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The Subsystem
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Strong back | |

72 | Quad-GEM Gain Stage
| 1'\'\ « 2(z) TZC()q))U zs(r) Operated @ low IBF

e WBS 1.2.1 - TPC Mechanics = Field Cage with full azimuthal
coverage and |n| < 1.1

Central Membrane CM
Endplates EP, 2 in z
Modules, 12 in ¢, 3 inr

e Modules based on Quad-GEMs for continuous readout and
low lon Back Flow IBF

Outer Field Cage O-FC,R=78 cm,L=211cm
Inner Field Cage I-FC,R=20cm,L=211cm

* Present gas choice provides drift time of ~ 18 us, single spatial
point resolution < 250 um, low IBF
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The Subsystem Technical Overview

 Dimensions and designs dictated by
— Inner/outer radius 2 magnet and inner/outer detector design

— Length - pseudorapidity
— Design of field cages = minimum space

and maximum stability

— Design endplates 2 minimum material
budget, maximum stability

— Design modules =2 maximum integrity, least
producibility, maximum performance

1.24mm 0.15mm
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Scope
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e WABS 1.2.1 contains all elements that lead to the successful
assembly of the TPC mechanics (WBS 1.2.1.8) and eventually
make the TPC ready to install

Aug 2-4,2017

TPC v1 Field Cage Prototype

TPC v2 Field Cage

TPC Final Field Cage

TPC v1 Modules

TPC v1 Module Gas Enclosure

TPC vl Module Common Mechanics
TPC via Module Prototype

TPC v1b Module Prototype

TPC v2 Modules

TPC v2 Module Gas Enclosure

TPC v2 Module Common Mechanics
TPC v2a Module Prototype

TPC Production GEM Acquisition
TPC High Voltage System

TPC Assembly
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Subsystem Collaborators oHENX

e CAM WBS 1.2.1 TPC Mechanics: Klaus Dehmelt (Stony Brook University)
— Research Scientist

Since 1999: HEP/HI Experiments: HERA-B (DESY-HERA), COMPASS (CERN-SPS), L3 (CERN-LEP), PHENIX (BNL-RHIC).
Detector Systems: HERA-B Outer Tracker System (installation/commissioning), COMPASS-GEM Small Area Tracker
(SAT) (design/construction/installation/commissioning), DESY-Large Prototype of a TPC (LC-TPC collaboration)
(design/construction/installation/commissioning, management), PHENIX-Detector Council Member (Drift Chamber
subsystem, 2011 — 2016), R&D: Csl-GEM RICH, large area GEM chambers, TPC lon Back Flow

e L2 Manager WBS 1.2 TPC: Thomas K. Hemmick (Stony Brook University)

— Distinguished Teaching Professor

Since 1988: Heavy lon Experiments: E814 (BNL-AGS), E877 (BNL-AGS), PHENIX (BNL-RHIC). Detector Systems: E814
drift/pad chambers (construction), E877 MWPC chambers (design/construction/management), PHENIX RICH
(design/construction/management), PHENIX drift chambers (design/construction/management), PHENIX hadron
blind detector (design/construction/management), PHENIX MPC-EX (construction). R&D: CsI-GEM HBD, CsI-GEM
RICH, W-Si preshower, large area GEM chambers, TPC-Cherenkov hybrid, TPC lon Back Flow

e John Cozzolino (CAD BNL)
— Senior engineer

25+ years involved in numerous aspects of the design development and construction of superconducting
accelerator magnets. Specialized in computer-aided engineering analyses critical to the R&D, design and
manufacture of such magnets primarily for RHIC at BNL and the LHC at CERN

e Steven Bellavia (CAD BNL)

— Senior engineer

25+ years performing mechanical analysis, design and fabrication of detectors, for PHENIX (1992-1995), RHIC (1998-
present), NSRL (1999-2003) and LSST (2013-present)
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Schedule Drivers

WBS 1.2.1.6 TPC Production GEM Acquisition

e Factory production follows a Start-Start relationship to GEM
production

e Module assembly takes less time than GEM production
(PHENIX HBD experience)

e GEM schedule drives module production schedule and TPC
overall schedule

108 4 TPC Production GEM Acquisition 160 days ' I‘ :  J
109 Train Technician to work in CERN Shop on TPC GEMs 2 mons '
110 Produce TPC GEM foils (includes Technician fees) 6 mons ' v_>
111 GEM Production Complete 0 days . + 67 days
112 TPC High Voltage System |431 days '
11 TPC Assembly 222 days . L 4
124 4TPCR1Modules 581 days " <

TPC R1 Module Factory Preparation 40 days l

TPC R1 Pre-Production Module 298 days

4TPC R1 Module Production 190 days .

139 Procure TPC R1 Module frames 40 days 20 days
140 Procure TPC R1 Module strongbacks 40 days | 20 days
141 Procure TPC R1 Module Pad Planes 40 days | 20 days
1 Procure TPC R1 Module Grids 40 days " | 20 days
143 Build TPC R1 Modules 6 mons “ ‘
144 Test TPC R1 Modules 6 mons I—»_L
145 TPC R1 Production Ends 0 days L 47 days

Aug 2-4, 2017 sPHENIX Director's Review 6



Cost Drivers

e Latest bottom-up cost estimate reveals the cost drivers to be

— WBS 1.2.1.1 TPC v1 Field Cage Prototype

— WBS 1.2.1.2 TPC v2 Field Cage

— WABS 1.2.1.6 TPC Production GEM
Acquisition

— Contingency at purchase-by-purchase level 2 weighted contingency

Details of the Base Estimate (explanation of the Work)

Grand Total
$254,933.65

Grand Total

$216,818.70

Grand Total

$174,296.00

The field cage estimate is driven by several factors, Thefirst factor is the mandrel. The mandrel is a precision oyl
mandrel is outfitted in a manner similar to a large Iathe, but is made from significatly lighter construction materi
a 12-facad cylinder. each face of the cylinder is capped with a machinable foam of intermediate density (20 Ibs/f|
with high precision under computer control nd also transiste 3 "utility stage" along the length of the cylinder. T)|
cutting the foam, or with = microscope stage when zligning the field cage electrodes. The foam stage of the mand
with the insulating kapton. The mandrel systam was d d at SBU using off-
size and is formed from = pipe that hined in the SBU shop to p radius. Since only an
systems. This cancels errors due to manufacturer variance in the linear positioning equipment. The fine electrol
40feet in langth. These will be constructad in industry snd machina populstad with HVPW resistars manufactur|
Izyer kapton insulater will provide more than = factor of five s=fety margin for holding voltage even =t =n electric
practiced stapfor physicists. For this reason, we have turned to the FW Hall company to design a custom appara
This system us i i ic particle clutches to schieva co

and st

tension

Details of the Base Estimate (explanation of the Work)

The cancept behind the v2 field cage is to make incremental improvements over the v fisld cage and have a device th

field cage consiste of four major components: inner field cage, outer field cage, wagon wheels, and central membrang]

protatype presuming that they proved worthy. For our cost assumptions we have presently sssumd that we will rapla

$299,220.44

$278,182.44

$209,155.20

Grand Total w/ Contingency

Grand Total w/ Contingency

Grand Total w/ Contingency

quetes from Al Flexfor flexible circuit cards, from Stackpole for HYPW resistors, from FW Hall company for the te
estimates for the wagon wheels

Cost Summary

link for detailed sumal

The costs of the TP field cage v1 prototype are born by LDRD funds. These costs sre ovarwhalmingly from slread

Trand Total Grand Totalul
Contingency

3.65 295,220 42

v2 Field Cage-Summary

» .. | v1Field Cage-Summary Final Field Cage-Sun
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Cost Summary

[follow link for getsiled summary]

The costs are all based upon the same estimates a5 from the v1 prototype and therefore add to = similar total. Here v
prototype asa means of being robust against future cost increases

Brand Total Grand Totalul
Contingenc:

$278,182.44

5216,312.70

Details of the Base Estimate (explanation of the Work)

The team of Dehmelt [sPHENIX) and de Oliviers [CERN) hzs long experience working together since the first GEM

far the COMP.

danein

zentlemen. Bacause of this relationship, we have found it easy to get detsiled and realistic cost estimates from CERN

by exactly these two

Contingency

» ... | ¥1Field Cage-Summary v2 Field Cage-Summary Final Field Cage-Summal

Cost Summary
[follow for detsiled summary]

The present estimate including the hiring and training of 2 CERN technicizn is included in the GEM acquisition

Grand Total [rand Total vl Contingen)

5174,296.00 5209,155.20

Contingency

The ream nf Nahmalr (sBHENIY) 3nd de Dliviara [CEEN) has lans sxnariancs.

» .. | vl Modules-Summary v2 Modules-Summary
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Basis of Estimate and Resource-Loaded Schedule

e WABS 1.2.1 contains 8 work packages

SPHENIX Detector
Relativistic Heavy lon Collider
BASIS of ESTIMATE (BoE)

L2 Project Name L2 WBS Number L3 Project Name (Control Account) |L3 WBS Number
Time Projection Chamber F:2 TPC Mechanics
Work Package Name WBS Number Basis of Estimate Link
TPC v1 Field Cage Prototype 1211 TPC v1 Field Cage Prototype
TPC v2 Field Cage 1212 v2 Field Cage-Summary
TPC Final Field Cage 1213 Final Fleld Cage-Summary
TPC v1 Modules 1214 v1 Modules-Summary
TPC v2 Modules 1215 v2 Modules-Summary
TPC Production GEM Acquisition 1.2.1.6 GEM Acquisition-Summai
TPC High Voltage System 1.2.1.7 High Voltage System-Summa
TPC Assembly 1.2.1.8 Assembly-Summary
e Each work package is Imked from the Title Page
sPHENIX Detector Date of Est: Assumplions Used in Develo wul limate
e ALE TG Up st it e
Relativistic Heavy lon Collider Prepared By e T mpman ve = e
BASIS of ESTIMATE (BoE) DaeNo:
[refer Rev. o
WES Number: ] RN s s sl iy vy k. o s o

AUGE Thir

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Dietalls of the Base Fstimate (explanation of the Wark)

i
Estimate Type [check all that apply):
X Work Compl ete . .
T e o Link to detailed
x c Ing L ustria ion Database Cost summary
X Bu en r based on Sketches, Drawings, or other Written C. R— i g 4 i i
X__ En base: P t
S Eraneanun Eouar based on Ao cost summary
X__ Ezper on o

e Within each file 2 pages per L4 |tem
— Summary page explains BoE Details and Assumptions.

— Intended to be readable without additional documents open and at the
ready.
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Initial Cuts
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Dust Catcher b

 OQuter Field Cage v1 prototype [
— Mandrel finalized '
— Field cage in production a

=
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Status and Highlights PN

e TPC vl modules

— Common mechanics
designed = submit to
SBU workshop

— TPC vla module
prototype: GEM design
finalized 2 submit to
CERN workshop

— Readout board with zig-
zag shaped pads

124mm 0.15mm designed -> submit to

provider

16 rows ~1.25 cm
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Issues and Concerns or Summary ™"

e |ssues and concerns
— GEM production exclusively at CERN
— Mitigated by hiring technician exclusively for sPHENIX production
— Big GEM production (ALICE TPC, CMS) completed in 2017/2018

e Summary

— AIll WBS items in BoE well understood
* Purchases, quotes, contracts, analysis, experience

— All WBS items have contingencies on a very mature level
— Risk items on a very low level

— Tasks are well progressing
e TPC O-FC v1 prototype nearly completed
e TPC Modules v1 well on track
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