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Abstract
A careful assessment has been made of the masses and compositions of components for the SCT Barrel and the two End-caps (EC-A & EC-C). Models have been constructed to describe these components and these have been incorporated into the Geant4 Geometry Description used by the ATLAS Offline Software.

This paper includes
· An introduction to how the Material Budget for the SCT has been obtained

· A description of the End-cap material.

· A description of the Barrel material.
1. Introduction
There are two steps in the process to obtain the Geometry Description:
1. Stephen (End-caps) & Alessandro (Barrel) obtained information from the Engineers about components. This was “rendered” to a suitable form, referred to as the “Model”.

2. Initially Grant and then Pat took the Model and created the Geant4 volumes (described by GeoModel and the Database) to provide the G4 Geometry Description in the ATLAS Offline Software.
1.1 Information

Information about the SCT Material Budget can be obtained from 

http://hepwww.rl.ac.uk/atlas-sct/engineering/material_budget/
This includes links to

· Much of the information used to formulate the Models, including some illustrative photos and the corresponding spreadsheets.

· Radiation-length plots produced by Pat Ward for the latest Geometry.

· Lists of recent corrections to the Models.
1.2 Process
1.2.1 Guiding Principles
The ATLAS Detector and Physics Performance TDR (Vol I, Section 7.2.2.3) provided the motivation for obtaining a description of the material in the InDet to O(2)% of its value.
We have tried to identify every single component in the SCT; the belief being that it was often quicker to allow for every single detail (however small), than produce a large list of exceptions and worry about their effects.
Components which are of the order of 1 cm3 and 1 g or more have been associated usually with their own volume; smaller items are combined with larger object.
Details of the material (amount and location) are much more important at lower radius where the effects are seen i) by tracks in the InDet and ii) in larger clusters in the Ecal. There is less sensitivity to material at higher radius, in particular, when it is just in front of the Cryostat (which corresponds to O(2) X0). Nevertheless, every effort has been made to include the total mass of SCT material.

We have tried to retain a reasonable amount of spatial precision, especially within the tracking volumes. Components of small mass or large radius may have been smeared in azimuth.
We believe that what is really important is not so much the detailed material distribution at a given point, but what is seen by sets of particles averaged over small solid angles of a few degrees. With this in mind, the exact details of the shape of a component are not important, provided it is only a fraction of a radiation length. Therefore the shapes of most components have been simplified.

It is important to determine the compositions of components accurately. What counts is the total mass and its radiation length expressed in g/cm2. There is a range of radiation lengths used for the various components (12.8 g/cm2 for CuNi to ~40 g/cm2 for plastics); this is not a problem if they are weighed independently. If a component is made of similar amounts of materials with very different radiation lengths, then the composition needs to be known to a few percent.
To get the total rate of interactions with a particular component correct to O(1)%, it is important to locate the modelled component at the correct transverse radius to O(1)%. I think the effect of z-position is less critical.

While an effort has been made to locate G4 volumes at the correct position, sometimes they need to be shifted to accommodate other volumes (simple volumes don’t have the holes etc which real components have).
1.2.2 Information gathering
Information on components has been obtained by:

· Observing the sub-detectors as they have been constructed.

· Weighing sets of components where possible.

· Extracting estimates of masses from the CAD system.

Key input spreadsheets from the Engineers can be found from the Web. However, many emails were exchanged and lots of information exists in hand-written form or on printed drawings.
1.2.3 Checking
1.2.3.1 Weighing the Complete SCT
Also attempts were made to weigh separately the Barrel and two End-caps at CERN. This involved weighing the TRT with load-cells and then repeating with the SCT sub-detectors integrated into the TRT. It was difficult to extract the SCT masses, since the process required the subtraction of two large numbers and allowance for all the extra fixtures (not part of ATLAS) which were added and all the components which were missing. Although care was taken to collect all the extra fixtures, there was little faith in the estimates, in particular because the two End-caps differed by 30 kg, which is not credible. These measurements can be found in the ATLAS Detector Paper.
1.2.3.2 Workshop
To verify to some level what has been done, on 18/19 Dec 2007, we held two days of meetings:

Day 1: Stephen & Alessandro went through the Model with Pat to ensure that she had correctly understood the proposed Model with respect to the number, position and masses of volumes.

Day2: Stephen & Alessandro went through the Model with the key RAL Engineers to ensure that we had not forgotten anything and had a reasonable description of components. Because of the large number of figures, it was difficult to check absolutely everything, so there was an element sampling and common-sense checking. 
2. End-cap

The End-cap was considered in six regions:

· Modules – this work was done by Peter Kodys and is not discussed here

· Disks and Services

· Support Cylinder and Services

· Support Structures

· Radial Services (External Services)

· Cryostat Services (External Services) and PPF1

The End-cap material has been assessed up to and including PPF1 (on Cryostat Flange).

2.1 Description of End-cap Components
2.1.1 Disks and Services

The Disks are composite structures consisting of CFRP facesheets and Korex® honeycomb core, glued together with Araldite 20111. The Disk contains a number of Ultem® inserts.

The Cooling is supplied by CuNi tubes of 70 m wall thickness, with different segments being soldered together. The pipes carry liquid C3F8 coolant to the Modules which are cooled by evaporation. The “wiggly” pipes are held to the Disk by carbon-carbon Blocks which also serve to locate and support the Modules. Electrical power is supplied to the Modules by power tapes which have copper tracks printed on polyimide, with twisted pairs for the high-current LV. Data is transmitted via optical fibres, arranged in an OptoHarness. There are DCS sensors and wires as well as FSI (alignment) jewels and fibres.
At the outer radius of the Disk are sets of Patch Panels (PPF0). For most Disks, there are 4 Cooling, 8 Opto, 16 Electrical PPF0s.
2.1.2 Support Cylinder and Services

The Support Cylinder is a composite structure, similar in construction to the Disks. Each End-cap has one Cylinder, supporting 9 Disks. The Cylinder contains various inserts and is covered with a Cu-polyimide sheet for grounding and shielding (G&S) purposes. Disks are held in place by aluminium Disk Fixations (12 per Disk).

CuNi/Cu Cooling Pipes, Low-mass Tapes (LMTs), optical fibres, DCS wires and FSI fibes run from the Disk apertures to the end of the Cylinder. The LMTs have copper tracks printed on polyimide. The services are supported on the Cylinder by a variety of clips made from aluminium and polycarbonate. To keep the stacks of LMTs cool (there can be up to 27 Tapes in a stack), additional Cooling Pipes are used and heat is transferred through aluminium foils. In addition, PEEK pipes (manifolded at the Barrel end) extract the N2 environment gas from the SCT End-cap volume.
The End-cap is contained within the Outer Thermal Enclosure (OTE). This is a composite of aluminised-polyimide, Airex® foam and Cu-polyimide. The OTE is support on 8 CFRP Rails. The outside of the OTE is covered with Heater Pads (and their power/sensor wires) to prevent condensation. At the end of the End-cap, there is a flange of the same materials.
2.1.3 Support Structures

Along with the Support Cylinder, there are three other Support Structures: The Front Support, Rear Support and Inner Thermal Enclosure (ITE).

The Front Support is a composite structure make of CFRP facesheets and Korex® with Ultem inserts. The Front Support is held to the Support Cylinder and ITE by rings of steel bolts. The Support is held in place on the TRT Rails by a pair of aluminium “Mechanisms”. On the inside is a Gas Membrane (polyimide) and a G&S Membrane of Cu-polyimide. On the outside is a set of Heater Pads and their wires. Facing the Outer Modules on Disk 1 and 9 is a Shunt Shield made of Cu-polyimide and Airex®.
The Rear Support is like the Front Support, but twice as thick. There is just a single Cu-polyimide Membrane.

The ITE is a simple CFRP cylinder with flanges either end. The surface is covered with Airex® into which are machined gas channels. The foam is covered in Cu-polyimide.
2.1.4 External Services
All the services running along the Support Cylinder turn through 90° at the end of the End-cap. Here they go through the Services Thermal FeedThrough (STFT) which is made of Airex® and contains cooling connectors. The services then pass through the Radial Cable Tray which is two disks of aluminium with aluminium spacers. In this region are the CuNi Heat Exchanges for the cooling. 
At the Cryostat, the services turn to run along the Cryostat, where they are supported by the Cryostat Cable Trays. There is a monophase cooling circuit to cool the tapes – this uses CuNi pipes with liquid C3F8.
The services run to the PPF1 Patch Panels which sit at the end of the Cryostat. All of the services, except the FSI fibres, have connectors at this point. The connectors consist of CuNi fittings, Infineon® plastic connectors and PCBs and are contained in aluminium housings.
2.2 Process
Described in Section 1.2.2.
To obtain rapid estimates of the total mass of the End-caps to i) ensure that the Support Structure could support the weight and ii) compare with the measured mass of the End-caps, rough estimates were made of the external services (from the corner of the OTE to PPF1). These were subsequently superseded by a more accurate model.

2.3 Surprises

There were several “surprises” corresponding to significant differences between estimated and measured masses or between components for EC-A and EC-C. In all cases, these were associated with adhesive spread on Airex foam. The amount of glue deposited on the Airex form depends critically on how it is applied and the temperature; in particular, how much goes into the open bubbles on the foam surface.

· For the ITE:
The mass of glue estimated by scaling the measured glue used in the OTE is 0.54 kg.
The mass of glue deduced by subtracting the masses of the components (other than the glue) from the weighed ITE’s is 1.22 kg on an ITE assembly weighing 6.3 kg.

· For the Rear Thermal Pads:
The mass of glue estimated from the nominal areal density is 72 g.
The mass of glue deduced by subtracting the masses of the components (other than the glue) from the weighed Pads is 513 g on a Pad weighing 1.2 kg.

· For the OTE’s:
One OTE has 50% more glue than the other (average mass is 2.5 kg).
This was attributed to noticeably different quality of Airex used on the two OTE’s.
2.4 SCT End-cap Mass estimates

The bottom-up mass computation is summarised in the following table.

	Components
	Mass (kg)

	Modules
	24

	Disks & Services
	33

	Support Cylinder, Services, OTE
	57

	Other Support Structures (ITE, Front & Rear Supports)
	23

	External Radial Services (including STFT & RCT)
	41

	Extrenal Cryostat Services (including CCT’s)
	47

	PPF1’s
	35

	TOT
	259


2.5 SCT End-cap X0
The fraction of radiation length (X0) as function of pseudo-rapidity of the End-cap services and modules is shown in the figure below.
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2.6 Checks

Mistakes in developing the Model can arise from:

A. Incorrectly weighing or estimating the masses of components or misrecording the information.

B. Incorrectly transferring numbers to spreadsheets.

C. Forgetting components.

D. Numerical errors in manipulating the data and forming averages in spreadsheets.

Mistakes in creating the G4 Geometry Description can arise from:

E. Misunderstanding the model.

F. Mistyping the information.

Other than spotting obvious errors, not much can be done with A and B, although comparisons in some cases between CAD estimates and measurements gave some confidence.
We hope to have minimised C by discussion with the Engineers (see Section 1.2.3).

The numbers in the spreadsheets have been checked to varying degrees on several different occasions. Several mistakes have been found, but none are very big. In the last round of checks in preparation for the meetings of 18/19 Dec, I noticed that I overestimated the mass of C3F8 by 0.5 kg (this will be corrected). As a result of the subsequent discussions with the Engineers, I have found three other errors (some additions, some subtractions) O(100) g. 

In some cases, complicated averaging has been done and sets of (weighed) assemblies have been broken down to form localised volumes. In these cases, checks of consistency can be made. In all but one case, these verify the consistency of the manipulations. The one case where there is an inconsistency is very complicated and I have not had the time to track this down – it may just be an error in formulating the check.

2.6.1 Weighed Components

Wherever possible, measured weights have been used.

In a few cases, objects were both weighed and estimated from the CAD system. In several cases, components were weighed, but subsequently modified or had parts added.

In many cases, almost exclusively associated with the External Services, components were not weighed because of time pressure to ship them to CERN.

Comparisons between weights and CAD estimates for some illustrative components:

	Component
	Estimate (g)
	Measurement (g)
	Difference
	Comment

	Spacers in RCT
	~79
	~74
	6.8%
	Fittings may have been added

	RCT
	11366
	10590
	7.3%
	Very complex assembly.

	PPF1 Mounting Plate
	142
	139
	2.2%
	Simple metalwork

	Monophase Cooling 
	193
	182
	6.0%
	Complex pipe-work with connectors


For an average Disk with all its Services, the sum of all the components was 3.39 kg, while the average weight was 3.44 kg – a difference of 1.6%. To get the total Disk mass to agree with the measured weight, the CFRP Disk was scaled. 
2.6.2 G4 Geometry Description
To check the G4 Geometry, we used VP1 with CSC-02-00-00 (thanks to Thomas Kittelmann). We tried to check

· Numbers of volumes

· Locations – in some cases, we examined positions and dimensions; in other cases it was obvious that volumes were roughly in the correct place by reference to neighbouring volumes.

· Masses – this was apparent from clicking on volumes.

In particular, we checked:

· Disk 2 Services and PPF0; we identified various FSI jewels although didn’t check which was where.
See picture below showing PPF0’s, Disk Fixations and FSI Jewels.
· Disk 8 has Short-Middle Modules

· Disk 9 is rotated.

[image: image2.png]irtual Point 1

Plugins  Configuration ~ Style

- Controls: Geometry————————— (" op

=lolx|

Ble)=E

>>> Geometry <<<

Display options

Selection feedback

] Geometry is selectable
Print on Selection

[Jtree [ shape
[ Copy No [ ] Transform ‘

%] Mass (unreliable)

Iconised volumes [33] E
L I (€1 D)

Cruise Mode [off]

)

Rotx Roty

@Event O Tab O Both

General | Geo | Cudes | [4] »
Sub systems % -

Doly|

Geometry/Geo: ===> Selected Node:
Geometry/Geo: PatchPanelOsct:PPFOe
Geometry/Geo: ===> Total Mass <:
Geometry/Geo: Inclusive 0.02036 kg
Geometry/Geo: Exclusive 0.02036 kg

Interval 15[ [~]

Event [run 0, event# 1]

@) ]

@





Services outside the Tracking Volume only appear in CSC-03-00-00 which we were unable to check with VP1. Therefore, we checked these directly form the Database.

No mistakes where found which verifies that the G4 geometry is a faithful representation of the Model.

There were some small differences in positions of volumes, typically of the order of a few mm. The alternative positions were chosen to avoid volume clashes or allow room for “alignable” volumes. Eg Support Cylinder should start at a radius of 574 mm, but is actually located at 576 mm.

2.6.3 Comparison between Model and G4 Geometry
As a cross-check, we represented the components of the Model in Excel and formed pseudorapidity distributions of the radiation lengths. This was done at the time of the rough estimate of the External Services, before the more precise estimate of the Radial and Cryostat Services, and excludes PPF1. The results of this study were compared directly to the G4 Geometry as seen in the figure. 
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The difference between the integrals of the two distributions is 0.5%.

The following figure shows the comparison between the Model and the G4 Geometry for the integrated radiation length plots (arbitrary normalisation). Also shown are the masses of these groups of components in the five different regions. Differences between the Model and the G4 Geometry arise largely due to associating components with different regions. The mass is not directly related to the radiation lengths due to the varying nature of the materials and the angle subtended (the External Services are quite a way from the IP).
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2.7 Uncertainties

Know uncertainties are:
Sealant (Tempflex and Techsil)

400 g has been estimated for the STFT, but this may be wrong by a factor of 2-3.

Coolant (C3F8)

This has been modelled with various assumptions for the mass vapour fractions. These values are based on old studies, which may not be applicable now and the fractions will depend on the actual heat load. 

	Where
	Mass Vapour Fraction (%)

	Incoming pipes
	0%

	After Capillaries
	22%

	At end of Exhausts
	83%

	Exiting pipes
	22%


2.8 C3F8 Coolant
	Location
	Mass (kg)
	Comment

	On-Disk
	1.66
	The “Wiggly” pipes are very long: an Outer Circuit (one quadrant) is 3 m long.

	On-Cylinder: Disk Cooling
	0.61
	Long, but mostly vapour.

	On-Cylinder: LMT Cooling
	1.13
	

	HEX
	0.99
	

	Cryostat Services
	1.40
	Very long, around the circumference of the Cryostat.


2.9 Omissions

Only small omissions/mistakes are (currently) known – they are too small to be worth the effort to change them. Details can be found at:

http://hepwww.rl.ac.uk/atlas-sct/engineering/material_budget/X0_Corrections.doc
2.10 Comparisons between EC-A and EC-C

The two End-caps are intended to be identical. However there are small differences which are known:
	Component
	EC-A Mass (kg)
	EC-C Mass (kg)
	Half Diff
	Comment

	Support Cylinder
	10.98
	10.38
	2.7%
	

	OTE adhesive
	2.11
	3.21
	26.1%
	Poor quality Airex for EC-C

	ITE
	6.47
	6.05
	
	Different adhesive coverage

	LMT Cooling Clamp
	?
	?
	
	Use PEEK block rather than Al arms

	Sum
	19.56
	19.64
	0.2%
	


The net difference is very small
2.11 Summary for End-caps

The End-cap Engineering Paper
http://hepwww.rl.ac.uk/atlas-sct/engineering/Papers/SCT_EC_Eng/SCT_EC_Eng.doc
provides a summary of the total mass of one End-cap with the corresponding radiation length plots (taken from Pat’s web).

It is hard to estimate the uncertainty on the mass (radiation length) estimates. I believe the estimates for the tracking volume is probably very good: the initial estimates agreed well with the measured Disk masses, and then the estimates were scaled. Looking at the way in which errors have been identified in the last year, I would guess the error on the total mass in the tracking volume (up to and including the Thermal Enclosures) is less than 5 kg on 140 kg – better than 4%. I am less certain about the total mass up to and including PPF1 – hopefully less than 10 kg on 260 kg. 
3. Barrel

To estimate the total mass of the barrel SCT a bottom-up approach has been followed. It consists of gathering all available information from responsible engineers and modelling it according to their geometrical position and relevance in terms of radiation length. Whenever possible weight measurements have been used, when this information is not available CAD estimates have been used. In sec. 3.3 there is the comparison between this bottom-up estimate and the measurement of the whole barrel SCT. 

The Barrel was considered in three regions:

· Modules– this work was done by Taka Kondo and is not discussed here

· On-Barrel Services

· Off-Barrel Services

The Barrel material has been assessed up to and including PPB1 and then along the Cryostat to the region of PPF1. 
Detailed information of source data, i.e. materials and compositions, and of the subsequent models can be found in the following web page 

http://hepwww.rl.ac.uk/atlas-sct/engineering/material_budget/

An overview will follow.

3.1 Description of Barrel Components
3.1.1 On-Barrel Services

All four SCT barrel layers, indicated here by the acronyms B3, B4, B5 and B6, have been treated similarly (unless explicitly stated) since the material is distributed in a similar way on them. 

The main On-Barrel service sub components of each barrel layer are the following:

1. Cylinder Assembly

2. Harness and Dogleg Assemblies

3. Brackets

4. Cooling Loops and Cooling Block Assemblies

5. And-flange Assemblies

6. FSI. 

The Cylinder Assembly includes the carbon fibre support cylinder and flanges. The Harness comprises the Al-Kapton Low Mass Tapes (LMT) and the PEEK permanent clamps, the PCB Interface between the dogleg and the straight part of the LMTs and a fraction of the optical fibres. The brackets that support the modules are split into two parts: a lower and an upper part. The lower bracket includes the pad reinforcements that were added at a later stage of the barrel assembly. The upper part includes the dogleg.

The cooling loops are complex objects which comprises many sub-components: straight Cu-Ni pipes, Cu-Ni “U”-bends, cooling blocks coupled to the modules, inlets and outlets. For economy of simulated volumes (in order to minimise the simulation time) only part of these objects has been simulated individually: cooling blocks and cooling pipes. The outlet manifolds have many different designs, so an averaging has been necessary. Furthermore the inlet, outlet and “U”-bends assemblies have been merged in GeoModel as a single volume, however their individuality can be easily recovered from the spread sheets if necessary in the future.

The amount of cooling fluid C3F8 through the pipes has been estimated from the vapour quality given at both ends of the loop. 

At both ends of the barrel cylinders there are clamps holding fibres and wires before being routed outwards. All these materials are taken into account and smeared in the end-flange volume.
FSI…

3.1.2 Off-Barrel Services

With Off-Barrel Services we include all services, e.g. cables, pipes, wires fibres, which are not on the active SCT layers and service the barrel SCT. 

The Off-Barrel services are split into the following main sub-components:

1. Interlinks and bearings

2. Cooling spider and capillary assembly

3. Thermal Enclosure (TE) assemblies

4. Heat Spreader Plate (HSP) assemblies

5. Heat Exchanger (HEX) assembly

6. Patch Panel B1 (PPB1)

7. Cables and Cable Trays.

The interlinks and bearings are part of the SCT support structure: the interlinks are carbon fibre stripes that link the SCT barrels together and are attached to the bearings, mounted on B6, that carry the whole barrel SCT weight.

The cooling spiders and capillaries are respectively the outlet and inlet cooling pipes. They are mostly made of Cu-Ni compound and are placed in the thin gap at each end of the barrel.  

The TE provides the thermal shield of the SCT detector. It is a complex barrel-shaped object and its simulation is split into the following volumes: inner TE (ITE), ITE Electric Shield Joint, Outer TE (OTE), Bulkhead, End-Panels. A finer description is provided for the parts of the TE closer to the IP, i.e. ITE and the ITE Electric Shield Joint. The latter is comprised of three extra joints added at a late stage of the installation: they are 10 micron thin layers of glue, made of Nickel filled Epoxy. The OTE and the End-Panels are modelled as single volumes containing insulating Pyrogel pads, Airex foam and Al/CFRP skins. The various kinds of sealant and glues are accounted for.  The bulkhead volume includes the Al bulkhead rings and the feedthroughs.

The Heat Spreader Plate (HSP) serves to contain all of the SCT barrel services on their way from the TE bulkhead to the connection at PPB1. It also contains cooling circuits to remove heat from the LMTs in this region. It is simulated as one single volume which is made of materials belonging to the different physical objects that run through the HSP volume: the main components are the aluminium plates, part of the Off-Barrel opto-harness, a fraction of the capillaries, N2 pipes and DCS wires.

Despite being partly inserted within the HSP plates, the HEX is simulated as a separate volume to allow for more flexibility: it is a physical unit by itself and some parts, i.e. heaters, have been redesigned multiple times even during installation.  The HEX assembly comprises the Cu-Ni exhaust tubes, the “dummy heater” (the stainless steel pipe in place of the heaters, which have been moved during installation out of the SCT volume), inlet pipes, connectors and service trays. The estimated amount of C3F8 fluid running through the pipes is also taken into account.  To have a more realistic geometrical description each HEX assembly is modelled as three separate artificial volumes: according to their proximity to barrel they are named “inner”, “middle” and “outer”. 

PPB1 is a general name for the various connector assemblies: there are power cable, wire, N2 tube, optical fibre, cooling, heater and CO2 delivery tube patch panels. They are placed along the cryostat wall in the z region 875-1870 mm. In the model we have identified 7 different kinds of PPB1 assemblies, however in the simulation we have decided to minimise the granularity and merge some of these assemblies in single volumes so that we end up we only 4 separate volumes in GeoModel. The cables that leave the patch panels towards PPF1 and run through the cryostat wall follow the same granularity as PPB1, so that a similar geometrical model is applied. These cables are supported by aluminium trays. We have stopped computing their material budget at the end of the SCT envelope, PPF1 region excluded.    

3.2 Uncertainties and omissions
As already explained, there are unquantifiable omissions of those components not included in the model because we are not aware of their existence.  However, the close collaboration with the engineers involved both in the design and in the installation and the reasonable agreement with the top-down weight measurement of the barrel SCT make us confident that these omissions, if any at all, are small.
There are also uncertainties on the material compositions: the composition of some materials, like sealants and some compound objects, is not known precisely so sensible estimates are used.

Some assumptions have been made in order to estimate the amount of cooling fluid, i.e. C3F8, in the On-Barrel and Off-Barrel pipes. We have been given the vapour quality at the inlet (27%) and outlet (83%) of the On-Barrel cooling pipes and we have assumed that the vapour quality is a linear function of the position along the On-Barrel pipe. For the Off-Barrel cooling pipes, since we have no further information, we have assumed that, in first approximation, the vapour quality is constant along the Off-Barrel pipes. All these assumptions are based on old studies and first order approximations and should be re-assessed in real working conditions.
Some approximations have also been made in the estimates of the volume, extension and geometrical position of some complex-shaped objects, e.g. cooling manifolds, wire lengths etc.. 
Whenever possible measured weights have been used, but in many cases measurements were not available or not reliable, in these cases CAD estimates have been used. This leads to uncertainties in the mass estimates, however it is known that CAD masses are very precise, better than 1%.
3.3 SCT Barrel Mass estimates

The bottom-up mass computation is summarised in the following tables: the first table shows the masses of the On-Barrel services (excluding silicon modules and including cooling fluid) and the Off-Barrel services (including cooling fluid).
	On-Barrel Services
	B3
	B4
	B5
	B6
	TOT 

	Mass (kg)
	14
	18
	22
	25
	78


	Off-Barrel Services
	Interlinks
	Cooling

Pipes
	TE
	HSP
	HEX
	PPB1
	Cables

& Trays
	TOT

	Mass (kg)
	2.64
	2.30
	30
	49
	50
	60
	197
	392


The mass and composition of the silicon modules have been computed by Taka Kondo: the average module’s mass is 24.74 g and they give a total mass of 52.26 kg for the whole barrel SCT. 

A comparison with a top-down measurement of the whole barrel SCT weight has been attempted. A lot of effort has been put in to make sure that the two weight estimates include the same components and nothing more. As far as the bottom-up mass computation is concerned, we have included in the calculation all the On-Barrel services, the total silicon module mass, whereas the cooling fluid has been removed. Moreover some Off-Barrel services have also been included: interlinks, cooling capillaries and spiders, N2 pipes, LMT’s, DCS wires and TE.  The bottom-up estimate gives a mass of 186 ± 5 kg. The uncertainty is a conservative estimate considering the omission of the FSI which accounts for about 2 kg, the omission of the SCT-Pixel attachment and various approximations.
As far as the top-down measurement is concerned, the barrel SCT mass is extracted from the measurement of the barrel SCT and TRT together with a support trolley, by subtracting from this measurement the barrel TRT’s weight, the trolley’s weight and some extra temporary materials. The weight of the whole barrel has been measured twice, each measurement has an initial calibration uncertainty of about 10 kg. Furthermore the two measurements are in disagreement by about 20 kg. This large uncertainty on the TRT weight measurement makes the comparison with the bottom-up estimate not as accurate as originally hoped. Choosing the average between these two measurements the top-down estimate gives 184 kg. Despite the disagreement between the top-down and bottom-up estimates is only 2 kg, not much information can be inferred from this comparison, due to the 20 kg uncertainty on the experimental measurement. 
3.4 SCT Barrel X0
The fraction of radiation length (X0) as function of pseudorapidity of each On-Barrel service component (summed over the four barrels) and of the On-Barrel services broken-down barrel-by-barrel are shown in the two figures below.
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In the following two figures we can see the break-down of all Off-Barrel components (left) and of all On-Barrel and Off-Barrel components (right). 
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It has been checked that the values of radiation length as function of pseudo-rapidity in the above figures agree with those obtained by using Geantinos, that is the masses and geometry in GeoModel agree with those in the spread sheets. Small differences have been found and are due to the crude geometrical approximations used in the plots above, where only disks and barrels are used for all components.
3.5 Summary of Barrel Services
The material budget of the barrel SCT and its services has been computed up to the end of the cryostat wall region, where PPF1 is located. Great care has been put in to include all known components, including those materials added or modified during installation. Multiple checks have been put in place to double check the correctness of the numbers at each step of the chain.   
A comparison with the top-down measurement of the barrel SCT has been carried out: although the agreement is rather good (~2 kg), the uncertainty on the measurement makes the accuracy of the comparison rather poor (~ 20 kg).

The total mass of the On-Barrel services is estimated to be 78.44 kg and of the Off-Barrel services 391.69 kg. An overall uncertainty is difficult to quantify, but, to the best or our knowledge, it is estimated to be less than 5 kg for the On-Barrel services. 
4. Geant4 Modelling

4.1 Materials

To describe the various volumes, the mass fractions of the different constituents must be supplied. G4 checks that the fractions add to unity and that the names of the constituents are known. 
For cross-checking, we used an Excel spreadsheet to calculate the radiation lengths of various chemical compounds and mixtures:

http://hepwww.rl.ac.uk/Atlas-SCT/engineering/material_budget/material/Materials.xls
The Barrel and End-cap services inside and outside the tracking volumes are implemented in the CSC-03-00-00 detector geometry description. The barrel FSI contribution has been added later and will be included in  CSC-0X-00-00 geometry version.

4.2 Radiation Length Plots
Plots produced by Pat can be found at:
http://www.hep.phy.cam.ac.uk/~cpw1/atlas/atlas.html
5. Conclusions

We believe we have determined the mass to a few percent and that the corresponding Model is faithfully captured in the G4 geometry Description.
We have tried hard to provide good estimates of the SCT mass, however this will all be in vain unless there are comparable or more precise estimates for the Pixel Detector. Then it is important that the continuation of the SCT Services beyond PPB1 and PPF1 are described.  

We would like to have documented all of our work much more thoroughly, but alas, other pressures have meant there has not been enough time. We have done the best we can in the short time available, taking the attitude that something short and sweet is better than some which is perfectly planned but never actually delivered.

� For a small surface normal to the line from the IP, the flux of particles, coming from a distribution which is flat in , depends only on transverse radius and not on z position.
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