.4 ;—%]Laye Integration
=+ Installati STAR i $0.0 ] i STAR
# Cooling system | $28,368.80 == [Cooling system
= Labor 3 $142,044.00 g iy Labor
1.3.4 + Management $20,192.31 P M. it
]
I
Looks just great, no problem!
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IST basis of estimates

documenlum eRoom W@~

t My eRooms > Heavy Flavor Tracker > DOE CD 2/3 Review > Project Documents > Reference Material
= _J Reference Material
_J 1.1 Management_supporting_documents
_J 1.2 Pixel Detector (PXL) supporting_documents

= (1.3 Intermediate_Silicon_Tracker_(IST)_supporting_documents
=l 1.3.1_Mechanics

MC

4 1.3.1.1_Mechanical_Design Hamamatzu Corporation

=l (4 1.3.1.2_ Mechanical Procurement_Fabrication %E:ﬂﬁ'"'“ o
@ 1.3.1.2.8 ProductionLadderPrice txt Erad e o P Tt 22030

= (4 1.3.1.3 Mechanical_Prototyping m———
@ 1.3.1.3 Ladder Prototype.txt i —

= (J1.3.2_Electronics S e

.jJ 1.3.2.1 Electrical Design_and Regquirements :;:-::‘w

=l 4 1.3.2.2_Electrical_Prototyping Eopig
@ 1.3.2.2.1 PrleiminaryQuote_30Jul2010 txt
yr 13221 Sensor Quote Hamamatsu 23Feb2011 pdf [FallUnRI | Sawa Engraar [Tora T [Foe |

[EE | Merm Schdler I I [dasme |

@1.3.2.2.1_Sen50r_QuutE_Hamamatsu_Nntes_Z3Feb2ﬂ11.duc : Anis [y | Oyimge | tvapres | Lomatine —
[ 1.3.2.2.2_PrleiminaryQuote_30Jul2010.txt i .
T 1.3.2.2.3_IST_protohybrid_quote_FPC_08Feb2011 pdf 21 Bl WER e T s ot Dot 1251 4o e eac pan 43 peinsn.

yr 13223 IST protohybrid guote Wulcan 09Feb2011 pdf
4 1.3.2.3_Electrical Procurement_Fabrication
_J1.3.3 Assembly Testing_Installation
3 1.3.4 Management
_J 1.4 silicon_Strip_Detector (S5D)_supporting_documents
_J 15 Integration_and_Global Supports_supporting_documentation
_J 1.6_Software_supporting_documentation
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IST resources at MIT

4.5
4
35
3 -
ﬂ 2.5 .—
(F
©
>
<
< 2
1.5
1
. ji
0 _4_—4-— —_—
2010 2011 2012 2013 2014
& MIT Scientist 0.09 1.00 1.00 1.00 0.05
MIT PM Support 0] 0.13 0.22 0.22 0]
@ MIT Technical 0 0 1.21 1.47 0
& MIT Engineer 0] 0.38 0.88 141 0.04
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IST milestones

Lvl Milestone Early Finish |Late Finish| Actual Float
1 |CD-0 Approve Mission Need Q2FY09 (A)

1 |CD-1 Approve Alternative Selection and Cost Range Q4FY10 (A)

1 |CD-2 Approve Performance Baseline Q3FY11

1 |CD-3 Approve Start of Fabrication Q3FY11

2 |IST - Sensor design Finished Q3FY11 Q4FY11 1 QTR
2 |IST - Prototype ladder tested Q1FY12 Q3FY12 2QTR
2 |IST - Flex hybrid produced Q3FY12 Q4FY12 1 QTR
2 |IST - First staves produced Q2FY13 Q4FY13 2 QTRs
2 |IST - Staves finalized Q3FY13 Q4FY13 1 QTR
2 |IST Integrated into HFT Q1FY14 Q1FY14

2 |HFT Installed and Integrated into STAR Q1FY14 Q1FY15

1 |CD-4 Approve Project Completion Q1FY14 Q2FY15 5 QTRs

BROOKHFEAVEN Office of

.5 | SLIDE 20

U.S. DEPARTMENT OF ENERGY




IST milestones control

WBS

U.S. DEPARTMENT OF ENERGY

Task Mame
v 2011 2012 013 014
Gir 2 Gir 3 Gir 4 Gr1 | awr2 [ a3 | aird otr1 | a2 [ a3 [ Gtrd Gr1 | a2 | a3 [ Gtrd Gr1 | ar2 | a3 |
1.3.44 =| Level 2 Milestones | $0.00 t P Level 2 Milest
13441 L2 EF - Senzor design finished L2 EF | Sensor design fini H—
15447 L2 LF - Senzor design finished L2 LF - Sensor (Iee:siu nfinished [
13442 L2 EF - Prototype ladder tested : L2 EF - Protgtype ladder|tested Qvij
13448 L2 LF - Prototype ladder tested i L2 LF - Prptotype ladder tested
13443 L2 EF - Flex hyhrids produced ' L2 EF | Klex hybrids produced 0"__1
135448 L2 LF - Flex hybrids produced | L2 LF - Flex hybrids produdefl &
13444 L2 EF - First stave produced E L3 EF - First gtave produced g ¢
154410 L2 LF - First stave produced . L2 LF -| Fjrst stave prgduced <
13445 L2 EF - Staves finalized : 2 EF - Stajles finplized ¢~
13441 L2LF - Staves finalized ' L2 LH|- Staves finalized 4§
13448 L2 EF - Integrated in HFT H LP EF - Integrated in HFT| vn
134412 L2LF - Integrsted in HFT i L2 LF - Integrated in HﬁT &
1.3.45 -l Level 3 Milestones . $0.00 iy Level 3 Milest
13458 L3 EF - Prototype flex hyhrid produced L3 EF - Prototype flex hybrid produced &
134515 L3 LF - Prototype fles hylrid produced L3 LF - Prototype flex hyl):ti(l produced
134581 L3 EF - Prototype sensors procduced L3 EF - Prototypp sensors produced Q"
1345186 L3 LF - Protatype sensors procuced L3 LFE— Prototype sensors produced &
13452 L3 EF - Support structure produced ! L3 EF - Suppert structuije produced &
154517 L3 LF - Support structure produced \ L3LF - Supportstructure produced g
134510 L3 EF - Transition hoxes produced and tested E L3 EF - Transition boyes produced and tested Q"
134518 L3 LF - Transition boxes produced and tested | L3 LF - Transitipn boxes produced and testeql
13451 L3 EF - Start wire honding readout chips | L3 EF - Stagt wire bonding readout chipspg:
134518 L3 LF - Start wire bonding reacdout chips E L} LF - Start wire bonding readout chips| |
13453 L3 EF - Senzor procurement finished | LB EF - Sensor procurement finished Q"
134520 L3 LF - Senzor procurement finizhed | L3 LF - Sensor procurement finished| ¢
13454 L3 EF - Cooling system produced E L3 EF - Cooling system produced Q"
1354521 L3 LF - Cooling system produced \ L3 LF - Cooling system producpd o
13453 L3 EF - Start wire bonding sensors E L3 EF - Start wire bonding sensrsyg
134522 L3 LF - Start wire bonding sensors | L3LF - Start wire bonding(sensors g
134512 L3 EF - Ladder production finished H L3 EF - Ladder productiop finished g 4
134523 L3 LF - Ladder production finizhed E L3 LF - Ladder pr: i i &
13456 L3 EF - Start of layer integration | L3 EF - Start of layer integrationpg
134524 L3 LF - Start of layer integration . L3 LF -(Start of layer integfation
134513 L3 EF - Readout system procured E L3 EF - Read. st procuredpg:
134525 L3 LF - Readout system procured H L3 LF - Readout system procured
135457 L3 EF - Layer surveyed E L3 EF - Layer surveyed ¢v
134526 L3LF - Layer surveyed | L3LF - Layer surveyed g
13458 L3 EF - Cooling system assembled H L3 EF - Cooling system assembled &
134527 L3 LF - Cooling system assembled E L3 LF - Cooling system assembled
134514 L3 EF - Dutside cables instaled ' L3 EF - Outside cables installed Q"
134528 L3 LF - Qutside cables installed E L3LF - Outside cables installed |
BROODKHELUEN PP =5 Office of
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IST risk assessment

WBS WBS description Description gx;;g;;al Schedule Conseq. Costlmpact ($K) Type of Risk |Impact  |Probability |Severity [Mitigation Strategy
Intermediate Silicon Tracker
1.2.3.1 [Support structure More_ sl sttt none possible delay none schedule low low low scheduling slack
requirements
1.2.3.3 |Ladders Falrlure e none dgla\( L EE=a vl none schedule moderate |low low scheduling slack
in time pipeline
1.3.2.1 |Sensordrawings and masks DESI.gn PmbIE:lmS LT none ] in prototype none schedule low low low scheduling slack
multiple iterations production
1.3.2.2 |Prototype sensors Fallu_re to_functlon =R none delay in G P LTS ek P costschedule |moderate |low low scheduling slack,reliable vendor
specifications production prototypes
. Failure to function according to . . .
1.3.2.3 |Flex hybrid . . none delay in full production |$5k cost/schedule |low low low scheduling slack, less prototypes
specifications
1331 |[Sensors Production problems none delay in assembly none schedule moderate |low low reliable vendor, stage batch production
1.3.3.3 [Flex hybrid Production problems none delay in assembly none schedule moderate |low low scheduling slack by producing early
1.3.3.4.1 |Signal cables inside field cage |Production problems none delay in installation  [none schedule low low low conservative design, produce early
1.3.3.4.2 |Signal cables outside field cage |Production problems none delay in installation  |none schedule low low low conservative design, produce early
1.3.343 Ei;:sévoltage e BT L Production problems none delay in installation  [none schedule low low low conservative design, produce early
1.3.3.5 (Transition boxes Fabrication problems none delay in installation  [none schedule low low low conservative design, produce early
13.3.6 |[Readoutsystem Problems straightened out by FGT
1.3.3.7 |DAQ Problems straightened out by FGT
delay i bli i in lab t, Establish ti bl
1.4.3 Assemble modules Assembly problems none lay in assembling - Increase in fabor cost, cost/schedule |moderate |low low Stapish conservalive assembly
staves $20k/mo pipeline
144 Assemble staves Assembly problems none F:Ielav n Sl M= FEO [ LA cost/schedule |moderate |low low E_Stat.,hSh UL 7
e integration $20k/mo pipeline
1.4.5 Layer Integration Integration problems none delay in installation  [none schedule moderate |low low delay installation
1.4.7 Cooling system Assembly problems none delay in installation  [parts and labor cost/schedule |low low low assemble early
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Summary
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