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Talk Outline

* Project Overview

« Addressing past Review Questions
« Construction Progress

 FY10 Technical Plans

 Budget and Schedule Summary
 Day’s agenda
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Why an FVTX Detector for Muons?

Enhance Muon performance to allow precision heavy flavor measurements

« Initial absorber to reduce hadrons that reach the active detectors

» Muon Tracking stations inside magnet to find tracks and measure momentum

* Muon Identifier for u/x separation, Lvl-1 trigger

* ~1% “punch through”, ~1% decay into muon before absorber, ~1%*15% decay after

the absorber )
- No way to discriminate n/K-->u, D/B—sp, ©/K punch-through ~ 'eonPanes {
» Mass resolution limited by absorber /,/ o Muon arm
» Track isolation information lost by absorber 19 .

n-= colision. -
point ATt =0 40 em
AT - \Distance of Closest Approach
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Physics Programs Accessible With FVTX

Single Muons:
* Precision heavy flavor and hadron measurements at forward rapidity
» Separation of charm and beauty
* W background rejection improved

Dimuons:
* First direct bottom measurement via B—J/y
o Separation of J/y from ' with improved resolution and S:B
 First Drell-Yan measurements from RHIC
» Direct measurement of c-cbar events via u*u becomes possible

Physics:

« Advance understanding of energy loss, by adding precise heavy flavor
measurements of R,, and flow.

* First detection of v’ plus heavy quark allow detailed understanding of vector
meson production and modification

» Separation/Understanding of Cold Nuclear Matter and QGP effects with rapidity
coverage

* Precise gluon polarization and sea quark measurements over large x range,
fundamental tests of Sivers functions possible
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Reminder of Simulated Performance
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FVTX Geometrical Design

Four tracking stations with full azimuthal coverage
e 75 um pitch strips in radial direction, 3.75° staggered phi strips
» Radiation length < 2.4%/wedge to minimize multiple scattering
» Outer Support and Cooling outside active area

« Kapton cable plant primarily outside active area

——
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FVTX Electrical Design

p on n ministrip sensor, 75 um x 3.75° —»
Data push FPHX readout chip —

High density interconnect cable —

ROC (big wheel area in IR) —

FEM (VME crate in CH) —»

« PHENIX DCMs
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FY08 Recommendations
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2008 Annual Review Recommendations

Reminder of November 2008 Status (last year’s review):

* Prototype sensors procured and delivery expected Oct. 30

» 1st round FPHX chip delivered in August and testing in progress

« HDI layout completed, prototype not in hand yet

 FPHX was critical path and could not go to next stage until wedge system test

"The collaboration should design a normal printed circuit board as the first multi-chip module to
test the FPHX prototype run. This should be done as soon as possible to remove the HDI as a
potential schedule risk associated with the FPHX submission.”

* Response:
 PCBs made and procured
» Delivery ~same time as kapton HDIs
* However, simple interconnect allowed
us to comprehensively test much faster
than with kapton HDI
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DAQ Bandwidth and Thresholds

Bandwidth limitations alone — Noise hits should be <0.1% of detector to not saturate
DAQ bandwidth (some options to increase this number with more fibers)

Thresholds can be ~5x nominal and still maintain good efficiency (Nominal threshold
= 2000 electrons)

Bandwidth Limitations Single Tracks Embedded in Au+Au
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2008 Annual Review Recommendations

"The simulation package for the readout chain should be enlarged to include capability to
determine where the high data rate bottlenecks occur, and whether DAQ data loss occurs
gracefully or in “brick wall’” fashion. The effect of threshold dispersion on track finding
efficiency should be considered for all gain settings of the FPHX chip.”

e Simulations include detector performance expectations
 VHDL simulations of ROC/FEM designs performed - details in ROC/FEM
presentation by Sergey Butsyk
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2008 Annual Review Recommendations

"A complete heavy flavor R,, analysis chain with realistic DCA errors should be demonstrated as
soon as possible, and presented with one of the quarterly reports prior to the next annual review.
A list of people who are actually doing the offline software and analysis, their FTE level of
support, and their time schedule, should be presented as well.”

e Heavy flavor R,, produced in unblind analysis previously
 Blind analysis work with updated code underway

 Full reconstruction and analysis chain developed

» Detector performance maintained

« Working on updating physics plots RS with FVTX
 Sofware workers: B}

Charm+beauty with FVTX(pp: 70pb”; AuAu: 2nb™ )

1— DGLV c+b dN/dy =1000
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Technical Progress
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FYO09 Progress - Technical

Wedge Components
» Prototype sensors procured, tested, and production order placed
 1st and 2" round FPHX chips tested and production order placed
« HDI prototype tested, 2" prototype order in progress
» Backplane production order placed

Detector Assembly

» SOW, schedule in place for wedge assembly at FNAL Silicon
Fabrication Facility (SiDet). Several prototypes assembled

» Final design for wedge assembly fixtures completed, fab at UNM

» Assembly areas being prepared at BNL

DAQ

« 2"d round ROC in progress, first round used extensively in
wedge testing

* FEM prototype ready for procurement

Mechanics
» Cage, backplane and disk designs completed, fab in progress

' Los Alamos
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FY10 Technical Work

Wedge Components and Assembly

» All wedge components should arrive within the next few months

* Production fixtures produced

* Wedge assembly and testing for ~10 months in Project (SiDet estimate = 30 weeks)
» Disk assembly follows beginning of wedge assembly

DAQ

e Receive and test 2" round ROC
* Receive and test FEM

* Production procurement in 2010

Mechanics
* Procure cages and disks in 2010
» Finalize disk and cage assembly procedures and procure fixtures

» Disks should be fully assembled in 2010
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Project Reviews

Feb-April 2008 FPHX Design Reviews before prototype submission

August 2008 Overall Electronics Design Review

August 2008 Informal Mechanics Review of Components
May 2009 FPHX review prior to FPHX-2 prototype

June 2009 1st RHIC Safety Review

Sep 2009 FPHX review prior to production

Oct 2009 HDI review prior to 2" prototype

Dec 2009 Final HDI and Interconnect Cable review

Jan 2010 ROC + FEM review

Jan 2010 Final disk review
2010PHENIX Readiness Review

Note: each FPHX review was presented as a “system”
review already
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Issues/Concerns

Schedule:

* We have~19 weeks float (23%) in the schedule and are starting
assembly earlier than Management Plan, but:

» All wedge components on or very close to critical path

» Backplane, cage, disk, all on or near critical path, LBNL
delivery times all longer than Management Plan

» Wedge assembly schedule determined from prototype
experience, but can schedule be maintained?

* ROC very close to critical path

Assembly
» Assembly of disks with full cable assemblies into cages, and
cages with full disk assemblies into enclosure may be challenging
» Will we maintain performance as the system increases in size
and becomes coupled to the VTX system?

V2
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Proposed Project Deliverable Change

* Propose to meet “working wedge spares” but not “working sensor spares”

» 343 working large sensor and 120 small sensors being ordered

Al
N

Item Number Working Spares
Wedge assemblies
Large Sensors 288 50 (25 in spare wedges)
Small Sensors 96 15 (8 in spare wedges )
Large Wedges 288 25
Small Wedges 96 8
ROC boards 24 4
FEM boards 48 6
Mechanical
Large "2 Disks 12 2
Small 2 Disks 4 1
Suspension system 1 (VTX funded) 0
Dry gas enclosure 1 (VTX funded) 0
Cooling system 1 (VTX funded) 0
Power supply system 1 Spare components available
DCM channels 48 4
Melynda Brooks, FVTX Annual Review, November 2009
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Organizational Chart Changes — October 2009

DOE Office of Nuclear Physics
Helmut Marsiske
Federal Program Manager )
|
BNL Program Manager )

Tom Ludlam
BNL ) PHENIX Management
|
PHENIX FVTX Project Office Sp%k%j(’:zfon
Project Manager: M. Brooks (LANL) :
Deputy Project Manager: J. Kapustinsky (LANL) Opergtloqul\r/ilzzager
Electronics Project Engineer: E. Mannel (Columbia) Upgra;de Manager
echanical Project Engineer: W. Sondheim (LANL M. Leitch
4 ) Sensor \ ( N\ . ) (" Integration (" Assembly \
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Cost & Schedule
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Cost & Schedule Summary
FVTX Costs:

¢ Management Plan Cost = $4880k, Contingency = $927k
o $1962k costs and commitments to date and remaining
» Cost to Complete = $2108k with Contingency = $810k (38%)

Current Schedule Expectations — Project Deliverables June 2011

» Backplanes, HDIs, FPHX available Jan/Feb 2010

» Wedge Assembly Feb 2010 — Nov 2010

* Wedge Assembly Float 4/1/10 — 5/26/10

» Disk Assembly Apr (Jun) 2010 — Nov (Jan) 2010
» Disks into Cages Jun (Aug) 2010 — Feb (Apr) 2011
» Test Functional Requirements Nov (Jan) 2010 — Feb (Apr) 2011
« Additional Schedule Float 4/14/11 — 6/30/11

“Additional Schedule Float”, can be used to allow testing of functional requirements to
properly mate up with RHIC Run schedule, availability of VTX enclosure.
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FVTX Component Delivery Dates

HDI 1/27/10
Backplane 2/2/10

FPHX 1/21/10
Sensor 2/19/10
ROC 5/11/10
Disk 4/6/10

Cage 4/20/10

But, we have:

0.8 weeks float
0.0 float

2.4 weeks float
0.4 weeks float

12 days float
2.2 weeks float
18.3 weeks float

— 8 weeks contingency in assembly schedule
— 11 weeks contingency at end-of-project.

19 weeks/83 weeks = 23% schedule float

Al
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FVTX Project File

[0 VWHS Taszk Name Start Finish ~O0& So0g =00 L 02
15t Half 2nd Halt |13t Halt 2ned Halt |1t Half 2nd Halt |13t Halt 2nd Halt |13t Half
Gtr 1 [tr 2 [Otr 3 [te o [Qte 4 [Ste 2 Qe 3 [Ote 4 [t 1 [Qte 2 [Ctr 3 [Qtr 4 |Gt 1[Gt 2 (Gt 3 [Gtr 4 |Gite 1 [Gtr 2

1 1 FVTX Project Fri 102105 Thu %7811

2 1.4 Start Construction Tue 4/1/05 Tus 41103 4

3 1.2 Start R&D BHL Mon 12006 Wlan A F206

4 1.3 Stat R&D LANL han 17206 Wan 1 £206

5 1.4 Wedge Components Thu 34507 Thu 1434141

5] 1.41 We{lge SeNsors Fri21M5%08  Thu 11311

T 1.4.1.1 Vendor selection Fri 2A4%08  Thu 410/0%

g 141141 develop criteria Fri 215008 Thu 252508

9 141172 Wendor gquotes Fri 2729008 Thu 410005

10 1.41.2 procure prototype sensor Wed 6/11/08 Fri 8/28/09

11 14124 mask zet Wied 511005 Tue 715105

12 141272 sensor manufacture Wied FOM0O5 Tue 1002808

13 14123 test prototype sensor Wied 10729003 Tue 21009

14 14124 weire band FRHE hon 3M 609 Fri 41019

14 14125 1=t prototype wedge assembly Mon 471309 Fri 5489

16 141286 test wedde assembly(system test) Mon 551109 Fri Gi28/04

17 1.41.3 procure sensors Wed 11/40% | Thu11311

18 14.1.31 procure sensor fully tested) Wied 117409 Tue 352310

19 14132 Sensor G Wed 1/27HM0 Tue 4520010

20 14133 Aftach HDI to Backplane Tue 20210 Mon 3/8M0 W e d g e

byl 141357 Glue chips to HDM Tue 2/840  Mon 34510

> 141312 Wyire baond chips to HOI Tue 2ME6M0 | Mon 7H2MO0 asse ﬂ b |y O n

3 14138 Teszt chips and HOI Tue 2022190 Mon FH3M0 L

24 1413534 Aftach sensar Tue 37210 hon 7r26M0 Crltl C al palh

25 14135 Wire bond sensor to chips + HDI Tue 3840 Thu10M4M0

26 141386 Test chip sensor + cable azsemblies Tue 353010 Thu 11440

7 14138 Wire bond encapsulation Tue 4840 Thu 114140 8 wee kS

28 1.4.1.3.10 Azzembly Contingency Tue 4610 Mon 253110 .

24 141351 Attach backplane mounts Tue B/3M0 Thu 1A 31 O ntl n g e n Cy

30 1.4.2 FPHX Chip Thu 34507 T v 24,1 | —

3 1.4.24 design(FHAL) Thu 3M507F  Wied BI20007

s
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N2 .
PH/>/\<“EN|X Melynda Brooks, FVTX Annual Review, November 2009 - Los Alamos

MNATIONAL LABORATORY




FVTX Project File

[ WBS Taszk Mame Start Finizh ~O0& So0g =00 L 02
istHalf  [2ndHalf  [1stHalf  [2ndHalf  [1stHalf  [2ndHalf  [1stHalf  [2nd Hali  [1st Half
[t 2 [tr 3 [cr 4 |Ctr 1 [Otr 2 |3t 3 [0t 4 @t 1 (Ot 2 [Ctr 3 [Ctr 4 [0t 1 ]St 2 [0t 3 [3tr 4 [0t 1 [0tr 2

32 1423 layout Fri 10/26/07 | Thu 410008

33 1428 Feview design Mon 4114005 Mon 44 408 14

34 1.4.2.4 procure prototype chip Mon 6208  Thu 1010% :

35 14241 Fit=t MOSIS run hon B/2005 Fri 52205

36 14242 test prototype(FRAL) Mon S/25005 | Fri 10010003

a7 14243 redesign Morn 5511039 Fri 552904

35 14244 submit 2ncd MOSIS run kon 641409 Fri 7451089

39 14245 test 2nd proto Mlon 84309 Fri 925109

40 14249 reviesn and approve Mon 972809 Thu 1009

41 1.42.5 procure production chips Fri 10/30/09 Thu 2/410

42 14251 Engineering run Fri 10/30/09 | Thu 1224109

43 14252 test chips(FMAL) Fri 1272509 Thu 20

44 1.43 Kapton flex cables HDI Wed 6408 Tue 2910

45 1431 design Wied 6405 Tue 8526108

46 1.4.3.2 procure prototype HDI Wed 82708 Mon 102609

47 14321 protatype Wied /27105 Fri 2427109

45 14322 test hon 37209 Fri &i14/09

49 14323 redesign Mon SM7T09 | Fri0i2309

S0 14326 reviesy and approve HDI prototype Mon 1002609 | Mon 1002609

1 1.4.3.3 procure production HDI Tue 10:27/09 Tue 2910

52 14333 final design review Tue 102703 Tue 10427103

53 1.4.3.31 procure Wied 10,2809 Tue 11210

54 14332 test cable Wied 11310 Tue 2310

] 1.4.4 Kapton HDI to ROC interconnect Tue 102709 Mon 42610

26 1.4.4.1 design Tue 1072709 Kaon 1153009

a7 1442 protatype Tue 121109 Wlor 1440

el 1443 test prototype Tue 1540 Mon 1810

=49 1444 procure Tue 111940 Mon 352910

B0 1445 test cable Tue 33010 hon 4526010

61 1.5 DaAG Mon 102306 Meon 17311

62 1.5.1 Fiber output ROC.-FEM Tue 1510 Mon 12610

B3 1 A4 design Tue 1540 Mon1M1M0

B
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FVTX Project File

18] WHS Task Mame Start Finizh e =08 =0 =071 =2
istHalf  [ZndHalf  [1stHalf  [ZndHalf [1stHalf [2ndHalf  [1stHalf  [2nd Half  [1st Half
Qtr 1@t 2 [Ofr 3 |Gt 4 |Gt 1 [tr 2 |Gt 3 [0tr 4 |Gt 1 [0t 2 [Gtr 3 [0t 4 [0t 1 |3t 2 [0t 3 [3tr 4 [Ofr 1 [tr 2

B3 1511 design Tue 1510 Mon 1110 i

64 15612 protatype Tue 1120 MonS531M0

G5 1513 procure Tue BMMD 0 Mon 1102210

BE 1514 test cable Tue 1172310 Mon 12810

&7 1.5.2 ROC Electronics Tue 130707 Thu T4

63 1521 design Tue /30007 | Mon 31907

53 1.5.2.2 procure prototype Tue 3720007 Fri 1810

70 15221 prototype Tue 32007 | hon 552107

1 15222 test prototype Tue 522007 Mon 7r3007 R O (:

72 15223 redesign Tue 73107 | hon 202508 .

73 15224 2nd prototype |drd version Mon 9403 Fri 9903 p ro d uction

74 15225 test zecond proto Maon 9722008 Fri 153009 -

7a 15228 PHEMIX system test Tue 1720003 | hon 3530009 C | OS e tO C”tl CEiI
TG 152289 internal design revies Fri 8/8005 Fri Si508

7 15227 preproduction prototype FYTH version Maon B/1.09 Fri11M309 p at h (n e(e d

7 15228 test ROC Morn 11609 Fri 14810

79 1.5.2.3 procure production ROC Mon 171810 Thu TA1% aS S ‘3 m b | ‘3 d

&0 15233 final design review Mon 1A18M0 0 Mon 1A 810 R O ("\S fo r.

&1 15231 production Tue 11940 hon 42610 ~

a2 15232 Gus, - 28 units Tue 4/27M0 Thu 7AH 0 d iS klcag e

g3 1.5.3 FEM Electronics Tue 13007 Thu 62410

&4 1531 design Tue 1/30/07  Mon 34807 te St N g)

a3 1.5.3.2 procure prototype FEM Tue 320007 | Mo 1711,/ ——

S6 15321 protatype Tue 320007 Wlon G407

a7 15322 test prototype Tue B/507  Mon 841307

it} 15323 redesign Tue 51407 | Mon 913508

59 15324 2nd protatype Tue SMBAS | hon 9529705

an 15325 test second proto Tue 8/30005 | Mon 149709

=y 15326 PHEMIX system test Tue 1720009 | Mon 3530009

a2 15329 internal design reviess Fri 88005 Fri 83508

93 15327 preproduction prototype FYTX version Mon 64109 Fri 111309

94 153210 Test FEM Mor 1116109 Fri1i8m0

.(d--—)
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FVTX Project File

[ WBS Taszk Mame Start Finizh ~O0& So0g =00 L 02
istHalf  [2ndHalf  [1stHalf  [2ndHalf  [1stHalf  [2ndHalf  [1stHalf  [2nd Hali  [1st Half
Qtr 12t 2 [Ofr 3 |G 4 Ot 1 [Ctr 2 |Gtr 3 [Otr 4 |3t 1 [Ofr 2 [Gtr 3 [0t 4 [0t 1 |3t 2 [0t 3 [3tr 4 [0t 1 [Gtr 2
94 153210 Test FEM Won 114 609 Fri1igM0
95 15328 revieswy and approve FEM Mon 1A1A0 0 Mon1A1M0
96 1.5.3.3 procure production FEM Tue 114210 Thu 62410
ar 15.3.31 production Tue 11210 Mon4M9rM0
95 15332 GCut - 28 Tue 4/2010  Thu 612410
939 1.5.4 Calibration Mon 10:23/06 Fri 1272906
100 1541 Design Pulze injection Mon 10723006 Fri 11M 706
101 1542 prototype Mon 1120006 Fri 124 506
102 15453 test protatype Mor 12118106 Fri 12729106
103 1.5.5 Ancillary Mon 3209 Mon 173711
104 1551 Racks Tue 313109 hhior 64509
105 154582 L% HY crates gtc Tue 331003 | Mon 352910
106 1553 DiCh-24 kon 342009 Fri 2826M0
107 1.554 Slawey contrals Tue 373109 Mon 32800
105 15455 Misc lab eqguip Tue 353010 Wlorn Bi7 M0
109 1556 instaill Tue B/5M0 hon 143011
110 1.6 Mechanics Fri 102105 Tue 8/3/10
111 1.6.1 specifications Fri 10:21/05  Mon 31609
112 1611 endcaps - specify hest load Tue 114205 Mion 20606
113 1612 specify mechanical tolerancesidistortions Fri 10521005 Thu 2306
114 1613 specify dizassembly/configuration options Fri 10/21/05 Thu 253106
115 1614 Internial resview Mon 9108 Mon 90108 -1
116 1615 final design review Maon 3MEM03 Mon 3H 6D & 316
117 1.6.2 Support structure cage Tue 41/08 Tue 87310
118 1621 design Tue 47103 Mon BI2308 J
119 1.6.2.2 procure prototype cage Tue 624108 Tue 92/08 i
120 16221 prototype Tue B/24105 Wlon 5405
121 16222 Review and approve cage design Tue 972005 Tue 95208
122 1.6.2.3 procure Wed 8/6/08 Tue 87310
123 16231 final design Wied 5805 Thu &/509 :
124 16232 detail drawings Wied 9808 Tue 81503 E;
125 1 5237 Cage Final design review Tue B/2503 | Wed 5/26/09 . 4 825
i)
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FVTX Project File

T WBS Tazk Mame Start Finizh e =08 =0 =071 =2
1=t Half 2ne Half 15t Half 2nel Half [1st Half 2nd Half  |1st Half 2ne Halt 15t Half
otr 1 [tr 2 [tr 3 [te o [Ote 1 [Ste 2 Ot 3 [Ote 4 Ot 1 [Qte 2 [Otr 3 [Gtr 4 (Gt 1[Gt 2 (Gt 3 [Gtr 4 [Gte 1 [Gtr 2

125 16237 Cane Final design review Tue 8/25/09  Wed BI26/09 825

126 16233 Cage Laizon Tue 8115109 Tue 7HEMD

127 16234 Cage Tooling Tue /5410 Tue 28110

128 16235 Cage Material Tue 12/8109 Tue 31610

129 16236 Cage Fahrication Tue 3MEMO Tue 55310

130 1.6.3 we (|ge |}ack|}|ane Fri 441/08  Mon 32910

13 1.6.31 design Fri 411103 Thu EiS03

132 1.6.3.2 procure prototype wedge backplane Fri 6608 Thu %2508

133 16.3.21 prototype Fri B/&M0Z Thu 8428008 B aC kp an e

134 16322 test Fri 812905 Thu 9i25i08 E . .

135 16324 interTial revies Tue 92005 Tue 9208 92 fab rication on

136 1.6.3.3 procure Tue 32608 Mon 32910 -

137 163341 final design Tue B/26005 lon S0EMDE % Cr Itl Cal path

135 16.3.32 constr drawings Wed 9M 0405 Tue 9430005

139 16337 Backplane Final design review Tue 34709 Tue 31709 *» 3T

140 1TE333 Backplane Liazon Tue 9/29/09  Mon 12709 p .

141 16334 Backplane Tooling Tue 972909 | Mon 1081 209 C ag e (in d [) I S k

142 16.3.35 Backplane Material Tue 8/28/03 | hon 1265709 H H

- fabrication very

143 16.3.36 Backplane Fahrication Tue 12/8/09 | hon 352940

144 1.6.4 support disk Thu 1407 | Ture 629,11 | | ri | I

145 1641 R&D design Thu 14007 Wed 512307 C Ose to C t Ca

146 1.6.4.2 procure prototype disk Mon 10:22/07 Tue 92/08 iath

147 16421 prototype Man 10722007 Fri 1201 4007

145 164272 internal resdiesn Tue 972008 Tue 952108

149 1.6.4.3 Procure Tue 326108  Tue 2910

150 16.4.3.1 final design Tue 512605 Won 905

151 16433 construction drawings Wied 9M0005 . Tue 114709

152 16439 Dizk Final desian review Wied 11/2509  Wed 112509

153 16434 Dizk Liz=on Wisd 12/209 Tue B29M0

154 16435 Dizk Tooling Wed 1/8M0 Tue 3MEMO

155 16436 Dizk Material Wed 1/8M10 Tue 3MEMO

156 1 6437 Dizk Fabrication Wied 373110 Tue 512510
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FVTX Project File

[ WBS Taszk Mame Start Finizh ~O0& So0g =00 L 02
13t Half 2nd Half |1t Half 2nd Half 1=t Half 2nd Half |1t Halt 2nd Halt 1=t Half
i2ir 1 [tr 2 [Gir 3 [Gtr 4 [Gir 1 [Gir 2 [Gir 3 (@i 4 [@tr 1 [Gir 2 |otr 3 [0t 4 |0t 1 [otr 2 |Gt 3 [Gtr 4 [Gir 1 [Gtr 2

156 16437 Disk Fabrication Wigd 331100 Tue 552510

157 1.6.5 Alignment and assembly jigs Fri 1002105 Tue 12610 —

158 1651 design weddge jig Fri 81105 Thu 9525085

159 1652 procure prototype wedde jig Fri 97260058 Thu 110608

154 1.8.37 procure production wedge jigs Fri11/809 Thu 12031109

161 16453 design cool plate jig Wied 1118093 Tue 121509

162 1654 procure cool plate ass jig Wied 121609 Tue 1526M0

163 1655 design cage ass jig Tue 8ME8109 Tue 120809

164 1658 procure cage ass jig Tue 12/8109 Tue 113910

165 1.7 Endecap Assembly Wed 21109 Thu %311

166 1748 azzembly lab setup Wied 241409 Tue 28110

167 1.71 Assemble ladders onto cooling plate Tue 5410 Mon 2711

165 1714 place wedges on cooling plate Tue B/22H0 Mon 1524011

169 1.7.1.2 optically survey wedges Tue 7810 Mion 257111

170 1713 Aszemble ROC Big Wheel Tue 5440 Mon 62810

171 1.7.2 Install into cage enclosure Tue 373110 Thu 5511

172 1.7.21 place coaling plstes in cage Tue 83110 wlor 4540111

173 1722 optically survey Thu 8/3040 Thu 55511

174 1.7.3 Install cages into VTX enclosure Thu 14311 Thu 9311

1745 1.7.54 Install 2 half cages in enclozsure into IR Thu 11381 Thu 1520011

176 1.7.35 test and verify functional requirements Thu 1720411 Thu 441 4511

177 1.7.389 Schedule Cortingency Thu 4714811 Thu 6530011

175 Install remaining half cages into enclosure in IR Thu B/30/11 Thu 71 411

179 test and verify remaining half cages Thu 7441 Thu 94511

180 1.3 Syg]em ||]teg| ation Fri 42508 Thu 31011

181 1.81 Mechanical egineer Fri 4725008 Thu 30011

182 152 Electrical Engineer Fri 4725008 Thu 310011

183 1.8.3 FVTX Management Fri 11609  Thu 123109

s
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Cost Updates Since Management Plan

Included In Current Costs:

FPHX prototyping costs less than MP $166k savings
Electrical Integration costs less than MP $ 61k savings
Mechanical Integration costs less than FY09 MP $ 19k savings
Cage and backplane costs higher than MP $177k additional cost
Extra mechanical design costs $ 30k additional cost
ROC/FEM prototyping costs increased (we think) $ 60k additional cost
Added PCB HDI task, testing fixtures, etc. $ 40k additional cost

HDI quote fits within MP

Sensor quote fits within MP

FPHX quote fits within MP

SiDet assembly quote fits within MP

Management Plan Cost = $4880k, Contingency = $927k
$1962k costs and commitments to date and remaining Contingency = $810k (38%)

Future Changes
Expect additional costs in power distribution
May reduce some backplane work costs if not done at LBNL (mounts)
boards need cost update — increase expected due to increased fibers _
PH>>><<<EN|X Melynda Brooks, FVTX Annual Review, November 2009 - Los Alamos
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ARRA FVTX Funds

$2M in ARRA funds received in summer 2009. Milestones:

Initiate Backplane procurement process 6/2009
Initiate Cage procurement process 6/2009
Start Recovery Act FVTX Management and Integration by LANL  7/2009
Initiate Ancillary System procurement process 11/2009
Review and approve ROC/FEM design 12/2009
Initiate ROC/FEM production procurement process 1/2010
Begin testing ROC/FEM board 2/2010
Begin attaching HDIs to Backplane 3/2010
Begin testing production version of FPHX chips 4/2010
Begin attaching chips to HDIs 6/2010
Begin attaching sensors to HDIs 7/2010
Begin testing wedge assemblies 8/2010
Begin assembling wedges into disks 9/2010

A
N2 .
PH/>/\<“EN|X Melynda Brooks, FVTX Annual Review, November 2009 - Los Alamos

MNATIONAL LABORATORY



FVTX Cost Estimate

2 endcaps

Mechanics

Cage

Backplane

Disk

Alignment and Assembly jigs

Sensor
Silicon Sensor
prototype sensor and test
purchase

sensor Q/A and testing
attach HDI to backplane
attach sensor

wire bond assembly

test wedge assembly
Sidet prototype assembly

FPHX
1 st Prototype
2 nd + 3rd Mosis run and test
FNAL coding W.Wester
FPHX test stands
engineering run
testing

1.6

14.1

1.4.2

WBS

1.6
1.6.2
1.6.3
1.6.4

1.6.5.2
totals

141
1.4.1.2
1.4.1.3

1.4.1.3.2
1.4.1.3.3
1.4.1.34
1.4.1.3.5

1.4.1.3.6
14.1.1
totals

1.4.2
14241
14244
14249
14249
14251

1.4.25.2
totals

TPC

Baseline Cost

2007 with contingency

352

60
412

85
410

50
30
30
188
40

833

175

240

50
465

AY

174
188
114

80
555

107
553

62
39
39
263
54

1118

242

385

64
692

Baseline

Conting

35
38
23
15
110

19
107

49

206

51

115

174

Remaining

contingency

41
28
20
11

230

AY$

251
147
86
60
544

139
410

59

208

45
19
888

90
89
20

254

55
513



FVTX Cost Estimate

2 endcaps

HDI bus
flex cables, sensor to ROC

Readout Electronics
ROC electronics
preproduction proto
Clock and Interface
production
Q/A

FEM electronics
preproduction
production
Q/A

fibercables, ROC-FEM

lab equipment

Ancillary Systems
Racks,LV,HV,DCM,crates,install
slow controls

calibration system

Assemble endcap

Electronics Integration
Mechanical Integration

Management

WBS
1.4.2 totals

143
144

totals

152
1.55.2

1.5.5.3.1
1.5.5.3.2
totals
1.5.3
1.5.3.2
1.5.3.3.1
1.5.3.3.2
1.5.1
1.5.5.5
totals
155
1.5.5.1-1.55.6
1554
1.54
totals
1.7

1.8.2
1.8.1
totals
1.9
total

TPC

Baseline Cost

2007 with contingency

465

143
56

1497

71

337
14
422

80
301
14
17
100
512

104
30

165
250
415
200
3593

692

194
70

2074

100

497
18
615

116
444
18
21
117
716

123

130
42

189
311
500
249
4881

Baseline
Conting
174

428

26
111
139

29
99

10
143

23
35
58
28
927

Remaining
contingency
179

352

-43
-40
123

42

110

101
217

71
61
132
34
810

32
Cost

AY$
513

259
62

1722

144
40
374
16
574

115
334
16
19
16
500

110

116
33

118
250
368
215
4071



Summary

 Significant technical progress in the last year — prototyped almost
all components, tested, reviewed and moving into production. No
significant issues uncovered

 Critical path FPHX development went very well

 However, all other wedge components basically on critical path
(good news/bad news)

e Currently have ~19 weeks contingency in schedule (23%)

e Project Costs reasonably maintained with $810k (38%) remaining

contingency
=t Ih S {' / : procure sersor(fully tested) Fri102308 | Thu2M1A0
bR SEnsar Gla Fri2fz2M1o Thu 22510
- = @ Attach HDI to Backplane Tue 212M0 hlon 35800
glue chips ta HDI Tue 218310 Maon 4726010
test chips and HDI Tue 2M6M0 0 Mon SHMOM0
Aftach senzor Tue 22340 Mon SMOMO
wire bond assembly Thu 22510 Wed 772110
: test chip,zensar + cable aszemblies Thu 32510 Wed 81510
———— wire biond encapsulation Thu dM M0 Wed 82510
Aszembly Cortingency Thu 4M M0 Wed Sf26M0
attach backplane mounts Thu G310 | Wed 10,2710

— T ¥ Chin Thu 31507 Thu1.-21.-'1nl———!—_!!—7
Al :
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Day’s Agenda
10:00 - 10:30 Simulations — Xiaorong Wang

Break

10:50 - 11:30 WBS 1.4.1, 1.4.2, Sensors/FPHX Readout Chip — Jon Kapustinsky

11:30 - 12:00 WBS 1.4.3 HDI - Doug Fields

lunch

1:00 - 2:00 WBS 1.5.2, 1.5.3 DAQ Overview — Sergey Butsyk

2:00 - 2:30 WBS 1.4 Wedge Assembly — Dave Winter

2:30 - 2:50 WBS 1.7 Detector Assembly — Steve Pate

break

3:00-3:20 WABS 1.6 Mechanics -- Walt Sondheim

3:20-3:40 WBS 1.8.1 Mechanical Integration -- Robert Pak

3:40 - 4:00 WBS 1.8.2 Electrical Integration — Eric Mannel

N A
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Backups
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Participating and Interested Institutions

Los Alamos National Laboratory

LANL coordinate work to procure the silicon sensors, work with FNAL on the development of the PHX chip, on
development of the interface to PHENIX DAQ, and on the simulation effort with NMSU. Los Alamos is currently leading
the mechanical engineering and the integration effort for the barrel detector, VTX, and will continue those efforts for the

FVTX.
Bhabha Atomic Research Centre

Involvment still under discussion

Brookhaven National Laboratory

Brookhaven manages the integration and ancillary systems for the VTX and will do the same for the FVTX. They might
also participate in software and the assembly of the disks and cages.

Charles University, Czech Technical University, Institute of Physics,
Academy of Sciences, Prague

The Czech groups have been active in the development, testing, assembly, and commissioning of the ATLAS pixel
sensors. They will do the same for the FVTX effort and additionally participate in software development.
Columbia University

Columbia University has major responsibility with the complete wedge assembly and testing. They are also have co-
responsibility for the FPHX chip and are active in the software simulations.

lowa State University

lowa State University is currently working on management details with the barrel detector and working on an (funded)
SBIR effort for the level one trigger capabilities of the FVTX.

New Mexico State University
NMSU will be responsible for the FVTX detector assembly, as well as managing and working on comprehensive
simulations for the FVTX effort and working on the sensor testing.

Saclay

Saclay will work on software

A
N2 .
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Participating and Interested Institutions

University of Jyvaskyla

Involvment still under discussion. Have indicated that they will contribute students in the assembly and

testing

University of New Mexico

UNM has experience in testing, Q/A and a laboratory for characterization of sensors. They are currently
working on the barrel strip sensors and will do the same for the FVTX effort. They may also work on the flex
cables.

Yonsei University, Seoul, Korea

Involvment still under discussion

P
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WBS Number Control Milestone Name Baseline Actual/
Date Forecast
Date

WBS 1.1 DOE construction funds received Q3 FY08 Q3 FYO08

Accounts open Accounts open Q3 FY08 Q3 FYO08

WBS 1.6.2.2.2 Review and Approve wedge, disk, Q3 FY08 Q3 FYO08
cage design

WBS 1.4.3.2.5 HDI tested Q3 FYO08 Q2 FY09

WBS 1.4.1.2.3 Sensor prototype tested Q1 FY09 Q1 FY09

WBS 1.4.1.2.5 First prototype wedge assembly Q1 FY09 Q2 FY09

WBS 1.5.2.2.6 PHENIX system test complete Q1 FY09 Q3 FY09

WBS 1.5.2.2.8 Review and Approve FEM and Q2 FY09 Q1 FY10
ROC

WBS 1.4.1.3.1 Sensor Procurement complete Q3 FY09 Q1 FY10

WBS 1.4.1.2.6 Wedge assembly test complete Q4 FY09 Q4 FY09

WBS 1.4.2.5.1 FPHX engineering run complete Q1 FY10 Q1 FY10

WBS 1.5.3 ROC and FEM production Q2 FY10 Q2 FY10
Complete

WBS 1.7.1.1 Disk Assembly begins Q3 FY10 Q3 FY10

WBS 1.5.5.6 Install ancillary Equipment Q4 FY10 Q4 FY10

WBS 1.7.1.1 Disk Assembly complete Q1 FY11 Q1 FY11

WBS 1.7.2.1 Cage Assembly finished Q2 FY11 Q2 FY11

WBS 1.7.3 Install into VTX enclosure Q2 FY11 Q2 FY11

WBS 1.7.3 Project Complete Q3 FY11 Q3 FY11

—~—
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Schedule Changes in FY09

Reminder: Construction Start
* Management Plan sign-off March 2008
« Construction Funds April 2008 - $500k in FY08

FPHX chip (FYO8 Critical Path driver) prototyping and testing went reasonably
smoothly. Float in schedule, for 3" round, not needed

Other non-critical items moved to critical path: HDI, backplane, sensor, cage, disk,
ROC+FEM moving closer

* We wanted all components to wait for system test before production>wedge
components “caught up” with FPHX schedule

» Sensor purchase took longer than expected to place

« ROC/FEM design work much slower than anticipated (sharing of resources,
more complexity in design)

» Mechanical estimates for fabrication in MP much less than current estimates
from LBNL, taking 6+ months to place order (mostly waiting for quotes)

Wedge assembly more clearly defined, somewhat shorter than MP

X | ;
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Funding and Spending Profiles
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Project Manpower Fraction
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Estimated Manpower

Off Project Manpower Ave Tech = $100k

Ave Engineer = $200k

12+

11.51 On project FTE's
114
10.54
FTE o 51
104 =]
9.5- O Institutional FTE
’ 0O proj management
8.5 W engineer
FY08 FY09 FY10 Btech
Fiscal Year
From Workforce Spreadsheets- covers all
scientists, and training for postdocs and FY08 | FY09 FY10
Fiscal Year
students.
From FVTX Project File
Al . I
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On Project Workforce

WBS tech $ Eng $ tech08 tech09 tech10 eng08 eng09 engl0
1.4.1.3.2 junm 50 50
1.4.1.3.3 cu 30 26 4
1.4.1.3.4 cu 30 26 4
1.4.1.3.6 cu 40 15.4 24.6
1.4.2.4.3 fnal 30 30 :
14245 fnal 15 15 On pI'O]eCt manpower costs
1.4.2.5.2 fnal 50 50
1.4.3.3.2 |unm 18.2 18.2
1.4.4.5 unm 18.2 18.2
1.5.1.4 unm 6 6
1.5.2.2.7 lanl 26.6 30.7 26.6 30.7
1.5.2.3.1 lanl 26.6 30.7 26.6 30.7
1.5.2.3.2 lanl 14 14
1.5.3.2.7 lanl 24.8 30.7 24.8 30.7
1.5.3.3.1 lanl 17.9 23.7 17.9 23.7
1.5.3.3.2 |lanl 14 14 o
1.5.5.2 bnl 5 5 B
1.5.5.4 bnl 5 5
1.5.5.6  bnl 5 5 ]
1.6.2.3.1 hytec 20 20 .
1.6.2.3.2 hytec 10 10 O proj management
1.6.2.3.3 hytec 5 5 .
1.6.3.2.2 |hytec 5 5 Bengineer
1.6.3.3.1 hytec 10 10 Otech
1.6.3.3.2 hytec 2 2
1.6.3.3.3 hytec 5 5
1.6.4.3.1 hytec 10 10
1.6.4.3.3 hytec 5 5
1.6.4.3.4 hytec 5 5 FY08 FY09 FY10
1.6.5.1 hytec 10 10 .
1.6.5.3 hytec 10 10 Fiscal Year
1.6.5.5 hytec 10 10
1.7.1.1 bnl 10 10
1.7.1.2 bnl 5 5
1.7.2.1 bnl 5 5
1.7.2.2 bnl 5 5
1.7.3 bnl 5 5
1.8.1 lanl 250 83.3 83.3 83.3
1.8.2 cu 165 55 55 55
1.8.3 lanl 200 66.6 66.6 66.6
663.3 630.8 22 341.8 99.5 274.9 327 228.6
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On Project M&S Costs

FVTXM&S Costs

WBS # Task FYo08 FYO09 FY10
1.4.1.2.1 Mask Set 67
1.4.1.2.2 sensor pro 36.9
1.4.1.2.3 test protot 5
1.4.1.2.4 wire bond | 5 M&S
1.4.1.3.1 procure sensor 381.5
1.4.1.3.5 wire bond sensor 208
1.4.2.4.4 |ChipProto 144.8 188
1.4.2.5.1 |production run 161 100 1400+
1.4.3.2.1 prototype t 5
1.4.3.3.1 procure HDI 123 1200+
1.4.4.2 prototype i 5
1.4.4.4 procure 35.4 1000+
1.5.1.3 procure fiber 11.8
1.5.2.2.7 |preproduct 76 ks 800
1.5.2.3.1 production ROC 312 | o
1.5.3.2.7 | preproduct 85.7 600
1.5.3.3.1 |production FEM 288.3 400-
1.5.5.2 LV,HV,crates,etc 44.3
1.5.5.3 DCM 48.7 200
1.5.5.6 |Misc. Lab 100
1.6.2.3.4 tooling cage 7.8 0-
1.6.2.3.5 |material 10 EYO08 EY09 EY10
1.6.2.3.6 |fabrication 50 .
1.6.3.2.1 | prototype \ 5 Fiscal Year
1.6.3.3.4 tooling wedge 15
1.6.3.3.5 material 33.6
1.6.3.3.6 fabrication wedge 9
1.6.4.3.5 |toolig disk 10
1.6.4.3.6 material 20
1.6.4.3.7 |fabrication 30
1.6.5.2 procure wedge jig 9.1
1.6.5.4 procure disk jig 10
1.6.5.6 procure cage jig 10
268.7 1381.9 1001.3
A .
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Performance Requirements

Silicon Sensors - good efficiency and resolution, low noise, minimize
radiation length

DAQ - keep up with expected data rates, ability to participate in Lvi-1

Integration into PHENIX - seamless integration into PHENIX data-taking

Minimum Acceptable Expected Performance
Mini strips active L >90% . >95%
hit efficiency / >95% | \ 99%
Radiation length per wedge { <24% | | 1.5%
Detector hit resolution \ <25um| / ~15 um
Noise hits/chip N <% <<1% (thresh:noise=5)
LVL1 latency / ZFus| \
LVL1 Multi-Event buffer 4 events )
depth
Read-out time \  <40ps| /
Read-out rate N> 10 kHz |/

~__— P

Al
PH-<ENIX Melynda Brooks, FVTX Annual Review, November 2009 - Los Alamos

MNATIONAL LABORATORY



PH

Physics Performance Requirements

* Noise levels can be higher than nominal, but need to maintain approximately
nominal threshold:noise ratio.

Minimum Acceptable

Expected Performance

Mini strips active >90% >95%
hit efficiency >95% 99%
Radiation length per wedge <24% 1.5%
Detector hit resolution <25 pum ~15 pm
Noise hits/chip <1% —> <2000 e noise, 400 e noise,

thresh:noise >= 4

thresh:noise = 5

'—Y__
~ENIX

LVL1 latency 4 ns
LVL1 Multi-Event buffer 4 events
depth

Read-out time <40 us
Read-out rate > 10 kHz

Melynda Brooks, FVTX Annual Review, November 2009
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