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Overview

• Insertion SchemeInsertion SchemeInsertion SchemeInsertion Scheme
– Quick summary—see full presentation of scheme on EDMS in 

this meeting node

• Service Breaks and EnvelopesService Breaks and EnvelopesService Breaks and EnvelopesService Breaks and Envelopes
– Service breaks as required by the installation scenario

– Envelope critical areas

• Support Tube Layout, Function and SupportSupport Tube Layout, Function and SupportSupport Tube Layout, Function and SupportSupport Tube Layout, Function and Support
– Tube Requirements Document available soon in draft form

– Tube in Three parts (Barrel and Two Forwards)

– Installation Rails

– Support of Cylinder and Detector
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Fully Insertable Pixel system

• Clam Shell not necessary if Beam Pipe is not contiguousClam Shell not necessary if Beam Pipe is not contiguousClam Shell not necessary if Beam Pipe is not contiguousClam Shell not necessary if Beam Pipe is not contiguous
– Short Access configuration does not allow introduction of 

anything as large as a full Pixel system to the access volume

– During Long Access configuration Liquid Argon End cap is pulled 
back and off-axis along with its beam pipe section

• Clam Shelling of BClam Shelling of BClam Shelling of BClam Shelling of B----Layer is only necessary to clear Beam Layer is only necessary to clear Beam Layer is only necessary to clear Beam Layer is only necessary to clear Beam 
Pipe FlangePipe FlangePipe FlangePipe Flange

– Same B-layer design/dimension and similar support scheme

• Keep functional frame elements intactKeep functional frame elements intactKeep functional frame elements intactKeep functional frame elements intact
– Global support frame is not clam-shelled

– Staves and Barrels same in design but smaller

– B-layer is the same

• However:  Disks and Frame change parametricallyHowever:  Disks and Frame change parametricallyHowever:  Disks and Frame change parametricallyHowever:  Disks and Frame change parametrically
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Insertion Sequence

• ATLAS Argon ATLAS Argon ATLAS Argon ATLAS Argon EndcapEndcapEndcapEndcap is not presentis not presentis not presentis not present
• Far side Services are introduced in quartersFar side Services are introduced in quartersFar side Services are introduced in quartersFar side Services are introduced in quarters
• Pixel detector is brought up to end of borePixel detector is brought up to end of borePixel detector is brought up to end of borePixel detector is brought up to end of bore
• Beampipe auxiliary support is introduced through pixels and the Beampipe auxiliary support is introduced through pixels and the Beampipe auxiliary support is introduced through pixels and the Beampipe auxiliary support is introduced through pixels and the 

support wires are removedsupport wires are removedsupport wires are removedsupport wires are removed
• Far side services are terminated to pixel detector and pixel fraFar side services are terminated to pixel detector and pixel fraFar side services are terminated to pixel detector and pixel fraFar side services are terminated to pixel detector and pixel frame me me me 

is inserted into boreis inserted into boreis inserted into boreis inserted into bore
• Vertical support wires are re attachedVertical support wires are re attachedVertical support wires are re attachedVertical support wires are re attached
• Pixel detector is pushed 1.2m into bore of ID, and BPixel detector is pushed 1.2m into bore of ID, and BPixel detector is pushed 1.2m into bore of ID, and BPixel detector is pushed 1.2m into bore of ID, and B----layer tooling layer tooling layer tooling layer tooling 

is introduced as per current Bis introduced as per current Bis introduced as per current Bis introduced as per current B----layer installationlayer installationlayer installationlayer installation
• BBBB----Layer is passed around supports and clam shelled around Layer is passed around supports and clam shelled around Layer is passed around supports and clam shelled around Layer is passed around supports and clam shelled around 

beampipebeampipebeampipebeampipe
• BBBB----layer is inserted into Pixel detector on the baseline rail systelayer is inserted into Pixel detector on the baseline rail systelayer is inserted into Pixel detector on the baseline rail systelayer is inserted into Pixel detector on the baseline rail systemmmm
• The Pixel detector with BThe Pixel detector with BThe Pixel detector with BThe Pixel detector with B----layer is pulled back to the end face to layer is pulled back to the end face to layer is pulled back to the end face to layer is pulled back to the end face to 

allow near side termination of both Pixel and Ballow near side termination of both Pixel and Ballow near side termination of both Pixel and Ballow near side termination of both Pixel and B----layer serviceslayer serviceslayer serviceslayer services
• Pixel detector and its services (near and far) with BPixel detector and its services (near and far) with BPixel detector and its services (near and far) with BPixel detector and its services (near and far) with B----layer is layer is layer is layer is 

pushed into positionpushed into positionpushed into positionpushed into position
• Services are terminated to the service runs to PP2Services are terminated to the service runs to PP2Services are terminated to the service runs to PP2Services are terminated to the service runs to PP2
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Far Services are inserted

Far Services

Far Services
Pixel Frame

Beam pipe support

Inner Detector Bore

Beam pipe

Far Services
in Quadrants
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Far Services Terminated Pixels inserted

Far Services

Far Services

Terminate 
Far Services
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B-layer Clam Shelled and Inserted

Far Services

1.2m

Far Services

TOP View

Vertical
Support

Halves are inserted around wire--required
tooling is not shown

Halves are closed and fixed together

B-layer is inserted into Pixel Frame using same
rails in pixels as for baseline
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B-Layer Installation Finish

Far Services

Far Services

To terminate the services to the B-layer, and the rest of the 
detector, the detector must be withdrawn to gain access

B-layer services are terminated first as they will be
obscured by the rest of the pixel services

The B-Layer is then pushed into the frame into its final 
position.  Depending on the length of the Pigtails on the
B-layer, this step may be avoided

B-layer Services
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Pixel Near Side Service Termination

Far ServicesNear Services

The near side services--both B-layer and the remainder of 
pixel services need not be split into quarters.  During 
installation, there is only one vertical support wire 
obstructing the path
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Pixels in installed position

Far Side ServicesNear Side Services

T
o
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P

2

T
o

 P
P

2

After terminating the near side services the detector
can be inserted fully.  The services to PP2 can be terminated
and if desired, on the near side, the horizontal beam pipe 
support wires can be installed
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• Breaks at indicated locations are necessary for the Breaks at indicated locations are necessary for the Breaks at indicated locations are necessary for the Breaks at indicated locations are necessary for the 
assembly kinematicsassembly kinematicsassembly kinematicsassembly kinematics

• Cable Lengths change, placing more challenging Cable Lengths change, placing more challenging Cable Lengths change, placing more challenging Cable Lengths change, placing more challenging 
voltage drop requirements on the low mass cablesvoltage drop requirements on the low mass cablesvoltage drop requirements on the low mass cablesvoltage drop requirements on the low mass cables

– Type II cable changes from 5.5m to 3.2m (0.15V was 0.4V)

– Type I cable changes from 1.5m to 2.8m (0.5V was 0.4V)

– Pigtail detail follows 

• More Power is dissipated by the low mass cables within More Power is dissipated by the low mass cables within More Power is dissipated by the low mass cables within More Power is dissipated by the low mass cables within 
our thermal environmentour thermal environmentour thermal environmentour thermal environment

Service Breaks for Installation

Pigtail

PP1

“Type I” 
2.8m

“Type II” 
3.2m to PPB2

PPB1

Pixel Volume

All Low mass Cables 
run along the Support 
Tube  and then to PPB2 
with breaks as 
indicated

Patch PPF1
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PP3

PP0 Location

PPB2

No Longer Used
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Pigtail Lengths

• Stave Pigtail maximum length is 1.17m (770mm beyond end of staveStave Pigtail maximum length is 1.17m (770mm beyond end of staveStave Pigtail maximum length is 1.17m (770mm beyond end of staveStave Pigtail maximum length is 1.17m (770mm beyond end of stave))))
– Voltage drop along stave is now 0.5V with the remaining 770mm taking 0.15V)

• Disk Pigtail Maximum Length is 460mmDisk Pigtail Maximum Length is 460mmDisk Pigtail Maximum Length is 460mmDisk Pigtail Maximum Length is 460mm
– Keep 0.2V drop

• Radius of PP0 is approximately 180mmRadius of PP0 is approximately 180mmRadius of PP0 is approximately 180mmRadius of PP0 is approximately 180mm
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PP0 array on Service Mechanical Support

Power CableSame PP0
Wrapped
around

PPO Flex

Opto-DaughtercardConnector
For every
Pigtail

Fiber route
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Services Mechanical Support

Hanger Structure

Barrel Patch Panel 0

Disk Patch Panel 0

Structure necessary to support services during
installation scheme
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Service Arrangement

Patch Panel 
Octant Name

Barrel 
Layers 1&2 Disk

Tube 
Total

6-Module 
Bundle

7-Module 
Bundles

Bundle 
Total

Staves 
Serviced

Sectors 
Serviced

1A 3 2 5 (3+6)=9 6 15 12 3
2A 3 1 4 (3+6)=9 6 15 12 3
3A 3 2 5 (3+5)=8 5 13 10 3
4A 3 1 4 (3+6)=9 6 15 12 3
5A 3 2 5 (3+6)=9 6 15 12 3
6A 2 1 3 (3+5)=8 5 13 10 3
7A 3 2 5 (3+6)=9 6 15 12 3
8A 3 1 4 (3+6)=9 6 15 12 3
1C 3 1 4 (3+5)=8 6 15 10 3
2C 3 2 5 (3+6)=9 6 15 12 3
3C 2 1 3 (3+6)=9 5 13 12 3
4C 3 2 5 (3+6)=9 6 15 12 3
5C 3 1 4 (3+6)=9 6 15 12 3
6C 3 2 5 (3+5)=8 5 13 10 3
7C 3 1 4 (3+6)=9 6 15 12 3
8C 3 2 5 (3+6)=9 6 15 12 3

1CBL 2 4 4 8 4
2CBL 3 6 6 12 6
3CBL 3 6 6 12 6
4CBL 3 6 6 12 6
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Numbering scheme for each side looking
At IP from that side—position# coincides
Physically across ATLAS.
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Services Through PP2 Region

Crate

Finger

1C

8C

7C
6C

5C

4C

3C
2C

1CBL

4CBL

3CBL

2CBL

• Types II & III cables routed Types II & III cables routed Types II & III cables routed Types II & III cables routed 
on Cryostat faceon Cryostat faceon Cryostat faceon Cryostat face

• Critical Area leaving PP2 Critical Area leaving PP2 Critical Area leaving PP2 Critical Area leaving PP2 
for PP3 Between Crates for PP3 Between Crates for PP3 Between Crates for PP3 Between Crates 
and Fingers (type III)and Fingers (type III)and Fingers (type III)and Fingers (type III)

• Model At CERN being Model At CERN being Model At CERN being Model At CERN being 
populated with Pixel populated with Pixel populated with Pixel populated with Pixel 
servicesservicesservicesservices————need to update need to update need to update need to update 
with new service countwith new service countwith new service countwith new service count

• Engineers at CERN Engineers at CERN Engineers at CERN Engineers at CERN 
working to resolve as working to resolve as working to resolve as working to resolve as 
quickly as possiblequickly as possiblequickly as possiblequickly as possible

• New Service packaging New Service packaging New Service packaging New Service packaging 
concepts need to be concepts need to be concepts need to be concepts need to be 
developed from end of developed from end of developed from end of developed from end of 
support tube up to PP2support tube up to PP2support tube up to PP2support tube up to PP2
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Pixel Support Tube

Active Thermal Barrier (chilled too)

SCT

TRTTRT

RED Heated Surfaces SCT Forward and Forward Pixel
Tube independently heated

Part of SCT 

Supports Detailed 
in later slides
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Pixel volume

Barrel SCT volume
End-cap SCT volume

Barrel SCT interlink
SCT disk support frame

Module active region

225 (pixel envelope)

242

Pixel support structure

End-cap SCT thermal barrier

clearance

Barrel to endcap misalignment

251

All dimensions are envelopes

260

Barrel SCT thermal barrier

Barrel SCT thermal barrier

Envelopes 
agreed in 
forward—barrel 
follows
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Flange Area

240

261

242

260

5mm

Establish EMI contact
With same clamping as
Seal to flange

Need to get
Electrical contact
Between end cover
And inner wall of
enclosure

Bolted interface achieves independent
Electrical contact of barrel and 
Forward Pixel shield which is integral
With tube structures

SCT Shunt Shield
Supported by flange

Heaters

Inchworm
Seal 
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Flange Design Envelopes

Pixel Support Tube (Barrel Region) Pixel Support Tube (forward)

240

261

242

260

5mm
7

7
5

7
6

5

7
8

5 7
9

6

7
9

5

245

257
248

8
1

1

251

7
0

0

SCT BARREL 3

Barrel Mount Flange

Interlink

SCT Forward 
Envelope

Leaves 3mm 
adjustment range
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Support Tube End Support and Penetration

Float  -Z-

Beam pipe Support Arm

Service Panels

Bulkhead
Connectors

Bulkhead moves
With services

Cover plate made in
Quarters to pass beam
Pipe support wires

Double wall beam pipe

Beam pipe 
support collar

End sheet fixes rigidly to 
beam pipe support collar 
floats in cover plate

Floating seal—
attached last

Auxiliary EMI foil on beam pipe

Need to affect both
Gas and EMI seal

240
Tube Flange

Beampipe support arm 
Interfaces with flange
Not with end cover
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Support Tube End EMI continuity

Float  -Z-

EMI continuous across
End cover

Double wall beam pipe

Clamped  after 
beampipe adjusted

EMI Fingers

Auxiliary EMI foil on beam pipe
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Rail Design

Using high strength fiber, 
it is possible to make rails 
as laminates as opposed 
to monolithic structures 
saving material and 
matching CTE of shell 
better

Vee and Flat rails were 
chosen to provide 
pseudo-kinematic support 
for the detector during 
delivery to the support 
points

Rails are used only for 
delivery, not support
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Detector Support

• Look to take advantage of Look to take advantage of Look to take advantage of Look to take advantage of 
increased moment of inertia increased moment of inertia increased moment of inertia increased moment of inertia 
of support Tubeof support Tubeof support Tubeof support Tube

• Preliminary calculations Preliminary calculations Preliminary calculations Preliminary calculations 
indicate that it may be indicate that it may be indicate that it may be indicate that it may be 
attractive to support the attractive to support the attractive to support the attractive to support the 
detector at the enddetector at the enddetector at the enddetector at the end----cones as cones as cones as cones as 
opposed to the end of the opposed to the end of the opposed to the end of the opposed to the end of the 
frameframeframeframe

• Potential to save material if Potential to save material if Potential to save material if Potential to save material if 
endendendend----plate stiffener is not plate stiffener is not plate stiffener is not plate stiffener is not 
neededneededneededneeded

• Calculations are still very Calculations are still very Calculations are still very Calculations are still very 
preliminarypreliminarypreliminarypreliminary————radial stiffness radial stiffness radial stiffness radial stiffness 
of endof endof endof end----cones not knowncones not knowncones not knowncones not known

• Need to back up beamNeed to back up beamNeed to back up beamNeed to back up beam----theory theory theory theory 
with more complex models of with more complex models of with more complex models of with more complex models of 
actual structures actual structures actual structures actual structures 

800

1400100 100

400 400
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Global Support Frame Resizing

• Frame model resized for  “new” layout ~5wks ago
• Since then have dropped option for 9-sector disk in position 

1due to envelope conflict with SCT forward
• Will reduce frame further —working from disk ring outward 

to see if more is possible (5mm minimum)

Disk in position 1 is now an 8 sector disk
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Final Frame Size

• Disk 1 services must pass Disk 1 services must pass Disk 1 services must pass Disk 1 services must pass 
around a reversed diskaround a reversed diskaround a reversed diskaround a reversed disk

• Disk ring is being resized by Disk ring is being resized by Disk ring is being resized by Disk ring is being resized by 
HytecHytecHytecHytec

• Disk service routes worked Disk service routes worked Disk service routes worked Disk service routes worked 
out simultaneouslyout simultaneouslyout simultaneouslyout simultaneously

• Hytec will resize frame Hytec will resize frame Hytec will resize frame Hytec will resize frame 
again after Ring and again after Ring and again after Ring and again after Ring and 
Service routes available Service routes available Service routes available Service routes available 
withinwithinwithinwithin

• Barrel Services define Barrel Services define Barrel Services define Barrel Services define 
outer envelope and first outer envelope and first outer envelope and first outer envelope and first 
diskdiskdiskdisk

• Increased length of pigtails Increased length of pigtails Increased length of pigtails Increased length of pigtails 
with challenging voltage with challenging voltage with challenging voltage with challenging voltage 
dropsdropsdropsdrops————need crossneed crossneed crossneed cross----sections sections sections sections 
as soon as possibleas soon as possibleas soon as possibleas soon as possible

Barrel Services are a major part of the envelope definition.  

Support tube is proceeding with some margin on space, but project can’t tolerate big 
surprises
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Recent Developments and Conclusions

• SCT community has moved forward with idea to cut SCT community has moved forward with idea to cut SCT community has moved forward with idea to cut SCT community has moved forward with idea to cut 
13mm from their W12 wafer (innermost on disk)13mm from their W12 wafer (innermost on disk)13mm from their W12 wafer (innermost on disk)13mm from their W12 wafer (innermost on disk)

• Meetings have been held to push along this effort, firm Meetings have been held to push along this effort, firm Meetings have been held to push along this effort, firm Meetings have been held to push along this effort, firm 
agreements are in placeagreements are in placeagreements are in placeagreements are in place

• Major design effort to took place in November at RAL Major design effort to took place in November at RAL Major design effort to took place in November at RAL Major design effort to took place in November at RAL 
in conjunction with SCT engineersin conjunction with SCT engineersin conjunction with SCT engineersin conjunction with SCT engineers

• Major goal achieved to leave RAL with agreed Major goal achieved to leave RAL with agreed Major goal achieved to leave RAL with agreed Major goal achieved to leave RAL with agreed 
envelopes of installation structures, thermal envelopes of installation structures, thermal envelopes of installation structures, thermal envelopes of installation structures, thermal 
barriers, and Pixel Supportbarriers, and Pixel Supportbarriers, and Pixel Supportbarriers, and Pixel Support

• Seek approval for above at next IDSGSeek approval for above at next IDSGSeek approval for above at next IDSGSeek approval for above at next IDSG

• This is still a major undertaking and relies on a firm This is still a major undertaking and relies on a firm This is still a major undertaking and relies on a firm This is still a major undertaking and relies on a firm 
mandate from the ID communitymandate from the ID communitymandate from the ID communitymandate from the ID community


