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%o Overview

" Introduction

» Technical components

= (Cost and Schedule

= Project flow, critical path, and risk analysis
= Breakout talks

" Glossary of terms
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BTy .
%0 Requirements

= Provide an interaction region at CO with " <50 cm

» Support luminosity of >1E32 cm~sec’!

= Keep magnetic components clear of CO Collision Hall

= Maintain capability of running CDF and DO experiments
= Complete installation in the 2009 shutdown

»= Reuse as much Tevatron infrastructure as possible
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—Co Tevatron C0 Region

Ly Collision Hall

Tevatron beamline: B43 to C17

(445 m, 7% of Tevatron Ring)  »

+ B4, C0, C1 service building installations
+ remove 4 magnets @A4/B1
+ modify a few corrector circuits
- CO collision hall (after 2005)
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BTtV . ]
_~Co CO01IR Major Technical Components

= New LHC-type quadrupole magnets (10 installed)
= New spools (10 installed)

» “spool” == corrector magnets, power leads, safety leads, .....
» Electrostatic separators (6 installed)
= Power supplies

* Nonmagnetic cryogenic elements

» cryogenic bypasses, cryogenic spacers, “turnaround” cans, ....

= [nfrastructure modifications

» cryogenic headers, shielding, controls, software, operations, ....

= Installation 1n 2005, 2007, 2008, 2009 shutdowns

Director’s CD-2/3a Review of the BTeV Project — Sept. 28-30, 2004
CO Interaction Region — Mike Church



BTeY

o

Organization

Base cost: $28.1M (Material: $15.5M, Labor: $12.6M)

WBS 2.0
M. Church
WBS 2.1 WBS 2.2 WBS 2.3 WBS 2.4 WBS 2.5 WBS 2.6 WBS 2.7
magnets 2005 shutdown power supplies cryogenics controls instrumentation separators
D. Chichili P. Garbincius G. Krafczyk J. Theilacker S. Lackey R. Thurman-Keup R. Bossert
WBS28 | | WBS29 | | WBS2.10 | | WBS2.11 | | WBS 212 ) WBS 2.13
2008 shutdown 2006 shutdown 2007 shutdown 2009 shutdown com?rl;is‘:iz:)ll.leing m;cncaiel:; ::lts
R Reilly R. Reilly R. Reilly R. Reilly G. Annala M. Church
P. Garbincius
J Johnstone
WBS 2.1.1 WBES 2.1.2 WBS 2.1.3
low beta magnet
new spools
quadrupoles management
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BTeY

%0 Lattice

00 @ F* = 0.35m - BD & DO @ f° = 1 65m

Features:
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= Magnetic elements stay N
outside CO0 collision hall o e
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* Two modes of operation: Path Length (m)

= collisions @ CO or

= collisions @ B0 and D0

CO0 collision lattice

The lattice design is mature, and any future modifications are
on the level of fine tuning.
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%0 Beam Halo

Scenario n ht | et y uwr
No B48,nowall | 24.2 | 14.5 | 58.9 | 1147 | 2.80
B48, no wall 11.0 1 9.29 (424 | 730 | 1.81
B48, 2m wall 6.29 | 2.48 | 7.55 | 132 | 1.00
10° particles/sec entering collision hall (R<3.5m)
Source DO BO COo
Nuclear elastic beam-gas 8.8 8.0 9.4
Large angle Coulomb beam-gas | 0.12 | 0.06 | 0.1
Tails from collimators 2.4 3.5 0.99
Elastic p-pbar at two IP’s 0.144 | 0.105 | -

beam loss rates (10%/sec) u.s. and d.s. of IP’s

Beam halo calculations have been completed. Background rates are
reduced a factor of ~10 with shielding and new collimator.

L _____________________________________________________________________________________________________________________________________________|
Director’s CD-2/3a Review of the BTeV Project — Sept. 28-30, 2004
CO Interaction Region — Mike Church



Tune Footprints

Antiproton bunch #6 tune footprint with 270E9 protons.

Tune fonrprinis: Hun [T and BTeV Lartice, 980 GeV
0.605

Fim Ii o

ETeV &

[:I-ﬁ B ‘ﬁ =1

0595 | e i

050 '45_}“ -
'\.-‘?'m:
0585 | oo oo i
038 -
ﬂj‘_IrS 1 1 1 ] 1
L5385 (.59 595 (.6 1), 6ild5 bl 0.615

U'.'

Director’s CD-2/3a Review of the BTeV Project — Sept. 28-30, 2004
CO0 Interaction Region — Mike Church



BTeY

o

Low Beta Quads

Features:

= Modified LHC design —
cold mass is nearly
identical; cryostat is
redesigned to fit into the
Tevatron tunnel

= Length varies from 1.4m
to 4.4m

» Required current is
9560A

= 10 magnets to be

MLI ——
l-phase return

Z=phase shell

Cold mass——

/‘ Support post

/—'\!nmmm vessel (247 OD)

Z-phase return

—@14.000

l-phase supply

" ——B80K shield
'\ e

installed: 2x(Q1-Q5) | N v e
Y & |
1y \\—(012 . 750 cold mass OD
N X unnel oor
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Spools

= 10 spools to be installed
(3 types)

= Corrector packages
contain V dipole, H
dipole, quad, skew quad,
or sextupole coils

= J0KA HTS leads
provide power to adjacent
quadrupoles

2-phase heat
exchanger

Liquid Nitrogen
volume

Vacuum
break

Corrector

Vacuum vessel

Helium vessel

X2 spool
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%o HTS Leads

= 6K A lead pairs have been used in
the Tevatron for ~3 years

= We have successfully tested these
lead pairs to 10K A under pressure and
temperature conditions similar to
Tevatron operations

= Baseline proposal is to use 7 of
these lead pairs already in hand and
purchase 6 more with identical
external dimensions

= (at CD-1, proposal was to use 2
6KA HTS lead pairs per spool)

HTS == High Temperature Superconductor

American Superconductor Co
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BT¢

A%

o

Corrector Magnets

Corrector Magnets
Slot Total
Spool | Length, VD HD 5Q SX Q* per
T. m T. m T.m/m | Tm/m2 | T.m/m

m Spool
X1v 1.83 0.48 450 25 3
X1H 1.83 0.48 450 25 3
X2 1.43 0.48 0.48 2
X2 1.43 0.48 0.48 2
X3 1.43 0.48 0.48 7.5 3
X3 1.43 0.48 0.48 7.5 3
X2 1.43 0.48 0.48 2
X2 1.43 0.48 0.48 2
X1v 1.83 0.48 450 25 3
X1H 1.83 0.48 450 25 3

Baseline proposal is to use a BNL design
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BTeY

co Nonmagnetic Cryogenic Elements

9 new nonmagnetic cryogenic
elements will be installed for the CO
IR project: bypasses, spacers,
“turnaround” cans

These elements house cryogenic
piping for helium and nitrogen, and
carry superconducting cable for the
main Tevatron bus.

Modifications to the Tevatron helium
and nitrogen headers will also be
made in order to make room for the
new magnets.
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6 electrostatic separators will
be installed for the CO IR
project.

These separate the proton and
antiproton beams onto helical
orbits.

These are identical in design to
the separators currently in use
in the Tevatron. Currently new
separators are being fabricated
and tested as part of the Run II
upgrades.

Power supplies and polarity
switches will also be built as
part of this project.
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G Power Supplies

In addition to separator power supplies, the following power
supplies are required:

= 3 10KA supplies for LHC-type quadrupoles

= Similar to successful MI design, but with lower voltage
= 4 5KA supplies for reused Tevatron Q1 quads

= Similar to successful MI design, but with lower voltage
= 2 200A shunts for LHC-type Q1/3 quadrupoles

= Based on recent design for MI dipoles installed @ CO
= 26 100A supplies for the corrector magnets

= Similar to MI design, but with additional quench detection
circuitry
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Co 2005 Shutdown

The CO straight section
must be reconfigured to

allow staged installation
of the BTeV detector.

Currently the Tevatron
uses MI dipoles to
complete the bend at CO.
These extend into the CO

collision hall. MI Dipoles 8%

These will be removed
and full length Tevatron
dipoles will replace the
half-length dipoles
currently in B4 and C1.
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Co 2006 — 2009 Shutdowns

= 2006 shutdown
* no work currently planned
= 2007 shutdown (2 months)
= LCW (Low Conductivity Water) and buswork installation
= 2008 shutdown (2 months)
= LCW and buswork installation continued
= Removal of Qls and P-spools from A4 and B1
= Modification of cryo headers at B4 and C1
= 2009 shutdown (4 months)
= Full installation of CO IR components
= Almost all devices between B43 and C17 get moved or replaced

= Move 23 dipoles, install 28 quads/spools, 7 cryogenic
devices, 6 separators, 2 shield walls, 2 collimators
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BTeY
Ao Construction Cost

Activity JActivity Name Base Cost ||Material Labor Total Total Total Total Total Total Total
ID (%) Contingency [|[Contingency [JFY05 FYO06 FYQ7 FY08 FY09 F¥Y10 FY05-10
(%) (%)

2.1 New magnet 18,702,403 32 40[15.754.242||18,577,140||5,938,368)14.755,008)| 419,219 Ofl25.443,975
fabrication and
test

| ||2005 shutdown " 771, 43r|| 18|| 30" 839, 089" 119,176 || II || || || 958, 265|
Power supphes 2 646, 6?2 Ol | 1 950,225 1 045,680 432 925 3 408 3 432,238

2.4 Cryogenic 1.136.,380 30 262,036/ 121,590( 887,053 190,137 1,460,817
systems
Controls 543 917 ." 0 51 2171 188 96? 701 138
Instrumentaﬂon 144 160 215 432 21 5,452

2 7 Eleclrostatlc ?24 803 520 675 351 212 38 838 91 0,725
separators

|2.8 "2008 Shutdown " 1.11 r’.989" Il || " " 0"1.545:05?" " || 1.545.05f|
|2 10 "2007 Shutdown " 513, 375" 3?" || " " 702, 122" " " || 702, 122|
|2 11 "2009 shutdown " 1,736, 502" Il || " " II D"‘I 825, 4r’5||3r‘3 139" 2,198.61 4|

2.12 ||Hardware 89,580 32,41001132,210 164,621
commissioning

Project 0 0 0 0 0 0 0 0 0 0
management

. r r I I T I T T ]
| 2||flle_20_092204 "28.12?.228" 31|| 38"?.0?0.819"8,81?,90?"9.998.444"8.399,263"2,93?’.834"508.?5?"3?.?33.023'

(.0
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_~Co M&S Obligation Profile by Fiscal Year

WBS 2 IR M&S Obligation Profile
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Labor Profile by Fiscal Year

CE = No Filter

Filter: C1 = CONETRLUCTICN

BTeV - WBS 2.0 INTERSECTION REGION
Construction Labor Time Profile (FTEs) by Fiscal Year
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BTtY
~Co Project Flow

SC Cable & || Outside Vendor . SynchLite
Corrector Spool Cryostat . Cryogenic .
. . Steel . Design ’ Design
Design Design L. Design Design
Il [] Fabricated @Fermilab '

1

HTS Lead Corrector
Fabrication Fabrication

Power Supply|

Power Supply
Fabrication

\ 4 A 4

Spool
Assembly

Critical Path
is in red

235d total float = 297d total float >
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BTrY ) o
%0 Key Milestones with Distributed Float

* [nitiate procurement of corrector magnets (4/05)
» [nitiate procurement of superconducting wire (5/05)

= [nitiate procurement of HTS leads (3/06)

= Begin quadrupole production (11/06)

= Begin spool assembly (3/07)

= Complete quadrupole fabrication and test (10/08)
= Complete spool fabrication and test (4/09)

(RED items are on critical path)
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BT¢

o

A%

Critical Path Without Distributed Float

12

Hew Spoals

12
121 HTS LEADS 01Mar04 17Jan0e 9824 3044 |1 21
122 Corester Magnets 01Mar04 1BAEOT 7854 aoid o
173 SPOOL ASSEMELY IFEEDA | 2MEE 2614 =
1231 Spoel Cesign 0ZFebid DEMarDE 53id Z35d :3_1 )
12311 | Spoel Design: Pre-Conceplual RED 0ZFebid 305epld i7id o ————)
12312 | Spoel Design: FYOS/05 RED 01 Cedld DEMarDE 3804 2354 12512
1232 Spaol Fabricatian: Consludion Ti0ecls  |Zoad  [735d 735d 1222 1
12321 | Fabrication Study 13Dec0s DEMarlE 50dl 2364 12321
12322 |Bdng Process 07 Marl6 26.JullE 1004 2364 123 MH
12323 | Conracl Award and Production Duration | 27 0ul08 18Aug0E 5204 2354 1232 3-—
12324 | 5C. 1sl Spool Celvery Conlingency Tagk | 200¢106 200CI0E 0 2354 12 32;1’”
12325 | 1al Spool Assemily Fabrcalion & Tesl 200cH0E 300107 2604 2354 12328
12328 E%ﬁ&?@ﬁ;{i’ Tagk for Creg in 00T 00T 0 2364 124 Q’F
12327 | Gedes Preduction and Oversight F0etT 1BALG0E 2004 2364 123 ig“
12328 | Gpool Col Tesls 10.Jan08 1008 2004 2364 a3z
12325 | BTeV Comedar Powering Syslem [FRTTI FIMayl7 3504 3864 12328
TZ3Z10 |[Magnelc Weasurement Probe Syslem 020ctiE 18 JundT TE0d aTdd 123210
123211 |Wam Bore Tube 020cilE 1BJundT 1804 3T4d 123911
123212 |5C: Spool Conbingensy Task ZI0cilE ZI0cH0E 0 2364 1232 12—
1233 Spocl Fabrication: IR Spanes 2T JuldE 12Mer0s 6204 2824 125

= Spool assembly:

» design = contractual process - assembly - cold-testing

» Fabrication estimates based on LHC DFBX experience

» DFBX is LHC cryogenic feedbox of similar complexity
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BTcY
%g Risk Analysis

= Risk = Mitigation

» Delay in superconducting > ? Requestdf(%r Prolposed§ “RF/P will
cable procurement e prepared for release in 10/04 so

that we will be able to 1ssue a PO by
1/05

> An Memorandum of Understanding
(MOU) 1s being written with BNL
so that we will be ready to commit
funds by 1/05

» Delay in corrector magnet
contract
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BTCY
A@ Responses to CD-1 Review Recommendations

1) Increase AP manpower to work on beam dynamics during preliminary design phase

We concur with this recommendation. An additional accelerator physicist (Tanaji Sen) has been formally assigned
to this project. In addition, Meiquin Xiao will continue to provide calculational support for tracking studies.

2) Study failure modes that could damage pixels

We concur with this recommendation. A physicist in the AD Tevatron Department has been formally assigned as
liaison to the CO IR project, and he is leading this study in conjunction with the pixel group and members of the
AD Integration Department. A preliminary list of accident scenarios with actual or potential mitigation strategies
is published in btev-doc-3430. Calculations are ongoing

3) Determine effect of BTeV pixels on beam dynamics

We concur with this recommendation, but it is properly the responsibility of the pixel group (WBS 1.2), which has
already done substantial work on this subject.

4) Assess viability of hanging support system well before relase of vacuum vessel RFP in Feb. 05

We concur with this recommendation. A mockup will be constructed within the next few months, and mechanical
tests will be performed. A design for a test stand currently exists, and once it is built it will be stationed at the CO
Assembly Hall (or service building) for long term monitoring of motion
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BTy
A@ Responses to CD-1 Review Recommendations (2)

5) Resolve HTS lead issue before CD-2

We concur with this recommendation. We have verified that the HTS leads currently installed in some H spools in
the Tevatron will operate at 10KA. We intend to use these 7 lead pairs and will purchase 6 new ones from
vendors. Two potential vendors have been identified.

6) Aggressively pursue choice of vendor for correction coils with emphasis on schedule

We concur with this recommendation. We have visited or communicated with several other laboratories. BNL is
the only lab that can easily meet our schedule. We are currently writing an MOU with BNL to supply us with the
corrector packages.

7) Review preliminary spool design prior to CD-2 if possible
We concur with this recommendation. We submitted the spool design to 6 different vendors for comments and

budgetary cost estimates. These vendors were paid for this service. So far we have received credible responses
from 3 of these vendors.
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—Co Talks Prepared for Breakout Session

More detailed information is available in the breakout sessions.

= Accelerator Physics — John Johnstone

*  Quadrupole Cold Mass — Fred Nobrega

* Quadrupole Cryostat — Tom Nicol

=  Spools — Tom Page

= HTS Leads — Sandor Feher

= Corrector Magnets — Mike Anerella (BNL)
=  Magnet Cost Overview — Deepak Chichili
= 2005 Shutdown — Peter Garbincius

=  Power Supplies — George Krafczyk

= Electrostatic Separators — Rodger Bossert
= Cryogenic Elements — Jay Theilacker

= Controls — Sharon Lackey

= 2007 — 2009 Shutdowns — Rob Reilly
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—Co Glossary

" [3": beta function at the interaction region; luminosity is inversely proportional to this
quantity

= Spool: cryogenic element that contains corrector magnets, power leads, safety leads,
quench stoppers, relief valves, and other items not contained in main magnets

=  HTS lead: High Temperature Superconductor power lead; transfers magnet power
from external warm bus to superconducting cable within cryostat

= RFP: Request for Proposal; this initiates the formal procurement process

= DFBX: LHC cryogenic feedbox; used as basis of estimates for spool assembly
=  LCW: Low Conductivy Water; used to cool magnets, power supplies, and power leads

= Tevatron locations: Tevatron is divided into 6 major sectors, A — F; each sector has a
long warm straight section, AO — FO; each sector is divided into 4 cryogenic houses, Al
— A4, ...,F1-F4
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BTy
%0 Project Flow with Distributed Float

+40d| [+62d +60d N
Outside Vendor ;
Corrector Spool sC gtaezlle & Cryostat [ ] Design Cryogenic S)g:;?;:e
Design Design Fabrication Design Design S
1 X || Fabricated @Fermilab |+60d|
|+80d

HTS Lead Corrector +120d|
Fabrication Fabrication

Power Supply| +40 @l
Design
=

!

aodl} o

A Spootl)l
sser.n y Power Supply
Fabrication
Critical Path
is in red
235d-40d-80d-f(120d) 297d-62d=235d

end float >

=104d end float >
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