TRT geometry and material composition

TRT geometry
TRT detectors are divided into two groups:

1. TRT Barrel

2. TRT End Cap wheels

TRT End Cap wheels are further divided into three groups:

1. TRT A 

2. TRT B

3. TRT C

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

TRT barrel
558.00
1073.00
0.00
712.75

TRT A
620.00
1076.50
825.75
1707.25

TRT B
620.00
1076.50
1719.75
2716.25

TRT C
460.00
1034.00
2815.74
3406.25

1. TRT Barrel

The TRT barrel has 4 main parts:

· Inner support

· Detector part 

· Outer support

· Electronics


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

Inner support
558.00
560.00
0.00
712.75

Detector part
560.00
1070.00
0.00
712.75

Outer support 
1070.00
1073.00
0.00
712.75

Electronics
560.00
1070.00
712.75
771.75

The detector part is made up of  modules containing straws running parallel to the beam. Each module (except last one) consists from 4 layers of straws. Each layer contains definite number of straws (see table below)


Number of layer
Straws per layer
Comments



Module 1-4
4
539




Module 5- 8
4
555




Module 9- 12
4
580
Modules 1-9 are active from z=403 mm



Module 13- 16
4
605




Module 17-20
4
631




Module 21-24
4
656
1inactive - 21



Module 25-28
4
681




Module 29-32
4
706




Module 33-36
4
731




Module 37-40
4
756




Module 41-44
4
781




Module 45-48
4
806
1 inactive - 45



Module 49-52
4
832




Module 53-56
4
857




Module 57-60
4
882




Module 61- 64
4
907




Module 65-68
4
932




Module 69-72
4
957




Module 72-75
3
982




The thickness (in R coordinate) of individual modules is 27.2 mm. Each module is segmented into 4 layers. The thickness of one layer is 6.8 mm.

The dimensions of Module 1-4 are in next table

Module 1-4
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Layer 1
560.00
566.80
0.00
712.75

Layer 2
566.80
573.60
0.00
712.75

Layer 3
573.60
580.40
0.00
712.75

Layer 4
580.40
587.20
0.00
712.75

Each layer contains definite number of straws. The straws are situated regularly in the layer. The rest space of layer is filled by radiator material.

· Straw (inside) – tube with radius 2 mm

· Straw wall – tube with inner radius 2 mm and outer radius 2.085 mm 

· Cooling gas – tube with inner radius 2.085 mm and outer radius 2.4 mm

· Radiator – fills the rest of layer

The dimensions for layer 1 are shown in next table (R-coordinates are relative, the R=0 is situated in the middle of layer 1 (in R coordinate), it corresponds to R=563.4 mm in real coordinate)

Layer 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Radiator 
2.40
3.40
0.00
712.75

Cooling gas
2.085
2.40
0.00
712.75

Straw wall
2.00
2.085
0.00
712.75

Straw (inside)
0.00
2.00
0.00
712.75

There are two kinds of straws (inside) in barrel:

· Straw (inside) in layer 1-9

· Straw (inside)  in layer 10-75 ( there are two inactive (without straws) layers (21, 45) that are filled  with carbon (see material composition table)

Straw (inside) in layer 1-9 consist of:

· Wire – tube with radius 0.0155 mm

· Mid-straw twister – tube ( inner radius = 0.0155mm, outer  radius = 0.2 mm, length = 8.12 mm)

· Dead region – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length =391.88 mm )

· Dead region – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 3 mm)

· Gas – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 306.75 mm)

· Dead region – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 3 mm)

The dimension of straw (inside) in layers 1-9 are summarized in next table (R-coordinates are relative, the R=0 is situated in the center of corresponding layer, for example 1. layer: R=0.00 corresponds to R=563.4 mm)

Straw (inside)
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Wire
0.00
0.015
0.00
712.75

Mid-straw twister
0.015
2.00
0.00
8.12

Dead region 
0.015
2.00
8.12
400.00

Dead region
0.015
2.00
400.00
403.00

Gas
0.015
2.00
403.00
709.75

Dead region
0.015
2.00
709.75
712.75

Straw (inside) in layer 10-75

· Wire – tube with radius 0.0155 mm

· Mid-straw twister – tube ( inner radius = 0.0155mm, outer  radius = 0.2 mm, length = 8.12 mm)

· Dead region – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 3 mm)

· Gas – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 698.63 mm)

· Dead region – tube (inner radius = 0.0155 mm, outer radius = 0.2 mm, length = 3 mm)

The dimension of straw (inside) in layers 10-75 are summarized in next table (R-coordinates are relative, the R=0 is situated in the center of corresponding layer  (in R coordinate), for 10. layer, it corresponds to R=632.4 mm)

Straw (inside) 
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Wire
0.00
0.015
0.00
712.75

Mid-straw twister
0.015
2.00
0.00
8.12

Dead region
0.015
2.00
8.12
11.12

Gas
0.015
2.00
11.12
709.75

Dead region
0.015
2.00
709.75
712.75

2. TRT A

TRT A consists of:

· C02 Manifold

· Detector part

· CO2 Manifold


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

CO2 Manifold
620.00
1076.50
825.75
834.75

Detector part
620.00
1076.50
834.75
1698.25

CO2 Manifold
620.00
1076.50
1698.25
1707.25

The detector part is divided into:

· 6 TRT parts

· 5 Heat exchangers

The coordinates of TRT parts and heat exchangers are in next table

Detector part
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

TRT 1
620.00
1076.50
834.75
970.75

Heat exchanger
620.00
1027.70
970.75
980.25

TRT 2
620.00
1076.50
980.25
1116.25

Heat exchanger
620.00
1027.70
1116.25
1125.75

TRT 3
620.00
1076.50
1125.75
1261.75

Heat exchanger
620.00
1027.70
1261.75
1271.25

TRT 4
620.00
1076.50
1271.25
1407.25

Heat exchanger
620.00
1027.70
1407.25
1416.75

TRT 5
620.00
1076.50
1416.75
1552.75

Heat exchanger
620.00
1027.70
1552.75
1562.25

TRT 6
620.00
1076.50
1562.25
1698.25

Each TRT part is composed from:

· Inner support

· Active part

· Outer support

· Electronics

The coordinates of TRT 1 are written in next tables (the R-coordinates are valid for all TRT parts)

TRT 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Inner support
620.00
643.70
834.75
970.75

Active part
643.70
1004.00
834.75
970.75

Outer support
1004.00
1027.70
834.75
970.75

Electronics
1027.70
1076.50
834.75
970.75

The active part  is segmented into 16 layers. Each layer consists 768 straws. The straws are situated regularly in the layer.

The relative coordinates are presented in next table (are valid for all 6 TRT part of TRT A). The thickness of active part is 136 mm. The coordinates in table are taken from the center of active part. There is 0.815-mm wide radiator material on both sides of active part.

The thickness column shows the thickness of individual layers; the space column shows space between individual layers (these spaces are filled with foil_material)

Active part
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]
Space[mm]

Layer 1
643.70
1004.00
-67.185
-59.815
7.37
0.63

Layer 2
643.70
1004.00
-59.185
-51.815
7.37
0.63

Layer 3
643.70
1004.00
-51.185
-43.815
7.37
0.63

Layer 4
643.70
1004.00
-43.185
-35.815
7.37
2.63

Layer 5
643.70
1004.00
-33.185
-25.815
7.37
0.63

Layer 6
643.70
1004.00
-25.185
-17.815
7.37
0.63

Layer 7
643.70
1004.00
-17.185
-9.815
7.37
0.63

Layer 8
643.70
1004.00
-9.185
-1.815
7.37
3.63

Layer 9
643.70
1004.00
1.815
9.185
7.37
0.63

Layer 10
643.70
1004.00
9.815
17.185
7.37
0.63

Layer 11
643.70
1004.00
17.815
25.185
7.37
0.63

Layer 12
643.70
1004.00
25.815
33.185
7.37
2.63

Layer 13
643.70
1004.00
35.815
43.185
7.37
0.63

Layer 14
643.70
1004.00
43.815
51.185
7.37
0.63

Layer 15
643.70
1004.00
51.815
59.185
7.37
0.63

Layer 16
643.70
1004.00
59.815
67.185
7.37


The layers are filled by:

· Radiator stack

· Straws - tube with radius 2.085 that is positioned in the middle of the layer 

· Radiator stack 

It means, that there are situated 786 straw in each layer, and the rest of layer is filled by radiator stack 

In this table, there is written the position of straw in layer 1. The Z-coordinates are relative. They are taken from the center of active part.

Layer 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Radiator stack
643.70
988.30
-67.185
-65.585

Straw
643.70
1004.00
-65.585
-61.415

Radiator stack
643.70
988.30
-61.415
-59.815

Straw consists of:

· Straw wall – tube with inner radius = 2 mm and outer radius = 2.085 mm

· Inside straw – tube with outer radius = 2 mm

Inside straw is filled by:

· Wire – tube with outer radius 0.015 mm

· Dead region – tube (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

· Gas – tube ( inner radius = 0.015 mm, outer radius = 2 mm, length = 348.3 mm)

· Dead region (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

The Z-coordinates are relative, that are taken from the middle of straw, the R-coordinates are real

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

Wire
643.70
1004.00
0.00
0.015

Dead region
643.70
649.70
0.015
2.00

Gas
649.70
998.00
0.015
2.00

Dead region
998.00
1004.00
0.015
2.00

Straw wall
643.70
1004.00
2.00
2.082

3. TRT B

TRT B consists of:

· CO2 Manifold

· Detector part

· CO2 Manifold


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

CO2 Manifold
620.00
1076.50
1719.75
1728.75

Detector part
620.00
1076.50
1728.75
2707.50

CO2 Manifold
620.00
1076.50
2707.50
2716.50

The detector part is divided into:

· 8 TRT parts

· 7 Heat exchanger

The coordinates of TRT parts and heat exchangers are written in next table


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

TRT 1
620.00
1076.50
1728.75
1842.75

Heat exchanger
620.00
1027.70
1842.75
1852.25

TRT 2
620.00
1076.50
1852.25
1966.25

Heat exchanger
620.00
1027.70
1966.25
1975.75

TRT 3
620.00
1076.50
1975.75
2089.75

Heat exchanger
620.00
1027.70
2089.75
2099.25

TRT 4
620.00
1076.50
2099.25
2213.25

Heat exchanger
620.00
1027.70
2213.25
2222.75

TRT 5
620.00
1076.50
2222.75
2336.75

Heat exchanger
620.00
1027.70
2336.75
2346.25

TRT 6
620.00
1076.50
2346.25
2460.25

Heat exchanger
620.00
1027.70
2460.25
2469.75

TRT 7
620.00
1076.50
2469.75
2583.75

Heat exchanger
620.00
1027.70
2583.75
2593.25

TRT 8
620.00
1076.50
2593.25
2707.25

Each TRT part is composed from:

· Inner support

· Active part

· Outer support

· Electronics

The coordinates of TRT 1 are written in next table

TRT 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Inner support
620.00
643.70
1728.75
1842.75

Active part
643.70
1004.00
1728.75
1842.75

Outer support
1004.00
1027.70
1728.75
1842.75

Electronics
1027.70
1076.50
1728.75
1842.75

The active part is segmented into 8 layers. Each layer consists 768straws that are situated regularly in the layer.
The relative coordinates are presented in next table (are valid for all 8 TRT part of TRT B). The thickness of active part is 114 mm.  The coordinates in table are taken from the center of active part.

The thickness column shows the thickness of individual layers; the space column shows space between individual layers (these spaces are filled with foil_material).

Active part
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]
Space[mm]

Layer 1
643.70
1004.00
-57.00
-45.415
11.585
1.83

Layer 2
643.70
1004.00
-43.585
-30.415
13.17
1.83

Layer 3
643.70
1004.00
-28.585
-15.415
13.17
1.83

Layer 4
643.70
1004.00
-13.585
-0.415
13.17
0.83

Layer 5
643.70
1004.00
0.415
13.585
13.17
1.83

Layer 6
643.70
1004.00
15.415
28.585
13.17
1.83

Layer 7
643.70
1004.00
30.415
43.585
13.17
1.83

Layer 8
643.70
1004.00
45.415
57.00
11.585


The layers are filled by

· Radiator stack

· Straw - tube with radius 2.085 that is positioned in the middle of the layer 

· Radiator stack

It means, that there are situated 786 straw in each layer, and the rest of layer is filled by radiator stack 

There are two kinds of layers in active part:

· Layer 1,8 – 11.585 mm wide

· Layer 2, 3, 4, 5, 6, 7 – 13.17 mm wide

The relative coordinates are written in following tables (Z=0 is taken in middle of the layer, R-coordinates are real)

Layer 1,8
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]

Radiator stack
643.70
988.30
-5.7925
-2.8775
2.915

Straw
643.70
1004.00
-2.8775
1.2925
4.17

Radiator stack
643.70
988.30
1.2925
5.7925
4.50

Layer 2, 3, 4, 5, 6, 7
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]

Radiator stack
643.70
988.30
-6.585
-2.085
4.50

Straw
643.70
1004.00
-2.085
2.085
4.17

Radiator stack
643.70
988.30
2.085
6.585
4.50

The next tables show relative coordinates for layer 1 and layer 2 taken from the center of active part.

Layer 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]

Radiator stack
643.70
988.30
-57.00
-54.085
2.915

Straw
643.70
1004.00
-54.085
-49.915
4.17

Radiator stack
643.70
988.30
-49.915
-45.415
4.50

Layer 2
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]

Radiator stack
643.70
988.30
-43.585
-39.085
4.50

Straw
643.70
1004.00
-39.085
-34.915
4.17

Radiator stack
643.70
988.30
-34.915
-30.415
4.50

Straw consists of:

· Straw wall – tube with inner radius = 2 mm and outer radius = 2.085 mm

· Inside straw – tube with outer radius = 2 mm

Inside straw is filled by:

· Wire – tube with outer radius 0.015 mm

· Dead region – tube (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

· Gas – tube ( inner radius = 0.015 mm, outer radius = 2 mm, length = 348.3 mm)

· Dead region (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

The Z-coordinates are relative that are taken from the middle of straw, the R-coordinates are real

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

Wire
643.70
1004.00
0.00
0.015

Dead region
643.70
649.70
0.015
2.00

Gas
649.70
998.00
0.015
2.00

Dead region
998.00
1004.00
0.015
2.00

Straw wall
643.70
1004.00
2.00
2.028

4. TRT C

TRT C consists of:

· CO2 Manifold

· Detector part

· CO2 Manifold


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

CO2 Manifold
460.00
1034.00
2815.7
2824.75

Detector part
460.00
1034.00
2824.75
3397.25

CO2 Manifold
460.00
1034.00
3397.25
3406.25

The detector part is divided into:

· 4 TRT part

· 3 Heat exchanger

The coordinates of TRT parts and heat exchangers are in next table

Detector part
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

TRT 1
460.00
1034.00
2824.74
2960.74

Heat exchanger
460.00
994.60
2960.74
2970.25

TRT 2
460.00
1034.00
2970.25
3106.25

Heat exchanger
460.00
994.60
3106.25
3115.75

TRT 3
460.00
1034.00
3115.75
3251.75

Heat exchanger
460.00
994.60
3251.75
3261.25

TRT 4
460.00
1034.00
3261.25
3397.25

Each TRT part is composed from:

· Inner support

· Active part

· Outer support

· Electronics

The coordinates or TRT 1 are written in next table

TRT 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Inner support
460.00
483.60
2824.74
2960.74

Active part
483.60
971.00
2824.74
2960.74

Outer support
971.00
994.60
2824.74
2960.74

Electronics
994.60
1034.00
2824.74
2960.74

The active part is segmented into 16 layers. Each layer consists 576 straws that are situated regularly in the layer
The relative coordinates are presented in next table (are valid for all 4 TRT part of TRT C). The thickness of active part is 136 mm. The coordinates in table are taken from the center of active part. There is 0.815-mm radiator material on both sides of active part.

The thickness column shows the thickness of individual layers, the space column shows space between individual layers (these spaces are filled with radiator material)

Active part
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]
Thickness[mm]
Space[mm]

Layer 1
483.60
971.00
-67.185
-59.815
7.37
0.63

Layer 2
483.60
971.00
-59.185
-51.815
7.37
0.63

Layer 3
483.60
971.00
-51.185
-43.815
7.37
0.63

Layer 4
483.60
971.00
-43.185
-35.815
7.37
2.63

Layer 5
483.60
971.00
-33.185
-25.815
7.37
0.63

Layer 6
483.60
971.00
-25.185
-17.815
7.37
0.63

Layer 7
483.60
971.00
-17.185
-9.815
7.37
0.63

Layer 8
483.60
971.00
-9.185
-1.815
7.37
3.63

Layer 9
483.60
971.00
1.815
9.185
7.37
0.63

Layer 10
483.60
971.00
9.815
17.185
7.37
0.63

Layer 11
483.60
971.00
17.815
25.185
7.37
0.63

Layer 12
483.60
971.00
25.815
33.185
7.37
2.63

Layer 13
483.60
971.00
35.815
43.185
7.37
0.63

Layer 14
483.60
971.00
43.815
51.185
7.37
0.63

Layer 15
483.60
971.00
51.815
59.185
7.37
0.63

Layer 16
483.60
971.00
59.815
67.185
7.37


The layers are filled by:

· Radiator stack

· Straw – tube with radius 2.085 mm that is positioned in the middle of the layer

· Radiator stack

It means, that there are situated 786 straw in each layer, and the rest of layer is filled by radiator stack 

Layer 1
Rmin[mm]
Rmax[mm]
Zmin[mm]
Zmax[mm]

Radiator stack
483.60
955.30
-67.185
-65.585

Straw
483.60
971.00
-65.585
-61.415

Radiator stack
483.60
955.30
-61.454
-59.815

Straw consists of:

· Straw wall – tube with inner radius 2 mm and outer radius 2.085 mm

· Inside straw – tube with outer radius 2 mm

Inside straw is filled by:

· Wire – tube with outer radius 0.015 mm

· Dead region – tube (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

· Gas – tube (inner radius=0.015 mm, outer radius =2.0 mm, length = 481.4 mm)

· Dead region – tube (inner radius = 0.015 mm, outer radius = 2 mm, length = 3 mm)

The Z-coordinates are relative that are taken from the middle of straw, the R-coordinates are real

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

Wire
483.60
971.00
0.00
0.015

Dead region
483.60
486.60
0.015
2.00

Gas
486.60
968.00
0.015
2.00

Dead region
968.00
971.00
0.015
2.00

Straw wall
483.60
971.00
2.00
2.028

Material composition of TRT

Material
Elements
Parameters
Comments
Part of  TRT detector

Straw_wall
C
0.74
Weight percentage
Straw wall


H
0.022




O
0.171




N
0.058




Al
0.009









Inner support
CO2
1
Weight percentage
Inner support

Outer support
CO2
1
Weight percentage
Outer support

Radiator in barrel
CH2
1
Weight percentage
Radiator in barrel

Inactive layer in barrel
C
1
Weight percentage
Inactive layer in barrel

Wire
W
Tube – 15 m

Wire


Au
Tube 15-15.5 m

Wire

ULTEM
C
36
Compound multiplicity



H
24




O
6




N
2









Dead_region
XE
1x0.7
70% Xe + 20% CF4 + 10% CO2
Dead region filling


C
1x0.2




F
4x0.2




C
1x0.1




O
2x0.1









Gas
Xe
1x0.7
70% Xe + 20% CF4 + 10% CO2
Gas compound


C
1x0.2




F
4x0.2




C
1x0.1




O
2x0.1









Foil_radiator
C
1x0.97

Radiator stack, radiator in EC


H
2x0.97




C 
1x0.03




O
2x0.03









Inactive layer 21, 45
C
1
Weight percentage


Other parts:


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

Squirrel cage 1
610.00
1076.50
2716.50
2726.50

Squirrel cage 2
800.00
1076.50
2726.50
2745.50

Cable tray, support ring
840.00
1034.00
2801.70
2815.70

Electronics

Geometry is unknown, approximation of dangerous material is written at the end of this file.

Cables and connectors

Barrel part

High Voltage cables

HV1 cables
Module 1
Module 2
Module 3

Outer diameter
1.15
1.15
1.15

Area[mm2]
1.04
1.04
1.04

Number per module
14
12
10

Modularity
16
16
16

Z [mm]
850
850
850

R [mm]
600
750
900

Total area [cm2]
4.70
4.00
3.30

PPF1->PPF2
HV 1 Cables
HV 1 Cables - spare
HV 2 Cables

Outer diameter
1.15
1.15
0.97

Area[mm2]
1.04
1.04
0.74

Number per module
36
1
2

Modularity
16
16
16

Z1[mm]
850
850
850

Z2[mm]
3400
3400
3400

R1[mm]
1150
1150
1150

R2[mm]
3170
3170
3170

Total area [cm2]
12.00
0.30
0.40

Low voltage cables

LV1 cables
Module 1
Module 2
Module 3

Outer diameter
4.50
4.50
4.50

Area[mm2]
15.90
15.90
15.90

Number per module
1
2
2

Modularity
32
32
32

Z [mm]
775
775
775

R [mm]
600
750
900

Total area [cm2]
15.90
15.90
15.90

LV2 cables
Module 1
Module 2
Module 3

Outer diameter
4.80
4.80
4.80

Area[mm2]
18.10
18.10
18.10

Number per module
1
2
2

Modularity
32
32
32

Z [mm]
775
775
775

R [mm]
600
750
900

Total area [cm2]
18.10
18.10
18.10

PPF1->PPF2
LV 1 Cables
LV2 Cables

Outer diameter
4.50
4.80

Area[mm2]
15.90
18.10

Number per module
5
5

Modularity
32
32

Z1[mm]
775
775

Z2[mm]
3400
3400

R1[mm]
1150
1150

R2[mm]
3170
3170

Total area [cm2]
38.90
44.20

Signal cables

Data cables
Module 1
Module 2
Module 3
PPF1->PPF2

Outer diameter[mm]
0.95
0.95
0.95
0.95

Area[mm2]
0.71
0.71
0.71
0.71

Number per module
21
34
50
105

Modularity
32
32
32
32

Z[mm]
775
775
775
3170

R[mm]
600
750
900
1150

Total area[cm2]
9.50
15.40
22.70
47.60

Timing & parameter control
Module 1
Module 2
Module 3
PPF1->PPF2

Outer diameter[mm]
0.95
0.95
0.95
0.95

Area[mm2]
0.71
0.71
0.71
0.71

Number per module
7
14
14
35

Modularity
32
32
32
32

Z[mm]
775
775
775
3170

R[mm]
600
750
900
1150

Total area[cm2]
3.17
6.35
6.35
15.87

Temperatures cables
Module 1
Module 2
Module 3
PPF1->PPF2

Outer diameter[mm]
0.95
0.95
0.95
0.95

Area[mm2]
0.71
0.71
0.71
0.71

Number per module
4
4
4
12

Modularity
32
32
32
32

Z[mm]
775
775
775
3170

R[mm]
600
750
900
1150

Total area[cm2]
1.81
1.81
1.81
5.43

Senses cables
Module 1
Module 2
Module 3
PPF1->PPF2

Outer diameter[mm]
0.95
0.95
0.95
0.95

Area[mm2]
0.71
0.71
0.71
0.71

Number per module
3
6
6
12

Modularity
32
32
32
32

Z[mm]
775
775
775
3170

R[mm]
600
750
900
1150

Total area[cm2]
1.36
2.72
2.72
6.80

Forward part

HV1
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.15
1.15
1.15

Area[mm2]
1.04
1.04
1.04

Number of wheel
6
8
4

Number per wheel
6
3
6

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
900

Total area[cm2]
23.90
15.90
15.90

HV1 - spare
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.15
1.15
1.15

Area[mm2]
1.04
1.04
1.04

Number of wheel
6
8
4

Number per wheel
1
1
2

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
900

Total area[cm2]
4.00
5.30
5.30

PPF1->PP2

HV1
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.15
1.15
1.15

Area[mm2]
1.04
1.04
1.04

Number of wheels
6
8
4

Number per wheel
6
3
6

Modularity
32
32
32

Z[mm]
3400
3400
3400

Z2[mm]
3400
3400
3400

R[mm]
1095
1095
1095

R2[mm]
3170
3170
3170

Total area[cm2]
23.90
15.90
15.90

HV1 - spare
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.15
1.15
1.15

Area[mm2]
1.04
1.04
1.04

Number of wheels
6
8
4

Number per wheel
1
1
2

Modularity
32
32
32

Z[mm]
3400
3400
3400

Z2[mm]
3400
3400
3400

R[mm]
1095
1095
1095

R2[mm]
3170
3170
3170

Total area[cm2]
4.00
5.30
5.30

HV2 - interlock
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
0.97
0.97
0.97

Area[mm2]
0.74
0.74
0.74

Number of wheels
1
1
1

Number per wheel
2
2
2

Modularity
32
32
32

Z[mm]
3400
3400
3400

Z2[mm]
3400
3400
3400

R[mm]
1095
1095
1095

R2[mm]
3170
3170
3170

Total area[cm2]
0.95
0.95
0.95

Low voltage cables

LV1
Wheel A

Outer diameter[mm]
4.50

Area[mm2]
15.90

Number of wheel
6

Number per wheel
1

Modularity
32

Z[mm]
1240

R[mm]
1080

Total area[cm2]
61.10

LV2
Wheel A

Outer diameter[mm]
4.80

Area[mm2]
18.10

Number of wheel
6

Number per wheel
1

Modularity
32

Z[mm]
1240

R[mm]
1080

Total area[cm2]
69.50

LV3
Wheel B
Wheel C

Outer diameter[mm]
3.45
3.45

Area[mm2]
9.35
9.35

Number of wheel
8
4

Number per wheel
1
1

Modularity
32
32

Z[mm]
2250
3120

R[mm]
1080
1080

Total area[cm2]
47.90
23.90

LV4
Wheel B
Wheel C

Outer diameter[mm]
3.65
3.65

Area[mm2]
10.46
10.46

Number of wheel
8
4

Number per wheel
1
1

Modularity
32
32

Z[mm]
2250
3120

R[mm]
1080
1080

Total area[cm2]
47.90
26.80

PPF1->PPF2
LV1
LV2
LV3
LV4

Outer diameter[mm]
4.50
4.80
3.45
3.65

Area[mm2]
15.90
18.10
9.35
10.46

Number of wheels
6
6
12
12

Number per wheel
1
1
1
1

Modularity
32
32
32
32

Z[mm]
3400
3400
3400
3400

Z2[mm]
3400
3400
3400
3400

R[mm]
1095
1095
1095
1095

R2[mm]
3170
3170
3170
3170

Total area[cm2]
61.10
69.50
71.80
80.40

Signal cables

Data cables
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.00
1.00
1.00

Area[mm2]
0.71
0.71
0.71

Number of wheels
6
8
4

Number per wheel
24
12
18

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
1080

Total area[cm2]
65.33
43.55
32.66

Timing & parameters control
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.00
1.00
1.00

Area[mm2]
0.71
0.71
0.71

Number of wheels
6
8
4

Number per wheel
8
4
8

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
1080

Total area[cm2]
21.78
14.52
14.52

Temperatures cables
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.00
1.00
1.00

Area[mm2]
0.71
0.71
0.71

Number of wheels
6
8
4

Number per wheel
4
3
4

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
1080

Total area[cm2]
10.89
10.89
7.26

Senses cables
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.00
1.00
1.00

Area[mm2]
0.71
0.71
0.71

Number of wheels
6
8
4

Number per wheel
3
3
3

Modularity
32
32
32

Z[mm]
1240
2250
3120

R[mm]
1080
1080
1080

Total area[cm2]
8.17
10.89
5.44

PPF1->PP2
Wheel A
Wheel B
Wheel C

Outer diameter[mm]
1.00
1.00
1.00

Area[mm2]
0.71
0.71
0.71

Number of wheels
6
8
4

Number per wheel
39
22
33

Modularity
32
32
32

Z[mm]
775
775
775

Z2[mm]
3400
3400
3400

R[mm]
1150
1150
1150

R2[mm]
3170
3170
3170

Total area[cm2]
106.15
79.84
59.88

Fluids

Barrel part

Ionisation Gas
Module 1
Module 2
Module 3
PPF1->PPF2

Inner diameter[mm]
5.50
5.50
5.50
5.50

Outer diameter[mm]
6.00
6.00
6.00
6.00

Area[mm2]
28.30
28.30
28.30
28.30

Number per module
1
2
2
5

Modularity
16
16
16
16

Z[mm]
775
775
775
775

R[mm]
600
750
900
1150

Total area[cm2]
5.88
11.76
11.76
29.4

Straw ventilation
Module 1
Module 2
Module 3
PPF1->PPF2

Inner diameter[mm]
5.50
5.50
5.50
5.50

Outer diameter[mm]
6.00
6.00
6.00
6.00

Area[mm2]
28.30
28.30
28.30
28.30

Number per module
2
2
2
2

Modularity
16
16
16
16

Z[mm]
775
775
775
775

R[mm]
600
750
900
1150

Total area[cm2]
11.76
11.76
11.76
11.76

Electronics cooling - retint
Module 1,2,3
PPF1->PPF2

Inner diameter[mm]
4.50
5.50

Outer diameter[mm]
5.00
6.00

Area[mm2]
19.60
28.30

Number per module
3
3

Modularity
16
16

Z[mm]
775
775

R[mm]
600
1150

Total area[cm2]
12.25
17.64

Electronics cooling - supply
Module 1,2,3
PPF1->PPF2

Inner diameter[mm]
6.50
7.50

Outer diameter[mm]
7.00
8.00

Area[mm2]
38.50
50.30

Number per module
1
1

Modularity
16
16

Z[mm]
775
775

R[mm]
600
1150

Total area[cm2]
8.00
10.46

Forward region

Ionisation Gas
Wheel A
Wheel B
Wheel C
PPF1->PPF2

Inner diameter[mm]
5.50
5.50
5.50
5.50

Outer diameter[mm]
6.00
6.00
6.00
6.00

Area[mm2]
28.30
28.30
28.30
28.30

Number per wheel
4
4
4
4

Number of fed wheels
6
8
4
18

Z[mm]
1240
2250
3120
3400

R[mm]
1095
1095
1095
1095

Total area[cm2]
8.82
11.76
5.88
26.46

Straw ventilation - supply
Wheel A
Wheel B
Wheel C
PPF1->PPF2

Inner diameter[mm]
22.00
22.00
22.00
22.00

Outer diameter[mm]
24.00
24.00
24.00
24.00

Area[mm2]
452.00
452.00
452.00
452.00

Number per module
1
1
1
3

Modularity
0
0
0
0

Z[mm]
1712
2705
3395
3400

R[mm]
1080
1080
1080
1095

Total area[cm2]
4.52
4.52
4.52
13.57

Straw ventilation - return
Wheel A
Wheel A
Wheel B
Wheel B
Wheel C
Wheel C

Inner diameter[mm]
5.500
24.00
5.50
24.00
5.50
24.00

Outer diameter[mm]
6.00
26.00
6.00
26.00
6.00
26.00

Area[mm2]
28.30
531.00
28.30
531.00
28.30
531.00

Number per module
2
1
2
1
2
1

Modularity
0
0
0
0
0
0

Z[mm]
815
815
1727
1727
2807
2807

R[mm]
1080
1080
1080
1080
1080
1080

Total area[cm2]
5.31
5.31
5.31
5.31
5.31
5.31

Straw ventilation - return
PPF1->PPF2
PPF1->PPF2

Inner diameter[mm]
5.50
24.00

Outer diameter[mm]
6.00
26.00

Area[mm2]
28.30
531.00

Number per module
6
3

Modularity
0
0

Z[mm]
3400
3400

R[mm]
1095
1095

Total area[cm2]
2.21
15.93

Straw Cooling 
Wheel A
Wheel B
Wheel C
PPF1->PPF2

Inner diameter[mm]
5.50
5.50
5.50
5.50

Outer diameter[mm]
6.00
6.00
6.00
6.00

Area[mm2]
28.30
28.30
28.30
28.30

Number per module
2
2
2
2

Modularity
5
7
3
15

Z[mm]
1240
2250
3120
3400

R[mm]
1080
1080
1080
1095

Total area[cm2]
3.68
5.15
2.21
11.03

Electronics cooling - supply
Wheel A
Wheel B
Wheel C
PPF1->PPF2

Inner diameter[mm]
7.50
7.50
7.50
7.50

Outer diameter[mm]
8.00
8.00
8.00
8.00

Area[mm2]
50.27
50.27
50.27
50.27

Number per module
2
2
2
2

Modularity
6
8
4
18

Z[mm]
1240
2250
3120
3400

R[mm]
1080
1080
1080
1095

Total area[cm2]
7.84
10.46
5.23
23.52

Electronics cooling - return
Wheel A
Wheel B
Wheel C
PPF1->PPF2

Inner diameter[mm]
7.50
7.50
7.50
7.50

Outer diameter[mm]
8.00
8.00
8.00
8.00

Area[mm2]
50.27
50.27
50.27
50.27

Number per module
2
2
2
2

Modularity
6
8
4
18

Z[mm]
1240
2250
3120
3400

R[mm]
1080
1080
1080
1095

Total area[cm2]
7.84
10.46
5.23
23.52

Material composition and dimensions of cables

HV1
Number
ID[mm]
OD[mm]
Material

Conductor
1
0
0.16
Cu

Dielectric
1
0.16
0.52
HFI150

Drains
3
0
0.1
Cu

Shielding
1
0.77
0.85
Al

Shell
1
0.85
1.15
HFI150

LV1
Number
ID[mm]
OD[mm]
Material

Conductor
3
0
1.13
Cu

Dielectric
3
1.13
1.8
Polyimide

Shielding
1
4.26
4.5
Cu

LV2
Number
ID[mm]
OD[mm]
Material

Conductor
2
0
1.38
Cu

Dielectric
2
1.38
2.1
Polyimide

Shielding
1
4.56
4.8
Cu

LV3
Number
ID[mm]
OD[mm]
Material

Conductor
3
0
0.71
Cu

Dielectric
3
0.71
1.3
Polyimide

Shielding
1
3.16
3.4
Cu

LV4
Number
ID[mm]
OD[mm]
Material

Conductor
2
0
0.87
Cu

Dielectric
2
0.87
3.1
Polyimide

Shielding
1
3.36
3.6
Cu

Signal cables type C
Number 
ID[mm]
OD[mm]
Material

Conductor
2

0.16
Al

Dielectric
2
0.22
0.47
HFI150

Drains
1

0.18
Al

Shielding inner
1
0.98
1.02
Al

Shielding outer
1
1.02
1.06
Polyester

Signal cable OS1
Number 
ID[mm]
OD[mm]
Material

Conductor
2

0.13
Cu

Dielectric
2
0.13
0.39
HFI150

Drains
4
0
0.0635
Cu

Shielding
1
0.86
0.95
Al

Connectors

Types of connectors

High voltage
Contacts

Special Lemo
3

Lemo/Redel
51

Low voltage


Radiall
34

Datas


Robinson
60

Robinson
51

Robinson
34

Connectors of fluid


Standard straight
Tube OD 6


Tube OD 8

Standard elbow
Tube OD 6


Tube OD 8

Material composition and dimensions of connectors

Connector HV Lemo 51 pines
ID[mm]
OD[mm]
Length[mm]
Height[mm]
Material

Contacts
0.00
1.15


Bronze

Corps


43.00
18.60
Peek

Shielding


43.00
0.50
Al

Connector (total)


54.00
20.00


Connector LV RADIALL 34 pines
ID[mm]
OD[mm]
Length[mm]
Height[mm]
Material

Contacts
0.00
1.50


Cu

Corps


61.00
20.00
Resine

Shielding


63.00
1.00
Al

Connector (total)


70.00
22.00


Connector Datas-Robinson 60 pines
ID[mm]
OD[mm]
Length[mm]
Height[mm]
Material

Contacts


0.60
0.40
Cu

Corps


44.00
7.00
Plastic

Circuit


54.00
1.60
Glass fibre

Shielding


54.00
0.60
Al

Connector (total)


59.00
9.00


Connector Senses-Robinson 50 pines
ID[mm]
OD[mm]
Length[mm]
Height[mm]
Material

Contacts


0.60
0.40
Cu

Corps


37.00
7.00
Plastic

Circuit


54.00
1.60
Glass fibre

Shielding


54.00
0.60
Al

Connector (total)


59.00
9.0


Connector temperatures-Robinson 34 pines
ID[mm]
OD[mm]
Length[mm]
Height[mm]
Material

Contacts


0.60
0.40
Cu

Corps


27.00
7.00
Plastic

Circuit


47.00
1.60
Glass fibre

Shielding


47.00
0.60
Al

Connector (total)


47.00
9.00


Fluid connector - tube OD6
ID[mm]
OD[mm]
Material

Connection
6.00
14.00
S steel

Fluid connector - tube OD8
ID[mm]
OD[mm]
Material

Connection
8.00
17.00
S steel

Fluid connector - tube OD6
ID[mm]
OD[mm]
Material

Connection
6.00
14.00
S steel

Fluid connector - tube OD8
ID[mm]
OD[mm]
Material

Connection
8.00
17.00
S steel

C6F14 connector
ID[mm]
OD[mm]
Material

Connection
6.00

S steel

Dangerous material present in TRT 

This information is take from Fred Luehring material file.

Total amount of dangerous material at the end of barrel (most of material is electronics and support)

The geometry of electronics is now unknown. The approximate weights (just estimation!!!!!!) of dangerous material of individual parts are written in next tables. Aluminum is present in next tables due to impurities.

Barrel
Material
Weight (g)

HV Plate Ground
Cu
406.34

HV Plate Solder
Pb/Sn
52.21

Cap socket - upper
Brass
94.06

Cap socket - lower
Brass
188.12

Cap Double Pin
Brass
264.96

Cap Top Wire
Cu
132.48

Capacitors
BaTiO2
788.26

Conductive Epoxy
Silver
525.44

Fuses
Cu
101.76

Fuses Box Capacitors
BaTiO2
69.12

Spring Clip in Fuse Box
Brass
57.6

Mounting Pins
Steel
78.72

Tension Plate 
Cu
790.1

Eyelets
Brass
1050.88

Taper Pin
Brass
2028.2

ASDBLR Signal Socket
Brass
958.46

ASDBLR Ground Socket
Brass
359.42

ASDBLR Pads
Cu
835.53

ASDBLR Bond Wires
Au
13.77

ASDBLR Ground Plane
Cu
329.63

DMTROC Pads
Cu
804.51

DMTROC Bond Wires
Au
8.07

DMTROC Ground Plane
Cu
392.63

Flex board Cu
Cu
924.27

Brass Pins for Tension Plate
Brass
1257.98

Resistors
Cu
168.9

White Connector Male
Cu
469.65

Snake Cable Cu
Cu
53.05

White Connector Female
Cu
1043.66

Signal Connector Pins
Cu
157.7

Cooling Tabs
Al
2995.2

Cooling Plate
Al
9394.88

Periscope Fitting
Al
983.04

Cooling Fluid Manifold
S Steel
1171.2

Cooling Manifold Female F.
S Steel
548.51

Cooling Manifold Male F.
S Steel
210.48

Sense Gas Manifold
S Steel
945.6

Reducer
S Steel
104.83

Stainless steel tubes 
S Steel
42.24

Transition Fitting
S Steel
115.97

Swage Band
S Steel
6.14

Vent Gas Manifold
S Steel
449.16

The total amount of individual elements from previous table is written in next table.

Material
Cu
Brass
Solder
Au
Silver
BaTiO2
Steel
Al

Weight (g)
6613.69
6259.68
52.21
21.84
525.44
857.38
3672.8
13373

The composition of brass:

· Zinc (28-35%)

· Cu (60-70 %)

· Pb, Sn, Fe (less than 5%)

The exact amount depends on type of brass. There is approximate amount of elements in brackets.

The approximate weight of rest electronic barrel part is written in next table.

Material
ULTEM
G10
MYLAR
SiO2
Kapton
Plastic
PEEK

Weight [g]
5770.92
9596.01
15118.56
470.5
2091.79
3377.54
1126.63

Material
H
C
O
N
Si

ULTEM
4.2
74.5
16.5
4.8
0

G10
1.6
25
45.3
unknown


MYLAR
4.2
62.5
33.3
0
0

SiO2
0
0
53.3
0
46.7

Kapton
2.6
69.2
20.9
7.3
0

Plastic
unknown





PEEK
4.3
84.4
11.3
0
0

The next information is taken from ATL-INDET-2000-013.  It is approximate of dangerous material, that is present in EC electronics.


Part
Material
Weight[g]
Percentage
Thickness
Part of TRT

WEB 
Solder 
Pb
520.92
30

EC



Sn
780.00
70




Main part
Cu
10000.00




















Squirrel cage

Al
Unknown

6 mm
EC



Cu
270.00
0.10%





Fe
1075.00
0.40%





Cr
670.00
0.25%





Zn
670.00
0.25%











Chip boards

Cu
10000.00

35 m 
EC



Cu
5000.00


Barrel

















Solder on boards

Pb
2953.30
30
135 m 
EC



Sn
4430.00
70













Pb
1175.40
30





Sn
1760.00
70
0.1 mm 
Barrel

















Conductive plate

Zn
35.00
20%
2 m
EC



Sn
45.00
25%
2 m




Cu
95.00
55%
2 m




Cr
155.00




















Petals

Au
12.50
0.05 m

EC

