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Paul Philp, DOE Project Manager, Run IIb D-Zero Detector Project

From:
Vivian O’Dell, Project Manager, Run IIb D-Zero Detector Project 

Subject:
Run IIb D-Zero Detector Project Report for December 2005

Attached is the monthly report summarizing the December 2005 activities and progress for the Fermilab RunIIb D-Zero Detector Project.  
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December 2005
I. Project Description

The Tevatron Collider at Fermilab offers a unique capability to elucidate many of the major issues currently facing particle physics. Its high center-of-mass energy and recently upgraded luminosity offer us the capability of shedding light on the Higgs mechanism - which has the potential of offering insight into the origin of mass - and pushing the boundaries of searches for supersymmetry and other new phenomena beyond the Standard Model.  It also makes accessible improved precision measurements of the W boson and top quark properties that, by further constraining the Standard Model, provide increasingly stringent tests of its precepts.  The Tevatron offers the most cogent experimental probes of Standard Model physics, and beyond, during the coming years.

The Run IIb D-Zero Detector Project has been designed to allow the D-Zero Experiment to continue operating in the high intensity Tevatron environment for the remainder of the decade. The integrated exposure of the D-Zero Detector to colliding beam will result in radiation damage to the silicon detector that will compromise its efficiency. Adequate b-tagging is an essential ingredient of the Run II physics program. In order to maintain adequate b-tagging, D-Zero is adding an inner layer detector of radiation-hard silicon to enhance tracking efficiency as the Run IIa detector ages. In addition, the trigger system must be upgraded in order to provide sufficient rejection and to limit the dead time at the higher instantaneous rates that will be delivered by the Tevatron as the run progresses. The Run IIb D-Zero Detector Project provides for the additional D-Zero Layer 0 silicon detector and the upgrade of the D-Zero trigger, DAQ, and online systems in order to enable the continued efficient running of the experiment, and the acquisition of forefront physics data, for the foreseeable lifetime of the Tevatron collider program.

II. Overview of Project Status 

Two sub-projects of the trigger upgrade were completed in December. The trigger simulation is complete and the simulation package now faithfully recreates the trigger decisions and is in regular use by the collaboration to help define the V15 (Run IIb) trigger list. The STT hardware is complete and is waiting for the shutdown to install. Work on STT downloading and monitoring software continued during December and is now complete, except for operational tweaks that will be needed once the hardware is installed. The remaining three subsystems, the L1 Calorimeter, L1 Cal-Track Match and L1CTT triggers are in advanced stages of full system testing and in-situ parallel operation. The L1 Calorimeter trigger Test Area received ORC in mid-December. The full complement of cards for the trigger will be installed and cabled up in January. The L1 Cal-Track Match trigger continues to be tested, and interoperability tests between the L1Cal and L1CalTrack continued. A subset of the L1 CTT trigger upgrade firmware was tested in the old system and some “ghost-busting” algorithms are being studied. Work continues on studying the trigger output and comparing it to simulation.   
The final mechanical measurements for the L0 began in December after software and hardware stops were implemented to ensure that the L0 detector could not be damaged during measurements. Additional noise filters on the bias lines were found to lower coherent pickup noise, and they are now under design. Cosmic ray testing continues, and the MIP peaks are within expectations (about 30 ADC counts). The runIIb beryllium beam pipe and extensions remain at PAB awaiting personnel for final bake-out and leak check.
Work continued in December in debugging problems with the robot tester for the TripT chips. Some progress was made and some chips were selected to be tested in the robot and on prototype boards to check the integrity of the tests. Five AFEII-t prototype boards were tested in the Combined Test Stand and one was operated on the platform. The L1 trigger latency was measured and fount to be smaller in the AFEII-t board than in the AFEI by about 30ns. Design files for the AFEII-t preproduction boards were completed and are waiting for a final review before being sent out.

III. Project Milestone Summary (as of 31 December 2005)
The DOE baseline milestones, defined in the modified DOE Project Execution Plan, are shown in Figure 1 as solid diamonds.  Open are the Project’s forecast dates for achieving the milestones.  Actual dates of achieving milestones are shown as solid stars.  The Trigger, Online, Layer 0 Silicon, and AFE milestones are shown separately and sorted by current forecast date.  

Table 1 lists approved DOE milestone dates along with the project’s current, and previous month’s, forecast for achieving them.  Milestones with forecast dates that have changed significantly in the last month are discussed in Section IX of this report. 
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Figure 1:  Run IIb D-Zero Detector Project DOE Level 2/Director’s Milestones.  Closed (open) diamonds represent baseline (current forecast) dates.  Closed stars represent completed milestones.

	L2/Director's Milestones vs Current Forecast

	(Sorted by L2/Director's Baseline Date)

	Milestone Description
	L2/Director's Baseline   (12/05)
	Last Month's Forecast (11/05)
	This Month's Forecast (12/05)
	L2/Director's Variance in work days
	Monthly Variance in work days
	Notes

	WBS 1.2 Trigger
	 
	 
	 
	 
	 
	 

	L1 Calorimeter Trigger TAB/GAB Prototyping Complete
	05/03/04
	05/26/04
	05/26/04
	18 
	0 
	Complete

	Start Production TAB Fabrication
	02/25/05
	10/08/04
	10/08/04
	(90)
	0 
	Complete

	L2 Silicon Track Trigger Production and Testing Complete
	10/17/05
	12/20/05
	12/30/05
	48 
	4 
	Complete

	L1 Trigger Cal-Trk Match Production and Testing Completed
	01/03/06
	01/19/06
	01/19/06
	12 
	0 
	 

	L1 Calorimeter Trigger Production And Testing Complete
	01/05/06
	04/29/05
	04/29/05
	(167)
	0 
	Complete

	L2 Beta Trigger Production And Testing Complete
	01/05/06
	08/16/05
	08/16/05
	(92)
	0 
	Complete

	L2 Trigger Upgrade Production and Testing Complete
	01/05/06
	12/20/05
	12/30/05
	(2)
	4 
	Complete

	L1 Central Track Trigger Production And Testing Complete
	01/10/06
	12/14/05
	01/30/06
	13 
	25 
	 

	L1 Trigger Upgrade Production and Testing Complete
	04/10/06
	01/19/06
	01/30/06
	(49)
	7 
	 

	WBS 1.3 Online/DAQ
	 
	 
	 
	 
	 
	 

	Online System Production and Testing Complete
	10/07/05
	05/23/05
	05/23/05
	(96)
	0 
	Complete

	WBS 1.6 Layer 0 Silicon Detector
	 
	 
	 
	 
	 
	 

	Freeze Mechanical Parameters
	01/06/04
	12/15/03
	12/15/03
	(9)
	0 
	Complete

	Release Sensors for Production
	05/26/04
	02/26/04
	02/26/04
	(63)
	0 
	Complete

	Release Hybrids for Production
	06/04/04
	03/25/04
	03/25/04
	(50)
	0 
	Complete

	Release Analog Cables for Production
	06/04/04
	03/19/04
	03/19/04
	(54)
	0 
	Complete

	All Analog Cables Delivered and Tested
	03/11/05
	08/10/04
	08/10/04
	(141)
	0 
	Complete

	All Sensors Delivered and Tested
	05/23/05
	09/28/04
	09/28/04
	(159)
	0 
	Complete

	All L0 Hybrids Delivered, Stuffed, and Tested
	08/25/05
	01/25/05
	01/25/05
	(150)
	0 
	Complete

	All Adapter Cards Delivered and Tested
	10/17/05
	05/20/05
	05/20/05
	(98)
	0 
	Complete

	Silicon L0 Module Production Complete
	11/29/05
	04/22/05
	04/22/05
	(151)
	0 
	Complete

	Layer 0 Silicon Detector Ready to Move to DAB
	05/25/06
	03/01/06
	03/08/06
	(55)
	5 
	 

	WBS 1.7 AFEIIt
	 
	 
	 
	 
	 
	 

	AFEII Boards Complete
	09/29/06
	10/16/06
	06/26/06
	(66)
	(76)
	 

	
	
	
	
	
	status date:
	12/31/2005


Table 1:  Run IIb D-Zero Detector Project DOE Level 2/Director’s Milestones vs. Current Month forecast.  Monthly variances are also provided.

IV. Management Highlights – V. O’Dell

Management is currently working on a couple of administration issues. The first is to develop the procedure for closing out subprojects as they complete. The first such subproject will be the online systems which is now completed and costed. The second is to estimate the total amount needed to finish up the project with the new accelerator shutdown date of March 1. 
V. Procurement Highlights – V. O’Dell

All of the large procurements are now over for the IIb project except for the AFEII-t part of the project. The production parts for the boards have now all been ordered, and the next large order is for the production boards and stuffing, currently scheduled for the end of June. The second cycle of TripT production has been deemed not necessary and this large procurement will not be made.
VI. Trigger Highlights (WBS 1.2) – B. P. Padley, D. Wood

Two additional sub-projects were completed in December:  the Trigger Simulation, and the Level 2 STT Upgrade.  The trigger simulation now faithfully represents all upgrade components, and this essential tool is being used by the collaboration to study trigger efficiencies and strategies for the post-installation period.  The installation of the STT must wait for the shutdown of the Tevatron.

The three Level 1 upgrades -- L1 Calorimeter, L1 Caltrack Match, and L1 Central Track Trigger -- are all in advanced stages of system testing and in-situ parallel operation.

1. Level 1 Calorimeter Trigger (WBS 1.2.1) – M. Abolins, H. Evans
Load testing of the TAB/GAB crate Wiener power supply was attempted.  Problems with the supply were found and it was sent back to Wiener for repair.  Turnaround time was less than a week and the repaired supply returned during the first week of December.

Testing of the repaired supply was successful and Operational Readiness Clearance (ORC) was given for the full Test Area system by mid-December.  This permits the system to be powered on while unattended, which will facilitate long-term testing.  Cabling of the full system will happen in early January.

Ongoing studies of the EM algorithm indicated that isolated pathologies due to specific charge distributions can be cured by a complicated "masking" scheme in the firmware.  These fixes, however, have very little impact on the overall performance of the algorithm.  So we have decided to use a far simpler algorithm, without the masks as the default for normal running.  The full masking scheme, using the upper/right TT as the "anchor" for EM objects, is retained in the firmware though, and can be reactivated by simply setting a switch in the code.
2. Level 1 Calorimeter/Track Matching (WBS 1.2.2) – K. Johns

L1Cal to L1CalTrack cards were tested using eye patterns.  Readout tests of L1CalTrack were performed.  Simulation work on electron and tau triggers continued.
3. Level 1 Central Track Trigger (WBS 1.2.3) – D. Lincoln, M. Narain
During December, substantial progress has been made utilizing the parallel test system, in conjunction with the system that will soon be replaced.

We have installed mixed singlet/doublet firmware on the old system and this has revealed an algorithmic flaw associated with singlet equations.  This is the so-called 2D ghosting, whereby a set of hit fibers sometimes is evaluated as two distinct tracks, with similar Pt or phi.  The algorithm has been changed to veto these ghost tracks within a Pt bin.  For the four distinct Pt bins (lo, med, hi, max), there still exists the possibility of ghosts that span the Pt bin boundaries.  This problem cannot be solved in the old DFEA system, but work is ongoing to understand how these between-Pt-bin ghosts may be rejected in the DFEA2 system.

A document was produced in December that detailed the plan of action for DFEA2 installation and commissioning, with special attention paid to the question of firmware needed prior to the March shutdown.  This document was vetted by trigger and hardware specialists, as well as the commissioning team.  The document is now in the hands of the engineers for implementation.

Additional progress has been made to qualify the DFEA2 system.  We can now read the input buffers from data events, translate them into a trigger emulator format, run these events through the software emulator and compare the simulation and hardware output.

Purely singlet firmware has been built and placed on the parallel test stand and this is beginning to clarify the expected operational functionality for the post-shutdown era.
4. Silicon Track Trigger (WBS 1.2.5) – U. Heintz
Work progressed at Fermilab on the downloading and monitoring software for the upgraded STT system.  These are largely extensions to existing tools for the current STT.
The STT subproject is now complete and will not be included in future monthly reports.
5. Trigger Simulation (WBS 1.2.6) – E. Barberis, M. Hildreth
Work has considerably progressed on the IIb incarnation of the L2STT simulator.  The L2STT simulator takes L1CTT information to define roads, and the SMT (with Layer 0) information to form clusters.  The Layer 0 information is now input to the L2STT simulator.  More work is ongoing, in the short term, to form the clusters (using the same clustering algorithm used in the IIa version of the simulator).  Modifications are now in the code to allow for extrapolation of the roads to Layer 0.  Look-up-tables for converting hardware addresses into physical addresses and for extracting track parameters for given L1CTT and SMT (including Layer 0) cluster positions are undergoing integration tests.  All modified code has been released and the authors of the code, Junjie Zhu and Ashish Kumar, are planning extensive testing, starting with Monte Carlo files of single particles through a detector simulation which includes Layer 0.

The Simulation subproject is now complete and will not be included in future monthly reports.
VII. Silicon Detector Layer 0 Highlights (WBS 1.6) – A. Bean, R. Lipton
Final mechanical measurements for L0 began in December.  Clearance measurements and filter testing was completed.  The initial (camera vertical) phase of the final mechanical survey was completed. A four ladder cosmic ray stand was commissioned and cosmic ray data was taken to measure charge sharing distributions and position resolution.  The installation schedule was reviewed and plans were made for the final set of practice runs in Lab 3.  All associated tooling and fixturing is complete.

1. Readout (WBS 1.6.2) – K. Hanagaki
Additional testing was performed to understand the source of coherent pickup noise.  We found the possibility of reducing noise by putting another filter in the bias lines, and started the design of the filter.

Analysis of the cosmic ray testing is on going.  The signal amplitude to a MIP is confirmed to be consistent with the expectation, about 30 ADC counts for a particular bandwidth setting of SVX4.

As a part of testing of the download GUI, some special calibration runs were taken with the GUI under development and the GUI which is currently used.  These runs will allow us to compare the pedestals between the runs to ensure the new GUI downloads a proper set of download parameters.  The data analysis is in progress.

2. Mechanical Design and Fabrication (WBS 1.6.3) – W. Cooper
Coordinate measuring machine (CMM) measurements of each of six Layer 0 facets were completed with the facet under measurement facing upward on the CMM.  Software and hardware stops to ensure that L0 could not be damaged during the measurements were successfully implemented.  Measurements with facets facing eastward and westward will follow.  They will complete the final set of CMM measurements and allow sensor locations and gravitational deflections of the completed structure to be determined.

The new beryllium beam pipe and its extensions remained at PAB for a final bake-out and leak check.  The work awaited availability of personnel.

The design of beam pipe supports to replace those presently provided from the outer H-disks was begun.  Drawings in the XDCS file system would aid in accomplishing that work.  The investigation of alternative approaches to obtain information from the drawings was begun.

3. Detector Modules and Final Detector Integration (WBS 1.6.4, 1.6.5) – L. Bagby
High Voltage SHV terminated RG58 cables have been ordered for the two new High Voltage crates that will be installed during the March shutdown.

A filter has been designed and SPICE modeled to eliminate High Voltage trips that have intermittently occurred at the test stand.  Placement of the filter on the Adapter Card is under investigation.
VIII. Analog Front End Highlights (WBS 1.7) – A. Bross, P. Rubinov
1. TripT (WBS 1.7.4) – L. Bellantoni
December was spent on commissioning of the automated test.  We identified 2 hardware problems on the adaptor board, and one with the mechanical seating of the chips in the test socket.  At month's end we were able to get a single chip to repeatedly pass on the robot tester, but without removing the chip and reseating it.  Data taken on 20 chips with manual insertion into the socket however was much less reliable.

A set of 7 chips were selected for testing on an AFE board.  One may (or may not) have had excessive current draw - a short on the chip's outputs can appear as excessive current draw in the chip without the chip actually being bad.
2. AFEII-t board (WBS 1.7.5) – P. Rubinov
During December, the AFEII-t prototype boards continue to make progress towards operation in the detector.  Five boards in total have been operated at the Combined Test Stand in conjunction with AFE I.  One board was operated on the platform, and some new issues have been uncovered.  Prototype boards have also been checked for external charge injection in phase V.  This test was successful and validates the compatibility of the board with AFEI, including the mapping of the ch (modulo 8).  We also checked L1 trigger latency (about which there was some concern with this design) and we found the AFEII-t to be faster than AFEI by about 30ns.  There had been some concern from the reviewers of this project that the design of the AFEII-t would make it have a higher latency than AFEI.  We have now proven that is not the case.  We have also made progress on the AFEII-t preproduction boards, and the design files were completed and ready to be sent out for manufacture pending a final review.

3. Code Development (WBS 1.7.6) 

No progress to report.
IX. Schedule Variance Analysis (as of 31 December 2005)
Schedule variances are reported against director’s milestones in Section III.  Sixteen milestones have been successfully achieved.
1. D-Zero Run IIb Trigger Upgrade (WBS 1.2)
The L1CTT upgrade slipped 25 days in the last month, causing a slip of 7 days in the complete L1 Trigger upgrade. 
2. D-Zero Run IIb Online (WBS 1.3)
There is no unfavorable schedule variance for this subproject and its milestone has been met.
3. D-Zero Run IIb Layer 0 Upgrade (WBS 1.6)
There is no unfavorable schedule variance for this subproject. 
4. D-Zero Run IIb AFEII Upgrade (WBS 1.7)
The AFEII gained 76 days in the last month as we removed the additional TripT fabrication cycle from the project, given the preliminary results of the robot and hand testing of the TripT chips. The yield looks to be about 72% which gives us plenty of chips to stuff the 200 boards we need. We calculate this yield number after testing about 100 chips in the robot tester.
X. Department of Energy Milestones (as of 31 December 2005)
One DOE milestone was predicted and achieved during the month of December.  Table 2 (below) shows the status of all DOE Milestones.
	L1 DOE Milestones vs Current Forecast

	(Sorted by L1 Baseline Date)

	Milestone Description
	L1/L2 Milestone   (12/05)
	Last Month's Forecast (11/05)
	This Month's Forecast (12/05)
	L2/Director's Variance   (work days)
	Monthly Variance   (work days)
	Notes

	WBS 1.2 Trigger
	 
	 
	 
	 
	 
	 

	L2 Trigger Upgrade Production and Testing Complete
	01/05/06
	12/20/05
	12/30/05
	(2)
	4
	Complete 

	L1 Trigger Upgrade Production and Testing Complete
	04/10/06
	01/19/05
	01/30/05
	(49)
	7
	 

	WBS 1.3 Online/DAQ
	 
	 
	 
	 
	 
	 

	Online System Production and Testing Complete
	10/07/05
	05/23/05
	05/23/05
	(96)
	0
	Complete 

	WBS 1.6 Layer 0 Silicon Detector
	 
	 
	 
	 
	 
	 

	Layer 0 Silicon Detector Ready to Move to DAB
	05/25/06
	03/01/06
	03/08/06
	(55)
	5
	 

	WBS 1.7 AFEIIt
	
	
	
	
	
	

	AFEII Boards Complete
	09/29/06
	10/16/06
	06/26/06
	(66)
	(76)
	

	
	
	
	
	
	status date:
	12/31/2005


Table 2:  Run IIb D-Zero Detector Project DOE Level 1 Milestones vs. Current Month and Previous Month’s forecast.  Entries are sorted by DOE L1 Milestone date.  Monthly variances are also provided.

XI. Cost Performance Report (as of 31 December 2005)
This report is generated from COBRA and provides a summary of the WBS 1.2-1.4 costs of the Project down to Level 3 of the Work Breakdown Structure.  Silicon detector subproject closeout costs are not tracked here.  Input data originates with the status (% Complete) of the Project schedules as reported by the Level 2 managers and actual costs extracted from the Fermilab accounting system.  Where possible, costs are accrued for items that have been delivered, but not yet invoiced. Financial summaries are shown for this reporting period (columns 2-6) as well as the project to date (columns 7-11).  Column 12 contains our baseline BAC, and will only be changed after the formal implementation of the Change Control process.  Column 13 is the projected BAC, based on the current month’s schedule.  
Some salient features can be seen in the CPR. Firstly there is a large cost overrun in the L1 Calorimeter Trigger.  We believe that roughly $60k of this comes from double counting MSU effort, but are waiting for accounting to sort this out. The other $300k of overrun is a real cost overrun and comes mainly from FNAL labor costs for integration and testing of the L1 Cal Trigger. We are looking into these costs by month in order to estimate the total cost needed for the L1 Cal Trigger project. The online project is now complete and all the costs are in. We are working on the closeout report for this part of the project. The project administration costs have not yet been charged for FY06, but will be. There are overruns in the Layer 0 costs due to additional labor being used for final detector assembly and checkout, and these overruns will continue until the accelerator shutdown. The AFEII-t subproject shows a large underrun for the TripT part of the project. This is due to canceling the 2nd TripT production cycle, which wound up as part of the earned value although not part of the actual costs due to some technical issues of the interface between MPP and COBRA. This will be fixed in next month’s CPR. 
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XII. Obligation Reports (as of 31 December 2005)
The DZero Obligation Reports can be found below. The first report shows total obligations without the cost of the original Run IIb Silicon and related closeout costs. The second report shows all obligations.
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