Geometry of SCT barrel

The SCT barrel consists from:

1. Thermal shields and barrel interlink

2. 4  SCT barrel with modules

3. Services (cables, cooling pipes, etc.)

The position of thermal shields and barrel interlink is in next two tables


Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Thermal shield 1
-754.00
754.00
548.3
549.00

Thermal shield 2
754.00
790.00
540.00
549.00

Thermal shield 3
724.00
754.00
540.00
548.30

Thermal shield 4
233.00
263.00
540.00
548.30

Thermal shield 5
788.20
790.00
250.00
540.00

Thermal shield 6
-770.00
770.00
250.00
250.175


Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Barrel interlink
787.00
788.20
260.00
500.00

The barrel is compound from:

1. Support cylinder with special material at the end

2. Modules

In first cell of the table is number of modules on barrel. The coordinates for individual barrels are in next 4 tables

SCT barrel 3 - 12*32 modules
Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Support cylinder
-782.94
782.94
278.00
284.00

Close out at the end of barrel
782.94
783.20
278.00
284.00

End flange 
783.20
787.00
258.00
284.00

SCT barrel 4 (12*40 modules)
Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Support cylinder
-782.94
782.94
349.00
355.00

Close out at the end of barrel
782.94
783.20
349.00
355.00

End flange 
783.20
787.00
325.00
355.00

SCT barrel 5 (12*48 modules)
Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Support cylinder
-782.94
782.94
421.00
427.00

Close out at the end of barrel
782.94
783.20
421.00
427.00

End flange 
783.20
787.00
395.00
427.00

SCT barrel 6 (12*56 modules)
Z1[mm]
Z2[mm]
R1[mm]
R2[mm]

Support cylinder
-782.94
782.94
492.00
498.00

Close out at the end of barrel
782.94
783.20
492.00
498.00

End flange 
783.20
787.00
466.00
498.00

The center coordinates of module holders (the physical center of module) are in next table. The Z-coordinates are same for all barrels. 

Center coordinate of module holder
Z[mm]

module 12
679.05

module 11
550.454

module 10
434.277

module 9
306.533

module 8
184.032

module 7
60.288

module 6
-63.454

module 5
-187.094

module 4
-310.837

module 3
-432.141

module 2
-560.099

module 1
-679.05

I use a three dimensional coordinate system (X, Y, Z) for module parts.

The coordinate system is following:

1. Axis X – perpendicular to Z-axis, direction – up














2. Axis Y – perpendicular to X- and Z-axis, direction - forward







3. Axis Z – parallel to beam pipe, direction – right

The shape of module parts is box except a cooling pipe (tube).

DX, DY, DZ is half of box dimensions, R1 is inner radius, R2 outer radius of cooling pipe 
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The module consists of:

1. Silicon part

2. Hybrid

3. Baseboard

4. Power tape

5. Cooling pipe (it is common for 12 detectors)

6. Box to hold module

7. Cooling block

8. Dogleg

The dimensions of individual module parts are in next table

Module
DX[mm], R1[mm]
DY[mm], R2[mm]
DZ[mm]
Shape

Silicon part
0.14
31.78
64.00
box

Hybrid
0.37
37.30
12.50
box

Baseboard
0.25
43.80
29.65
box

Power tape
0.11
10.50
52.73
box

Cooling pipe
0.00
2.10
787.00
tube 

Box to hold module
0.8
7.50
30.00
box

Cooling block
1.00
2.50
30.00
box

Dogleg
0.13
27.50
15.00
box

The real coordinates of module 1 (the center coordinates) on disk 3 are written in next table

Module
X[mm]
Y[mm]
Z[mm]

Silicon part
299.04425
-4.78
-679.05

Silicon part
298.95575
-4.78
-679.05

Hybrid
299.095
-4.78
-661.55

Hybrid
298.905
-4.78
-661.55

Baseboard
299.00
-4.78
-666.55

Power tape
285.17
-14.00
-734.27

Cooling pipe
300.841
-21.64
0.00

box to hold module
284.80
15.00
-666.55

Cooling block
303.85
-23.15
-666.55

Dogleg
296.11
0.00
-666.55

Services

The meanings of next table is following:

1. SCT pipes – pipe that takes away cooling fluid 

2. Cables, alignment tubes – cables from barrels

3. SCT services – cables and cooling pipes from barrels to PPB1

4. SCT services – cables and cooling pipes from PPB1 to PPB2 ( the coordinates are just until end of the  SCT forward region)


R1[mm]
R2[mm]
Z1[mm]
Z2[mm]

SCT pipes
300.841
500.00
780.00
785.00

Cables, alignment tubes
260.00
500.00
765.00
775.00

SCT services
500.00
1140.00
780.00
798.40

SCT services
1123.00
1150.00
798.40
3430.00

The exact position of patch panels is unknown

Cables

There are two types of cables between modules and PP2

1. Type I  -  Module -> PPB1

2. Type IIa (IIb) - PPB1 -> PP2 


Type I - kapton tape with 0.75 m thick aluminum conductors

Type II - copper conductor plated by 1.6 m layer of Ni (Ag)

The properties of these cables are summarized in next table







Type I
Type IIa
Type IIb

Type
Tape
Cable
Cable

Outer diameter[mm]

6.00
7.06

Area[mm2]

28.26
39.127226

Total number barrel
1056
1056
1056

Total number forward
988
988
988

Number of cores

17
36

Copper content[mm2]

3.587
7.05

Ni (Ag) content[mm2]

0.131
0.2738

AWG 20

4
8

AWG24

1
1

AWG28

11
28

AWG30

2
0

Material composition of SCT barrel

Material
Elements (compound)
Parameters
Comments
Part of SCT
Density (g/cm3)

TSC
CFRP
0.367
Weight percentage
Thermal shield 1
1.97


Al
0.495





C
0.022





F
0.094





Kapton
0.022











TSE
CFRP
0.508
Weight percentage
Thermal shield 2
0.795


Al
0.193





C
0.046





F
0.196





Airex
0.057











TSP
CFRP
0.9
Weight percentage
Thermal shield 5
0.569


Al
0.095





Airex
0.005











EMI
Al
0.588
Weight percentage
Thermal shield 6
1.97


Kapton
0.412











Airex 82
Polystyrene


Thermal shield 3, 4
0.62








CuKapton
Cu
0.863

Dogleg
5.19


Kapton
0.137











C-fibers
C
1

Supports cylinders
0.2








Flange
Kapton


Barrel interlink, End flange of barrels
1.6








CN107
Cu
0.7

Close out at the end of barrels
8.95


Ni
0.3











The exact composition of module is in the next table


H
Be
B 10
B 11
C
N
O

Si sensors and adhesive dimensions
0.001
0.00
0.002
0.008
0.037
0.017
0.011

Baseboard and BeO facings dimension
0.008
0.597
0.011
0.043
4.672
0.092
1.119

ASICs and adhesive dimension
0.004
0.00
0.005
0.022
0.099
0.045
0.037

Cooling pipe with coolant dimensions
0.00
0.00
0.00
0.00
0.247
0.00
0.00

Power tape dimensions
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Hybrid with passive components dimensions
0.034
0.00
0.039
0.146
3.024
0.311
0.442

TOTAL  (per 1 detector)
0.047
0.597
0.057
0.219
8.079
0.465
1.609




























Si sensors and adhesive dimensions
F
Al
Si
Ni
Cu
Ag
Sn

Baseboard and BeO facings dimension
0.00
0.00
10.812
0.00
0.00
0.00
0.00

ASICs and adhesive dimension
0.00
0.118
0.742
0.00
0.00
0.00
0.00

Cooling pipe with coolant dimensions
0.00
0.028
0.00
0.00
0.00
0.00
0.00

Power tape dimensions
3.462
1.116
0.00
0.00
0.00
0.00
0.00

Hybrid with passive components dimensions
0.00
0.78
0.00
0.00
0.00
0.00
0.00

TOTAL  (per 1 detector)
0.00
0.393
0.187
0.025
1.501
0.001
0.049


3.462
2.435
11.741
0.025
1.501
0.001
0.049











Au
Pb






Si sensors and adhesive dimensions
0.00
0.00






Baseboard and BeO facings dimension
0.00
0.00






ASICs and adhesive dimension
0.00
0.00






Cooling pipe with coolant dimensions
0.00
0.00






Power tape dimensions
0.00
0.00






Hybrid with passive components dimensions
0.011
0.073






TOTAL  (per 1 detector)
0.011
0.073






Geometry and material composition of SCT forward

The SCT forward consists from:

· Thermal shields and outer support frame

· 9 disk (ring of modules, support system, etc.)

· Services (cables, cooling pipes, etc.)

The outer support frame is situated in


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Outer support frame 
823.00
2757.00
572.00
582.00

There are many thermal shields in SCT forward region, the positions of thermal shields are written in next table


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Thermal shield 1
811.00
812.00
251.00
610.00

Thermal shield 2
820.00
820.20
500.00
590.00

Thermal shield 3
820.50
840.00
582.00
599.00

Thermal shield 4
820.00
825.00
599.00
610.00

Thermal shield 5
825.00
2733.00
599.00
610.00

Thermal shield 6
825.00
2733.00
610.00
610.85

Thermal shield 7
2749.00
2749.23
258.00
572.00

Thermal shield 8
2749.23
2757.23
258.00
572.00

Thermal shield 9
2786.00
2787.00
258.00
615.00

Thermal shield 10
2758.00
2785.00
258.00
291.50

Thermal shield 11
813.00
2787.00
255.50
258.00

Thermal shield 12
813.00
818.50
258.00
305.00

The SCT forward region consists of 9 disks. The coordinates of individual disks are written in next table. The column “Z centre” is center of  support disk that holds ring of modules.


Zmin[mm]
Zmax[mm]
Z centre[mm]
Rmin[mm]
Rmax[mm]

SCT disk 1
828.50
868.50
848.50
267.00
567.00

SCT disk 2
912.00
952.00
932.00
267.00
567.00

SCT disk 3
1062.00
1102.00
1082.00
267.00
567.00

SCT disk 4
1240.00
1280.00
1260.00
267.00
567.00

SCT disk 5
1355.00
1395.00
1375.00
267.00
567.00

SCT disk 6
1725.00
1765.00
1745.00
267.00
567.00

SCT disk 7
2050.00
2090.00
2070.00
267.00
567.00

SCT disk 8
2440.00
2480.00
2460.00
374.00
567.00

SCT disk 9
2705.00
2745.00
2725.00
374.00
567.00

The coordinates of cooling pipes and power tapes for individual disk are presented in next two tables


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Cooling pipe – Disk 1
848.50
2757.00
583.90
583.94946

Cooling pipe – Disk 2
932.00
2757.00
583.94946
584.02364

Cooling pipe – Disk 3
1082.00
2757.00
584.02364
584.09782

Cooling pipe – Disk 4
1260.00
2757.00
584.09782
584.172

Cooling pipe – Disk 5
1375.00
2757.00
584.172
584.24618

Cooling pipe – Disk 6
1745.00
2757.00
584.24618
584.32036

Cooling pipe – Disk 7
2070.00
2757.00
584.32036
584.36982

Cooling pipe – Disk 8
2460.00
2757.00
584.36982
584.41928

Cooling pipe – Disk 9
2725.00
2757.00
584.41928
584.44399


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Power tape Disk 1
845.00
2757.00
598.50
598.5494

Power tape Disk 2
932.00
2757.00
598.5494
598.6194

Power tape Disk 3
848.50
2757.00
598.6194
598.6894

Power tape Disk 4
1082.00
2757.00
598.6894
598.7594

Power tape Disk 5
1260.00
2757.00
598.7594
598.8294

Power tape Disk 6
1375.00
2757.00
598.8294
598.8994

Power ape Disk 7
1745.00
2757.00
598.8994
598.9488

Power tape Disk 8
2070.00
2757.00
598.9488
598.9982

Power tape Disk 9
2460.00
2757.00
598.9982
599.0261

The disks are held by support system. There are two types of support system:

1. Support system for disks number 1,..,7

2. Support system for disks number 8 and 9

The coordinates of support system are in following table (the Z-coordinates are relative, the Z=0 is taken in the middle of the each disk, and they have to be recomputed to real position, for example - disk 1: Zmin = 844.5 mm, Zmax = 852.5 mm)


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Support disk for the disks 1-7
-4.00
4.00
267.00
567.00

Support disk for the disks 8,9
-4.00
4.00
374.00
567.00

The each disk has own patch panel. There are three types of patch panels:

1. Patch panel for disks number 1, 3, 4, 5 and 6

2. Patch panel for disks number 2, 7 and 8

3. Patch panel for disks number 9

The coordinates of patch panels are in next table (the Z-coordinates are relative, the Z=0 is taken in the middle of the each disk and they have to be recomputed to real coordinates, for example - disk 1: Zmin = 832.5 mm, Zmax = 844.5 mm)


Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Patch panel 1,3,4,5,6
-16.00
-4.00
557.00
567.00

Patch panel 2,7,8
-12.00
-4.00
557.00
567.00

Patch panel 9
-9.00
-4.00
557.00
567.00

There are 4 types of module ring in SCT forward region. The types of ring and positions are written in next table. The detail information about rings follows after the table.

The meaning of columns in table is following:

· Number of rings – number of module rings on appropriate disk

· List of rings – type of module rings 

· Side of disk to mount rings – side of disk, where the ring of modules is situated (-1 – the ring of modules  is situated left from the center of disk, +1 – the ring of modules is situated right from the center of the disk)


Number of rings
List of rings
Side of disk to mount rings

Disk 1
2
1,2
{-1,+1}

Disk 2
3
1,2,4
{-1,+1,-1}

Disk 3
3
1,2,4
{-1,+1,-1}

Disk 4
3
1,2,4
{-1,+1,-1}

Disk 5
3
1,2,4
{-1,+1,-1}

Disk 6
3
1,2,4
{-1,+1,-1}

Disk 7
2
1,2
{-1,+1}

Disk 8
2
1,3
{-1,+1}

Disk 9
1
1
{-1}

The next four tables describe parts of individual rings. The meaning of rows is following:

· No. of modules – number of modules that are situated on the ring of modules

· Cooling block – coordinates of cooling block that is situated on the disk (Z-coordinates are relative,  Z=0 is taken in the middle of the each disk and                        they have to be recomputed for individual disks to real coordinates, for example: disk 1:  Zmin = 844.206 mm, Zmax = 844.5 mm)

· Power tape – coordinates of power tape that is positioned on the disk (Z-coordinates are relative, the Z=0 is taken in the middle of the each disk and                        they have to be recomputed for individual disks to real coordinates, for example: disk 1: Zmin = 844.128 mm, Zmax = 844.206 mm)

· Ring of modules – coordinates of ring of modules that is positioned on the disk 

! The Z-coordinates of ring of modules have to be multiplied by appropriate coefficient from column “Side of disk to mount rings” from previous table!

(Z-coordinates are relative, Z=0 is taken in the middle of the each disk and they have to be recomputed for individual disks to real coordinates, for example: disk 1, first ring of modules: Zmin =830.478 mm, Zmax = 833.022 mm)

· Module – in next three rows are dimensions of  individual module parts 

I use a three dimensional coordinate system (X, Y, Z) for the module parts.

The coordinate system is following:

4. Axis X – perpendicular to Z-axis, direction – up














5. Axis Y – perpendicular to X- and Z-axis, direction - forward







6. Axis Z – parallel to beam pipe, direction – right 

The shape of individual module parts is box. DX, DY, DY1, DY2, DZ is half of box width. 
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Ring 1











No. of modules
52











Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Cooling block
-4.294
-4.00
383.00
567.00

Power tape
-4.372
-4.294
398.315
557.00







Ring of module
15.478
18.022
398.315
568.41

Ring of module
10.778
13.322
398.315
568.41













Module
Dx[mm]
Dy,Dy1[mm]
Dy2[mm]
Dz[mm]

Hybrid
17.50
20.00
38.50
1.27

Cooling between wafers
66.07
20.00
-
0.25

Si sensors
61.62
28.13
36.05
0.14

There are coordinates (the center coordinates) of 1. module (the highest one) on ring of modules in next table. 

The Z-coordinate (relative) is taken from the middle of the ring of modules (Z=0), X- and Y-coordinates are real

(For example: ring of modules 1, module 1: Hybrid: Z1= 830.48, Z2= 833.02, X1= 398.315, X2=433.315, etc.) 

Module
X[mm]
Y[mm]
Z[mm]

Hybrid
415.815
0.00
0.00

Si sensors
499.38
0.00
0.49

Cooling between wafers
499.38
0.00
0.00

Si sensors
499.38
0.00
-0.49

Ring 2











No. of modules
40











Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Cooling block
-4.272
-4.00
329.00
508.00

Power tape
-4.35
-4.272
497.744
557.7







Ring of alternate module
15.478
18.022
332.15
497.744

Ring of alternate module
10.778
13.322
332.15
497.744







Module
Dx[mm]
Dy,Dy1[mm]
Dy2[mm]
Dz[mm]

Hybrid
17.50
38.50
2.00
1.27

Cooling between wafers
64.30
20.00
-
0.15

Si sensors
59.85
27.74
37.60
0.14

Module
X[mm]
Y[mm]
Z[mm]

Hybrid
478.25
0.00
0.00

Si sensors
396.45
0.00
0.49

Cooling between wafers
396.45
0.00
0.00

Si sensors
396.45
0.00
-0.49

Ring 3











No. of modules
40











Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Cooling block
-4.272
-4.00
425.00
508.00

Power tape
-4.489
-4.272
498.685
557.70







Ring of alternate module
15.478
18.022
397.375
498.684

Ring of alternate module
10.778
13.322
397.375
498.684







Module
Dx[mm]
Dy,Dy1[mm]
Dy2[mm]
Dz[mm]

Hybrid
17.50
20.00
38.5
1.27

Cooling between wafers
66.07
20.00
-
0.25

Si sensors
61.62
28.13
36.05
0.14

Module
X[mm]
Y[mm]
Z[mm]

Hybrid
429.06
0.00
0.00

Si sensors
478.25
0.00
0.49

Cooling between wafers
478.25
0.00
0.00

Si sensors
478.25
0.00
-0.49

Ring 4











No. of modules
40





Zmin[mm]
Zmax[mm]
Rmin[mm]
Rmax[mm]

Cooling block
-4.50
-4.00
283.00
379.00

Power tape
-4.579
-4.501
377.351
557.70

Ring of alternate module
15.478
18.022
269.55
377.35

Ring of alternate module
10.778
13.322
269.55
377.35







Module
Dx[mm]
Dy,Dy1[mm]
Dy2[mm]
Dz[mm]

Hybrid
17.50
38.50
20.00
1.27

Cooling between wafers
35.00
20.00
-
0.15

Si sensors
30.55
22.79
27.87
0.13

Module
X[mm]
Y[mm]
Z[mm]

Hybrid
357.05
0.00
0.00

Si sensors
304.55
0.00
0.48

Cooling between wafers
304.55
0.00
0.00

Si sensors
304.55
0.00
-0.49

Cables

There are two types of cables between modules and PP2

3. Type I  -  Module -> PPB1

4. Type IIa (IIb) - PP2->PPB1 


Type I - kapton tape with 0.75 m thick aluminum conductors

Type II - copper conductor plated by 1.6 m layer of Ni (Ag)

The properties of these cables are summarized in next table







Type I
Type IIa
Type IIb

Type
Tape
Cable
Cable

Outer diameter[mm]

6.00
7.06

Area[mm2]

28.26
39.127226

Total number barrel
1056
1056
1056

Total number forward
988
988
988

Number of cores

17
36

Copper content[mm2]

3.587
7.05

Ni (Ag) content[mm2]

0.131
0.2738

AWG 20

4
8

AWG24

1
1

AWG28

11
28

AWG30

2
0

Material composition of SCT forward

Material name
Elements
Parameters
Density (g/cm3)
Comments
Part of TRT

C-fibers
C
1
0.145

Outer frame support








Col_mixture
H
0.092
1.52
Weight percentage
Cooling tubes with coolant


Al
0.366





O
0.542











Pow_tapes
Al
1
2.70

Power tapes








Kapton-Al alloy


0.95
Front wing heater
Thermal shield 1








Aluminum
Al
1

Heat spreaders
Thermal shield 2, 6, 7, 9








Polystyren


0.0019

Thermal shield 3, 5, 8








Polyethylen
CH2
1
9.29

Thermal shield 4 








CFRP
C
1
1.39

Thermal shield 10, 11, 12








C_sup_disk
C
1
0.1184

Support disk for the wheels








Patch_panel
Al
1
2.70
Not in final version
Patch panel
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