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1. Introduction

The progress report on the ATLAS project that will be presented at the RRB meeting on 22nd

October 2001 will cover recent progress and concerns since the Spring RRB (ATLAS RRB – D
2000 – 108). Reference is made to the technical progress with respect to the ATLAS schedules
and milestones that have been aligned with the new overall LHC project schedule. The report is
based on the detailed presentations made at the LHCC ATLAS Comprehensive Review that took
place in July 2001. This review covered the construction status of all detector systems, computing
and physics, technical co-ordination and management aspects, as well as the plans for the initial
detector configuration.

An important element of the RRB report will be the planning for the initial staged detector
configuration, which is constrained by technical and resources considerations. The initial detector is
nevertheless able to address all the physics potential of the first physics run at moderate
luminosity. The initial staged detector, the physics impact of the staging configuration, as well as of
alternative and more restrictive staging scenarios, is documented in a separate note (ATLAS RRB
– D 2001 – 118). The great physics potential of ATLAS and LHC has been reassessed and
updated enthusiastically by a very large community in the 3rd ATLAS Physics Workshop at Lund,
Sweden, that took place from 12th to 16th September 2001.

For completeness, also included in this report are the budget commitments and payment profile
plots, as they will be discussed at the forthcoming RRB.   

Since the last RRB considerable progress can be reported once more for all components and
detector systems. In many cases series module construction is now well under way, significant
construction milestones have been passed, and for the first time completion of sub-module
fabrication has even been reached at some sites in one case. Additional (sub-) systems have
started with their construction phase. One may note once more that moving from final R&D to
fabrication is turning out to be a difficult transition, including in particular the transfers to industry
and radiation hard electronics.

Globally speaking, and for most components, the project is advancing well as expected, or close to
it. Delays with respect to the initial planning are also existing and have to be dealt with, as later
discussed in the report and displayed in an integrated way by the fraction of LHCC milestones
passed as compared to the planning in Figure 1. Visible in this figure is the baseline change of
milestones at the beginning of 2000 that kept critically delayed components flagged as such in
order to display the true construction status. As mentioned above, a second baseline change of the
milestones reflecting the new LHC project schedule is now being implemented and discussed with
the LHCC, and will become visible in this graph from 2002 onwards.

The new LHC project schedule requires the initial detector to be installed by the end of December
2005 including the vacuum beam pipe and the shielding, ready for commissioning of the LHC
machine during the first quarter of 2006 with beams. The availability of the experiment cavern for
starting the installation of the infrastructure and the detector is now projected for March 2003, some
9 months later than initially planned. The installation is therefore highly constrained.

The current working installation schedule is summarized in Figure 2 that defines the required dates
of availability for each detector component. As mentioned in previous reports, ATLAS aims at
achieving in the construction a 4 month float (contingency) in each case. The construction planning
for most components can respect this requirement; the critical path items will be mentioned in the
report.

The new Technical Coordination organization introduced at the last RRB has now been in place
and operational for half a year, and clear benefits in terms of detector integration progress are
visible. Significant contributions from the collaborating Institutions and from CERN can be
acknowledged for strengthening this area that will demand further increased efforts when
approaching the future installation phase.

2.  Construction Status of the Large Components of the Common Projects
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2.1 Magnet System

The Solenoid construction and initial acceptance tests have been completed. As reported in spring
already, the finished coil has undergone a full functional test in the firm under the responsibility of
KEK. The operational current was exceeded by 10%, and the coil was formally accepted. The
solenoid has arrived on 3rd September 2001 at CERN, together with its tested services chimney,
and is ready for the final integration with the LAr cryostat in 2003.

The completed Barrel Toroid B0 prototype coil has been successfully cooled down and operated at
the nominal current of 20.5 kA during July 2001. This operation also led to the final commissioning
of the large magnet test facility. Further B0 tests are foreseen for the coming months. But one can
already conclude that the B0 project (CEA/INFN/CERN) was found to be very beneficial for
‘learning on the job’ all steps of the engineering and fabrication for the final coils, and that it played
a fundamental role for the ATLAS magnet project. The Collaboration gratefully acknowledges the
Magnet Laboratories and Funding Agencies that have contributed to the B0 R&D project.

Conductor fabrication for the Barrel Toroid (BT) has proceeded, about 75% has been produced so
far. Coil winding is in full swing, the first 8 out of 16 double-pancake coils have been wound and 5
impregnated. The BT coil-casing is now under construction, and the first two half casings have
been successfully welded. The vacuum vessels are in smooth construction, and a first delivery to
CERN is planned for end September 2001. The fabrication of other components, such as the tie-
rods, proceeds as well. The BT coil integration stage-1 (coils into casings) is being prepared in the
firm, and the first integration will be made before the end of this year. The second integration step
(assembly into cryostats) will be executed at CERN in the West Hall by a contract with Dubna. The
warm structure design has been iterated for cost optimisation and the fabrication is ready to be
launched.

The previously discussed redesign of the BT coil casings affected the overall schedule critically by
almost two years with respect to the initial TDR planning. Even though the technical problems are
now solved, the BT remains on the critical path for ATLAS, as it is, after the support feet, the
second component in the detector installation sequence. It just matches the new installation dates
albeit with no float for the last coil.

About half of the conductor for the End-Cap Toroid (ECT) has been produced. A dummy coil has
been wound, but the cold mass fabrication has accumulated serious delays because of a company
take-over. This matter receives currently highest attention from the magnet project and the ATLAS
management. The vacuum vessel construction is progressing very well and on schedule, the first of
the two vessels is expected to arrive at CERN end of September 2001. The integration and
completion of the ECTs at CERN is suffering from the delays in the cold mass fabrication, and has
to be critically assessed in the near future when more information, including on a fall-back solution,
is available.

The design of the Common Magnet Services has progressed well. The Test Station in CERN Hall
180 is operational and has been fully commissioned with the B0 test coil.

2.2 LAr Cryostats and Cryogenics Plant

The industrial fabrication of the Barrel Cryostat is finished and the cold test was passed at the
company. The cryostat was delivered to CERN in July 2001. Vacuum tests at CERN after the
transport have revealed a small leak in one of the warm cover plates that will be repaired.  The rest
of the cryostat has been accepted for the integration work that has started.

The End-Cap Cryostats are now progressing well after some initial technical problems reported at
previous RRBs. The cold vessel pressure tests have been passed for the first end-cap, and
fabrication of the second cryostat is well advanced. The expected deliveries to CERN match the
required deadlines, with minimal reserve though. The first End-Cap Cryostat will arrive at CERN in
September 2001.

The signal and HV feed-throughs (FT) are in fabrication, 49 out of the total 128 signal FTs have
been assembled and regular shipments to CERN have begun. Further good progress has been
achieved for the cryogenics plant.

2.3 Infrastructure and Support Structures
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The design of the shielding, the support structures, and other infrastructure components has been
vigorously pursued, with the schedule driven by the goal to get specifications in time to solicit further
in-kind contributions. This effort has led to significant design changes and simplifications. The aim is
to arrive at final specifications by the end of the year. A particular emphasis was given to the support
feet and rail structure, including the movable parts (‘trucks’) for the calorimeters and ECTs. The feet
and rails are on the critical path for the detector installation as they are the first ATLAS detector
elements to be installed.

3. Construction Status of the Detector Systems

3.1 Inner Detector (ID)

For the Pixel detector sub-system large pre-series of sensors have been delivered in spring from
two producers and have undergone successful tests. Full production will resume in January 2002
following the qualifications for the new FE electronics chips. The developments of the hybridisation
and of the local support systems have passed a Production Readiness Review (PRR) in July 2001.
Much recent work concentrated on final prototyping, design of the global support structures, and
system integration tests.

The most critical component for this sub-system is the front-end (FE) electronics. Its migration to
rad-hard technology has not been successful in DMILL technology and efforts have been
aggressively pursued with a design in deep sub-micron technology. After very encouraging results
with test chips, including radiation tests, the first complete Pixel FE chip will be submitted in
October 2001. Given this one-year delay in the FE electronics, the detector lay-out has been
changed to a fully independent and insertable sub-system, mechanically decoupled from the rest of
the Inner Detector, which enables a late installation. The new design has progressed well and a
new project plan is ready. The new concept will also facilitate future upgrades and replacements.

The progress for the Silicon Tracker sub-system (SCT) has continued to be satisfactory. The silicon
detector production is running smoothly and about 20% have already been delivered and accepted.
The rad-hard DMILL versions of the FE electronics has been demonstrated to work and a pre-
series of 40 wafers led to a successful PRR. Special attention is still needed for increasing the
yield. The module production has well advanced for the barrel with the Final Design Review (FDR)
passed end of May 2001 and procurements launched. Each of the four sites is now constructing
modules for the final ‘site qualification’. For the end-cap modules further optimisation is underway
for the hybrids because of excess noise observed in early system tests. The end-cap module PRR
is scheduled for April 2002.

A SCT barrel support structure PRR was passed and the cylinders are ready for production. The
end-cap support prototyping is under way including detailed cooling measurements. A FDR is in
preparation for the end of the year. Substantial progress can be reported for the design of the
optical links, power supplies and off-detector electronics. Growing system tests are made both for
the barrel and end-cap regions, equipped with prototype cooling and opto-harnesses, to optimise
the electrical grounding and shielding configurations. The SCT sub-system delivery is consistent
with the schedule, provided the system tests will confirm the expected results in time, in particular
for the end-caps where schedule risks are largest.

The raw straw production is finished, and the straw reinforcement for the Transition Radiation
Tracker sub-system (TRT) is progressing smoothly and as planned at the two sites (60%
completed). The barrel module fabrication is continuing steadily, with 10 out of the 96 modules
completed and 18 in various stages of assembly. The end-cap wheel construction has now started
at the two sites, each one having completed the first assembly stage of their first 4-plane modules.
A full 8-plane module-0 has been successfully tested. Both chips of the rad-hard FE electronics
(DMILL) have given very satisfactory results, and undergo currently a final optimisation cycle.

Based on schedule and resources considerations the end-cap wheel construction strategy has
been changed to give priority to the production of all type ‘A’ and ‘B’ wheels that are linked
mechanically to the end-cap SCT. As a consequence the outermost wheels of type ‘C’ will be
delayed/staged. The late construction start-up impacts on the current construction schedule: the
second side end-cap is anticipated to be late (not respecting the 4 month float).

Great attention and efforts are spent on the overall ID engineering. A very critical area remains the
services routing through the calorimeters and muon system. A large full-scale mock-up has been
constructed. The concept of the services routing has been significantly changed from the TDR
given the better knowledge acquired. It is now in its final design phase after the overall space
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budget (envelopes and services gaps between sub-systems) has been revised and finalized by a
task force led by Technical Coordination.

Another critical area is still the development of the evaporative cooling system for pixels and SCT,
in spite of the good progress achieved on system aspects. The work on a so-called ‘phase II’ set-up
with the capacity of about 1/6 of the final evaporative system is progressing, aiming at a FDR in
February 2002. The integration and commissioning work for the entire ID will take place at CERN in
2003 to 2005 in a new large clean room near the experimental pit. It will require a large amount of
new infrastructure and substantial human resources being planned now by the ID Institutes. The
building is scheduled to be handed over end of July 2002.

3.2 LAr Calorimeter

The LAr calorimetry (pre-samplers, EM, hadronic end-caps, and forward calorimeters) is now well
in the production phase. Previously reported technical difficulties with industries delayed the start-
up of all sub-systems more or less strongly. However in all cases these technical problems have
now been overcome, albeit with still some serious schedule concerns.

The absorber fabrication for the LAr EM calorimeter is progressing steadily, with about 45% for the
end-caps and about 56% for the barrel made. There is still a backlog on the barrel absorber
precision bars because a change of the firm was necessary, but about 40% of the absorbers are
now complete. Fabrication of the read-out electrodes, for long on the critical path, is now
proceeding well. The full contractual rate has even been exceeded over the last half year, and
completion is expected for early 2002. A remaining issue is still the bending process for the barrel
read-out electrodes.

Additional problems affecting the stacking have been overcome. By now the first 6 of 32 series
barrel module are finished, and stacking is ongoing at the three sites. For the end-caps 3 out of 16
modules are made. Stacking and cold testing are on the critical path for completion. An evaluation
of the new schedules shows that the completion of the barrel and of the second end-cap (side ‘A’)
remains very tight (no float left).

Production of the barrel LAr pre-samplers is ongoing and the sub-system is expected to match the
required delivery dates. Two modules of the end-cap pre-sampler were tested successfully and
passed the PRR. A total of 14 out of 64 sectors total are made by now. An on-time completion is
expected.

The LAr hadronic end-cap series production is smoothly continuing. Currently more than 50% of
the modules have been completed and more than 40% cold tested. Critical issues remaining are
the capacity for machining Copper plates for front-modules (an additional plant has been added,
and redistribution of work is agreed) and the cold testing rate.

The LAr forward calorimeter is now also in full construction. About 50% of the side ‘C’ modules
have been stacked. A schedule risk remains for the W-rod delivery.

Large pre-series of various LAr electronics components were tested successfully already last year
in test beams with up to 5000 channels, and work proceeded further successfully in the transfer of
the designs to radiation hard components. Most chips in DMILL are now available and have been
successfully tested. Also chips in rad-hard DSM technology are becoming available. The off-
detector component development and fabrication is on schedule.

3.3 Tile Calorimeter

Series production is smoothly operational at all sub-module and all module assembly sites. About
85% of the sub-modules and all of the scintillator have been fabricated. The first sub-module sites
have completed their task. More than 55% of all the modules forming the barrel and the two
extended barrel cylinders have been finished and equipped with their optical components, and are
at CERN. Most of the electronics components are ready for fabrication, and procurements have
been initiated. About a third of the PMTs have been delivered and tested with good results. The
first 6 ‘super-drawers’ housing PMTs and all electronics have been produced and used in the final
beam calibrations of several series modules. The pre-assembly of the complete tile calorimeter
cylinders will start in April 2002, following well the expected schedule for in-time delivery.
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3.4 Muon Spectrometer Instrumentation

Since the last RRB the MDT precision chamber fabrication has started in 11 out of the 13
production sites. A total of 108 series chambers (out of 1160) are assembled. The first 10 module-
0s have been measured with the X-ray facility, and were found to fulfil well the required high
accuracy. Since early this year a new production planning has been adopted that conforms to the
required installation dates for the initial detector. Pre-series FE MDT electronics has been
successfully tested and debugged.

The construction for the CSC chambers was initiated with a pre-series after a successful PRR. Full
production has started with an accelerated rate due to industrial fabrication of the chamber panels,
thereby assuring in-time delivery for installation.

Both trigger chamber technologies are in series production. For the RPCs a pre-series of 24
chambers is complete. The full production start-up is substantially late (order 1 year) with respect to
initial planning, partially due to lengthy procurement steps. A new production schedule that requires
major efforts during 2001 – 2003 has been agreed upon which is still consistent with timely
completion of the project.

The TGCs have for some time been produced at the full construction rate at one site, and the
second site is now operational as well, ahead of schedule. More than 30% of the TGCs have been
produced so far at the first site and 14% at the second site. A third site will start production in
November 2001. The FE electronics board production for all TGCs is completed and tested (with a
failure rate of < 0.25%). Globally the TGCs are expected to meet the schedule.

Muon detector integration issues were given great attention, as they were late and have a potential
impact on the chamber production. They are also very closely linked to the overall detector
integration of ATLAS. A lot of common work is therefore continuing with Technical Coordination to
integrate all the ATLAS services and to work out access and installation scenarios. An example is
the design of the large movable end-cap support structures (‘big-wheels’) that has progressed well
with new fixed baseline dimensions.

A second-generation large system test facility (for end-caps and barrel) in the SPS H8 beam has
taken shape with the installation of the support structures ready to receive the first series chambers
for tests in 2002. Concerns remaining that have to be dealt with include space for
storage/testing/pre-assembly (progress achieved since the last RRB), and cost issues of common
muon system items.

3.5 Trigger and DAQ

Steady progress can be reported for the design and prototype work of the level -1 trigger
(calorimeter, muon, and central processor logic). Full-functionality prototypes of custom integrated
circuits and electronics modules are now being delivered. Large-scale system tests (‘slice-tests’) to
confirm the final design are planned to commence end of 2001. They will include the central trigger
and timing processors. They are on schedule for the calorimeter triggers and central processor,
and as already reported, somewhat delayed for the muon trigger, but without impact on the
required sub-system delivery.

Development of High-Level Trigger (HLT), Data Acquisition (DAQ), and Detector Control
(DCS) systems in the present period, between the HLT/DAQ/DCS Technical Proposal
and their Technical Design Report, focuses on refinement of subsystem designs and on
integration of subsystems into an optimized overall HLT/DAQ/DCS architecture.
Following the Phase 1 Integrated Prototype system assembled in early 2001, a more
extensive Phase 2 Integrated Prototype system is being developed. This prototype will
incorporate interfaces to subdetector and computing systems, as well as trigger, DAQ,
and DCS systems. Integration will be complete for the TDR at end 2002. The goal is to
demonstrate full functionality and performance scaling. This integration work includes both
hardware model implementations and common software. The plan is that the event filter will use
the offline software frame mentioned in the next section.

The basic building blocks of the DCS, which are a common SCADA supervision system
(used by all LHC experiments) and a general-purpose I/O system (used throughout
ATLAS), are now being used in developments by all detector systems. A full DCS chain,
from sensor to SCADA, has been demonstrated. Radiation qualification is nearing
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completion for the microprocessor-based embedded local monitoring board that is a key
element of the I/O system. The software interfacing the Online Software System to DCS
is progressing well, and was used with prototype DCS subsystems in detector beam
tests in 2001.

ATLAS has set into place a dedicated Detector Interface Group (DIG) to facilitate the interfacing of
the DAQ and the various detector system read-out electronics. The DIG has fostered successful
test beam implementations of prototypes systems for the Tile Calorimeter and the Muon System in
2001.

3.6 Computing

A broad and coherent computing and software activity continues and grows throughout the
Collaboration. A framework (‘Athena’) is being developed that is now beginning to be exercised by
a large user community both for detector and physics studies. Other core software efforts include
database work and graphics. C++ versions of reconstruction codes are being developed and
interfaced with Athena, as well as some existing Fortran codes. This suite will form the basis of
reconstruction used in the first set of Data Challenges. An in-depth internal review of the Athena
framework and associated services was completed in July 2001, and made several important
recommendations, emphasising in particular the importance of user feedback. Such feedback was
a significant component of the recent Physics Workshop mentioned in the introduction.

In the area of simulation a very active cooperation with the GEANT4 Collaboration is ongoing in
order to validate physics performance of the code: progressing well, but still by no means yet
completed. Further work concentrates also on very detailed representations of the ATLAS detector
in GEANT4. Note that GEANT3 needs to be maintained during this transition time in order to
answer urgent performance-impact questions and as a reference for the upcoming Data
Challenges. Nevertheless GEANT4 will also be tested in production during the Data Challenge in
the first part of 2002.

Sharing of computing responsibilities, and resources planning, are addressed by the ATLAS
National Computing Board which has agreed on the framework for ATLAS Software Agreements
that are expected to be incorporated into an overall Memorandum of Understanding for Computing
in due time. The first software agreement, covering framework and data dictionary, has just been
signed, and further agreements are well advanced.

The ATLAS computing management and experts have been closely involved in the follow-up to the
CERN Review of LHC Computing. ATLAS looks now forward to a timely establishment of the LHC
Computing Grid Project that it sees as fundamental to the testing and development of the ATLAS
software and world-wide computing model.

4. Initial Detector and Completion Costs

Since the last RRB the planning for the initial staged detector configuration has been consolidated.
The initial detector, which is constrained by technical and resources considerations, is nevertheless
able to address all the physics potential of the first physics run at moderate luminosity. The initial
staged detector, the physics impact of the staging configuration, as well as of alternative and more
restrictive staging scenarios, are documented in a separate note (ATLAS RRB – D 2001 – 118).

The supplementary resources needed for the initial staged detector are currently being reviewed by
the LHCC Cost Review Committee (CORE) and the magnet progress and costs by the LHCC
Magnet Advisory Group (MAG). Preliminary estimates have been given at the Spring RRB. The
needs have been updated during this review process which is not yet concluded, and amount to
about 52 MCHF for both CORE and non-CORE expenses which are not covered by in-kind
deliverables. The detailed break-down of the supplementary costs is given in the separate
document ATLAS RRB – D 2001 – 121 which also contains a proposal for sharing them. The
ATLAS Collaboration acknowledges very gratefully the enormous efforts already made by all
partners to cover overcosts on in-kind deliverables.

About 40 MCHF concern common items, which the Collaboration proposes to be shared among all
partners based on the initial investments, whereas the rest are overcosts related directly to detector
sub-systems for which the proposal is to share them among the participants of the given
component. A definite proposal will be presented to the RRB for further discussions, together with a
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request that authorization be given by the RRB to go ahead with the most time critical components
in order not to delay construction progress on the ATLAS detector.

Concurrently the Maintenance and Operation (M&O) estimates presented at the spring RRB have
been refined and scrutinized by the RRB Scrutiny Group. This has resulted in consolidated
estimates for the pre-operation and the first operation years which will be submitted separately to
the RRB, the pre-operation years also showing explicitly the Commissioning and Integration (C&I)
part.

All these estimates and the funding profile for the full ATLAS detector as described in the Technical
Design Reports are shown in Figure 3. Computing costs for ATLAS and the CERN LHC Computing
Grid Project are under separate evaluation and not included in this graph.

5. Commitment and Payment Profile Plots

Based on the budget reports, which will be presented separately for this RRB meeting, Figure 4
displays the cumulative payment and commitments profiles, compared to the planning from the
Memorandum of Understanding.
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Figure 1



Figure 2

Task Name Start Finish
UX 15 Hand-over 15 Feb '03 15 Feb '03

PHASE 1: Infrastructure 17 Feb '03 12 Apr '04

UX available for ATLAS 10 Oct '03 10 Oct '03

PHASE 2: Barrel Toroid & Barrel Calorimeters 17 Nov '03 14 Oct '04

Phase 2a: Barrel Toroid 17 Nov '03 14 Oct '04

Phase 2b: Barrel Calorimeter 12 Dec '03 31 May '04

PHASE 3: Services & End-cap Calorimeter C 31 May '04 29 Oct '04

PHASE 4: Muon Barrel & End-cap Calorimeters 6 Aug '04 27 Jan '05

Phase 4a: End-cap Cal. C connections & Muon Barrel A6 Aug '04 27 Jan '05

Phase 4b: End-cap Cal. A assembly & Muon Barrel C 23 Sep '04 16 Dec '04

Phase 4c: Solenoid field mapping 15 Oct '04 31 Dec '04

PHASE 5: Small Wheels 28 Dec '04 5 Apr '05

PHASE 6: Inner Detector Barrel & Big Wheels 31 Dec '04 22 Apr '05

PHASE 7: ID and Toroid End-Caps & Beam Vacuum 15 Apr '05 28 Sep '05

Phase 7a: End-Cap Toroids & Inner Detector End-Caps15 Apr '05 1 Aug '05

Phase 7b: Beam Vacuum 27 Jul '05 28 Sep '05

Full Magnet Test 19 Sep '05 14 Oct '05

Global Commissioning 14 Oct '05 31 Dec '05

15/2 UX 15 Hand-over

301 days PHASE 1

10/10 UX available for ATLAS

239 days PHASE 2

239 days Phase 2a

121 days Phase 2b

110 days PHASE 3

124 days PHASE 4

124 days Phase 4a

60 days Phase 4b

54.13 days Phase 4c

70 days PHASE 5

80 days PHASE 6

118.88 days PHASE 7

76.88 days Phase 7a

45.88 days Phase 7b

20 days Full Magnet Test

55 days Global Commissioning
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    ATLAS Detector Construction – Evolution of Commitments
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         ATLAS Detector Construction – Evolution of Payments
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