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ABSTRACT
The baseline design of the new Small Wheel (nSW) addresses the high rate performance limitations of the present small wheels. MicroMegas (MM) and (small) Thin Gap Chambers (sTGC) are deployed over the entire rapidity range for the tracking and triggering technologies, respectively, in the new design. The US ATLAS Group (USAMG) proposes to contribute to the nSW project with a focus on several key tasks – such as the frontend electronics for both the MM and sTGC, the associated alignment for each of these chamber systems integrated together, constructions of 25% of the MM system and development on-chamber sTGC multiplexing boards. The proposed contributions of this LOI are firmly grounded in the broad experience of the USAMG who were responsible for all the tracking chambers, front-end electronics and alignment system of the present small wheels.  

INTRODUCTION
The ATLAS muon system, based on a toroidal magnet configuration, has excellent performance at high rapidity where the central solenoid can no longer provide momentum dispersion. Roughly 63% of the ATLAS muon system rapidity coverage is provided by the endcap and therefore high performance in that region is of absolute importance in reaching the physics goals of the upgraded LHC. 
The high rapidity region imposes heavy demands on the rate capability of the trigger and tracking chambers of the endcap as well as on the pT trigger discrimination. The design of the present endcap muon L1 trigger does not require a direct bending angle determination of the muon trajectory through the endcap toroid.  As a consequence, only 2% of the present L1MU20 trigger events are high quality pT>20 GeV muons. Hence, most of the endcap triggers are unrelated to muons of physics interest coming from the p-p interaction point. This is the major weakness of the present muon endcap design. 
The new Small Wheel (nSW) upgrade project1 addresses the major limitations of the present design. Particularly important are the following two issues concerning the present trigger and tracking performances of the muon endcap system:
1. With the higher luminosity of the LHC Phase I upgrade (L~5x1034 cm-2s-1) the present muon endcap Level 1 (L1) trigger rate will exceed the overall ATLAS trigger bandwidth allowance. Some reduction of the trigger rate may be gained by raising the pT threshold of the trigger but with an unacceptable loss of physics acceptance for many physics channels. A better strategy to control the L1 rate is to sharpen the pT threshold by improving the trigger pT resolution and reducing the background. 
2. The performance of the present small wheel tracking chambers, MDTs and CSCs, will be degraded in the high radiation background. Of particular concern are the muon EI MDT stations of the present small wheels which are already showing degradation at luminosities of only 1/10th of those of the proposed LHC upgrade. 
The nSW upgrade will address these two issues – the solutions of which are of essential importance to reaching the physics goals of the LHC high luminosity Phase I upgrade1. Through a long process of R&D and review, the ATLAS muon group proposes that micromegas (MM) and thin gap chambers (TGC) be deployed over the entire rapidity range of the nSW for the tracking and triggering chamber technologies, respectively. The general layout of the nSW is indicated in Fig. 1 below.

Fig. 1: Shown is the schematic layout of chamber in the nSW indicating the rough dimensions of the wheel and the segmentation in azimuth and in rapidity of the chambers. Alignment instrumentation has to be designed into the layout of the wheels. There are 16 sectors on each small wheel and each sector has 4 sTGC-MM superchambers covering the entire small wheel rapidity range. 
The parameters of the system are tabulated below.


Table 1 Parameters of nSW Chamber Layout
	Parameter
	sTGC
	MM

	Number of chambers
	128
	128

	Number of layers
	8
	8 (1024 gaps)

	Number of readout channels
	400k
	2M

	Number of trigger channels
	64k
	31k

	Number of fiber links
	800
	2000



OVERVIEW OF PROPOSED US EFFORT
Prior to the technology choice endorsement made on May 2, 2012 the US ATLAS Muon Upgrade program was focused on the development of the frontend ASIC (VMM1) to be used for both the MM tracking chambers and the sTGC and on the design of the global alignment system and its integration with the present endcap alignment components. 
Of note is the key role that BNL, University of Arizona and University of South Carolina have played in developing the MM technology. In addition to testing the performance of the MM technology, they are developing the frontend ASIC. For the corresponding global alignment system of the nSW, Brandeis University has continued its leadership in the alignment task by designing the new fixtures needed as well as integrating the new parts with the existent system. During the years of R&D leading up to the choice of the trigger and tracking technologies these two tasks were the only ones funded by the US upgrade R&D program.
In the past the USAMG played a leadership role in the design, construction, commissioning of the tracking chambers (MDTs and CSCs) deployed in the small and big wheels of the endcap system. Among the USAMG responsibilities were the design and fabrication of the MDT on-chamber electronics for the entire muon system, the fabrication of the MDTs for the SWs and BWs, the global alignment system for the endcaps and the entire CSC chamber system (chamber construction, electronics, commissioning and readout) that function in the high rapidity region of the present small wheel. Not surprisingly, now that the technology choices have been made, the USAMG interest has broadened with enthusiasm to contribute in significant ways to the nSW construction project.
As noted, the USAMG has a broad range of expertise and capabilities – from chamber construction, electronics design, fabrication and testing to global alignment but in these times of austerity we propose to concentrate on a few key tasks that are well integrated within the US as well as well integrated with the nSW project overall. 
Briefly the tasks are listed in the following table. 
Table 2: Summary of Proposed Tasks and US Institutes Involved
	Task
	US Institutes Involved
	Comments

	Develop the FE electronics ASIC (VMM1) and the frontend cards for MM and sTGC.
	BNL, University of Arizona, University of South Carolina
	Integrated into ATLAS nSW project and is a unique contribution.

	Design and develop global alignment for nSW and integrate components with the present system and will the chamber technologies. 
	Brandeis University
	Integrated into ATLAS nSW project  and is a unique contribution.

	Set up MM chamber factory at Boston University to fabricate and integrate 32 chambers that will be deployed in the highest rapidity regions of the nSW endcaps
	Boston University, Tufts University, Brandeis University, Harvard University, MIT
	There will be other MM factories in the world but details are not worked out. 

	Set up a MM chamber test station that will use sTGCs for triggering. Work in collaboration with the MM construction site to be located at BU. Test the performance of the integrated sTGC-MM super-chambers. 
	Harvard University, MIT, Boston University
	

	Design and construction of MM RODs including writing the associated FW/SW specific to the MM readout. 
	SLAC, University of Illinois, Harvard University, UC Irvine
	

	Design, prototype and mass-produce sTGC FE multiplex board that collects VMM1 output and sends to USA15.
	University of Michigan
	Demanding electronics which has to be fast in order to be within trigger latency. 

	Design implementation of the MM trigger electronics. 
	Harvard University
	Baseline LVL1 from sTGC. This is an enhancement.

	Simulations of the nSW performance and backgrounds, investigation of their source and nature and of the new trigger and tracking performance.
	Boston, Harvard, Illinois, Massachusetts, Michigan, Tufts 
	An urgent task needed for designing chambers and layout in order to achieve performance. 





DEVELOPMENT OF THE FRONT END ELECTRONICS FOR MMS AND TGCS
BNL, University of Arizona and University of South Carolina have been developing the frontend chip that will be used for both the micromegas deployed for tracking and the thin gap chambers that provide the trigger. The chip development is the result of a successful R&D program which at this writing has provided chips with all the essential capabilities. Continuing the chip development to the point of production is one of the main thrusts of this Letter of Intent. 
The function of the read-out electronics system of which the frontend chip developed at BNL is an integral part, is two-fold: 
1. In real time, provide a high resolution vector to be used in the formation of the muon Level 1 trigger. 
2. On the reception of a Level 1 accept provide hit information of strips (charge and time) for precision tracking in the offline reconstruction.
The ASIC chip being developed has 64 inputs and a number of functions. It discriminates and measures the amplitude and timing of events, including sub-threshold neighbors. With 200 pF input capacitance it provides charge resolution <5,000 electrons and sub-nanosecond timing resolution at 25 ns. The shaper, based on the concept of delayed dissipative feedback, gives an analog dynamic range in excess of 5000 at 200pF and 200ns. The discriminator, of new concept, can process sub-hysteresis amplitudes. The ASIC also provides sparse readout, trigger and address of the first event in real time, and direct timing outputs.
The MM and sTGC chamber systems of the nSW will provide the momentum measurement and the Level 1 trigger, respectively. Both chamber technologies are capable of the other’s primary function, i.e. sTGC can furnish the momentum measurement and MM can generate the trigger information. As the design of the nSW progresses these enhanced capabilities will be considered. 
The challenging detector requirements must be coupled with appropriate readout electronics which has to provide pulse amplitude, timing measurements and trigger information for more than 2 million channels. And the limited bandwidth of the readout link requires on-chip zero suppression. For reliable operation in the environment of ATLAS, radiation tolerance, SEU immunity is necessary. 
VMM1 is a first prototype ASIC designed for this upgrade but it integrates features that make it suitable for other applications. Fabricated in 130nm CMOS, it has 64 channels, each providing low noise charge amplification, shaping with baseline stabilization, peak sensing, discrimination, and a precision timing measurement. It also integrates a temperature sensor, a pulse generator, and mixed signal multiplexers. The location of the first strip hit is also available. A revision of the architecture (VMM2) will integrate counters, ADCs, and a FIFO. The main features have been presented2.
Fig. 2 shows a test board at BNL of one of the early prototypes of the ASIC. 
[image: C:\Documents and Settings\degeronimo.BNL\Desktop\IMG_0832.jpg]
Fig. 2 Shown is a test board of an early prototype ASIC at BNL April 2012. 

The University of Arizona proposes to develop and build front-card cards (MMFE) for production MM for the nSW.  The MMFE's will utilize the VMMn ASIC developed by BNL and the groups will naturally form a close collaboration.

Currently the Arizona group is developing a front-end card using the VMM1 (mini-MMFE) for the 2012 test beam campaign and has previously developed DAQ electronics for the CERN SRS (Scaleable Readout System).  The Arizona group has also contributed to numerous MM test beam runs and analyzed data collected with the LEGS-TPC ASIC, which was a forerunner for the VMM1 ASIC.

R&D will continue toward an MMFE card suitable for production size MM as well as specify any required ancillary electronics (such as a Collector Card) needed for the MMFE's.  Following a short R&D period it is proposed to design and build MMFE's to be used on MM for the nSW. Already the group has been evaluating different component-layouts for the MMFE's.

DEVELOPMENT OF NSW ALIGNMENT 
The precision chambers for the nSW will have to be integrated into the existing endcap alignment system since it is impossible to rebuild the entire global system.  In order to achieve this goal engineering studies will be required to ensure that existing optical paths which are necessary to link the NSW with the rest of the muon endcap are preserved.  In addition we will need to work with each of the chamber technologies to insure that the chambers can be aligned.  We will insure that the features which provide the precision of the measurement are transferred to outside of the chamber with “hooks” that can be related to the alignment system.  We will also have to design sensors that related these “hooks” to the existing alignment system.  As the alignment has to be extended to a smaller radius, we will have to develop new sensors that handle the higher radiation environment expected at the inner chambers in the NSW.
The Brandeis alignment group has to be involved with the chamber design and construction teams throughout the construction process.  With each chamber technology the precision layers should be related to some mechanical or optical fiducial.  The layers should be assembled so that the fiducials can be brought to the surface in such a way that the sensors can be referenced with the expected precision of the chambers.  This gives us a single 3D object to align.  We will work with the chamber builders to insure this happens.
Chambers will also have to have an in-plane measurement system to insure that we can track the chambers distortion from the time they are produced through the rest of their lifetime.  Since the TGC chambers are considered as a backup for the precision measurements of the MM chambers, they will have to be built and aligned to the same standards as the MM chambers.
Many electronic components (including CCDs) that were part of the original alignment system are no longer available. The Brandeis University Alignment Group will have to develop new circuits for our sensors.  In addition, a new class of rad-hard sensors will have to be developed.  Also they will have to develop a single-event upset resistant code.  All of this will have to be validated in ionizing and neutron radiation tests.
There is sufficient flexibility in the alignment system to accommodate the nSW but the ability to do this must be designed in from the beginning.  The alignment of chambers is integral to their design.  The alignment group will work with the chamber builders to insure that the end product can be aligned and we will work with the Technical Coordination Group to insure that alignment optical paths are maintained.  We will also maintain the alignment simulation programs to validate the final design of the system.
MM CHAMBER FACTORY 
The MM layout of the nSWs calls for a total of 128 chambers, 64 for each small wheel. The chambers are deployed in rings around the beam corresponding to rapidity intervals. See Fig. 1. It is proposed to construct the 32 inner ring chambers of the small wheel that comprises 25% of the MM chamber plant at a chamber factory to be located at Boston University. 
At this writing (May 2012) there remain a few critical milestones to be met on the construction of MMs. One of the critical milestones involves the demonstration that it is possible to fabricate a large MM with the required dimensional tolerances. Hence it is possible that small tubes, the alternative tracking technology, will be deployed in the larger radius ring but not in the smallest ring where the small tubes will not operate in that high radiation environment. Thus the MM in the inner-most ring will be constructed in any case.
Physicists at Boston University propose to utilize their existent infrastructure in the Physics Department, including a 550 square feet class 10,000 clean room where there will be a 10 x 5 ft2 low vibration optical table on which MM chamber construction will be done. The optics table will also be equipped with optical survey devices to do the necessary metrology needed to make a precise chamber. Additional BU resources include a state-of-the-art machine shop, an electronics shop with several engineers, a US ATLAS Tier 3 computer, glove boxes gas and vacuum systems and 2000 square feet of lab space for chamber integration and testing. 
These facilities have been used during the past several years to develop new dark matter and neutron detectors, but will be rededicated starting immediately to R&D and construction of the MM chambers for the nSW. Initial activities will include inspection and operation of small MM detectors obtained from CERN, determination of specifications of cleanliness and mechanical tolerances for chamber construction, and development of assembly procedures and fixtures. The principles of optimization of materials selection that were found to be so useful in the construction of the small wheel MDTs will be followed in the MM R&D and construction activities in Boston.
It is anticipated that other members of the Boston Muon Consortium (BMC: Boston, Brandeis, Harvard, MIT, Tufts) will participate in setting up the factory, chamber production and testing. The setup of the Boston facility will start in FY14 and the chamber production, integration and testing should be finished by FY17 in order to ship chambers to CERN for the nSW integration and installation. 
Physicists at Harvard University propose to use their existing infrastructure at 38 Oxford Street, Cambridge for construction of the nSW upgrade – perhaps to fabricate some of the chamber components needed for the factory at BU.  The Harvard facility was previously used to build the MDT small wheel chambers and consists of a clean room, overhead crane, truck access and a machine shop. The existing clean room, used for construction of the present small wheel MDT, has a large optical quality low vibration granite table of sufficient size for the nSW upgrade.   The machine shop has a numerically-controlled milling machine and lathe.   The facility also has a large cosmic ray test stand that was used to test MDT chambers as they were produced and a large area for chamber and material storage.
The baseline trigger-tracking chamber design requires the two technologies to be integrated into a precision mechanical unit. In order to develop this baseline integrated design, an integration test-stand is being planned by the Harvard group. The test stand will have combined capability of fully investigating a superchamber’s (sTGC–MM integrated unit) performance, consisting of front-end electronics, trigger electronics for both the sTGC, MM and read-out. 
The plan is to use the test-stand to address all questions of integration and be able to test the latest versions of all pieces, mechanical, gas, electronic etc. of the proposed solution. The Harvard group has a small R&D lab with a small clean room which can serve as the initial test area. The group proposes to use the existing cosmic ray test stand for MDT to test nSW chambers. The test stand can be used to test chamber efficiency, parameters of the read-out electronics and feasibility of the triggers. 
MM RODs
The MMs (and the sTGCs) will need a new ROD design. The generic high bandwidth DAQ R&D at SLAC with the Reconfigurable Cluster Element (RCE) concept on ATCA platform provides a natural solution for this application. In fact RODs of this type will be constructed to replace the present CSC RODs after LS1. By the time the MM RODs are needed it is anticipated that the RCE/ATCA design will be quite mature and that only the chamber-specific parts of the ROD input and output hardware, firmware and software need to be developed.  
The plan is for SLAC to provide the hardware and the ‘core’ FW/SW while Illinois, Harvard and UC Irvine would contribute to the specific code needed for the MM application. All three institutes have extensive experience in ROD coding.  
Fig. 3 shows the Cluster on Board concept for the CSC ROD replacement taken from the SLAC proposal3.
[image: ]

Fig. 3 Block diagram of the Cluster-On-Board (COB). Each Data Processing Module (DPM) contains two RCEs. The logical Data Transportation Module (DTM) block is actually implemented with the Fulcrum switch directly mounted on the COB motherboard, while the rest are on two mezzanine cards: one small TTC interface card hosting the TTCrx ASIC and connector on the front panel, while the other is just a regular DPM with a single RCE. The IPM Controller (IPMC) manages and monitors the board’s configuration.

DEVELOPMENT OF THE TGC MULTIPLEXER ELECTRONICS
The ATLAS Group at the University of Michigan proposes to focus on the sTGC front-end multiplexer design, prototype, testing and production. This multiplexer card will be needed for the upgraded L1 trigger – the primary reason for this upgrade. 
It is well known that the L1 muon trigger must have sharp momentum discrimination in order to have acceptable trigger rates in the high instantaneous luminosity expected after the Phase I upgrade. As noted in the upgrade endorsement document, the sTGC chamber technology will be the primary L1 trigger for the nSW. The trigger needs to be fully functional after the Phase I upgrade installation during the LS1. 
The Michigan group proposes to design a board which collects the VMMn ToTD signals, examines related hit patterns, and then it compacts, filters, and multiplexes them to optical fibers routed to off-chamber electronics in USA-15. The proposal is based on the design experience gained in the development of the current muon MDT FE electronics. The Michigan group successfully designed and built a similar multiplexer (Chamber Service Module) and developed a DAQ system for the ATLAS MDT detector. 
Coordination with the BNL designers of the front-end ASIC will be critical for this task. It is likely that the implementation of the multiplexer will be done in the same 130nm technology as the front-end ASIC. The advantage of this choice is obvious if one notes that a joint fabrication can be done on a single reticle with a common mask set saving hundreds of thousands of dollars. The Michigan group was responsible for 3 ASICs developed and used in CDF Run II. These 3 ASICs were produced on a common reticle. 
sTGC SEGMENT FINDER
The hits received in USA-15 from the trigger multiplexer will be assembled into track vectors and transmitted to the trigger sector logic. This process can be carried out in FPGAs and essentially involves combining the 4 TGC layers on each side of the MM in a 3 out 4 coincidence. These coincidences are to be implemented as table lookups since the combination of layers and locations vary across the detector. Once an anchor point is found for each 4 layer group, these anchor points provide a basis for a lookup of the track vector position and angle. The Michigan group along with the USTC and Taiwan communities had had experience in the development of algorithms for similar table lookup track segment finders. In CDF the CMP muon stub-finder was implemented with this technology and later matched with the central track trigger information extrapolated to the position of the stub. Collaboration with USTC (China) and Taiwan groups for this project is under discussion.  
MM TRIGGER
While the current nSW baseline calls for the sTGC’s as the primary trigger element, it is important that the MM technology acts as a back-up at present and is fully capable of providing a trigger within the presently envisaged latency budget of 1088 nsec at L1.   While the latency of readout of the MM to USA-15 is understood, a backend design of the MM trigger has yet to be explored and is a necessary precondition for the project.   In point of fact, a stand-alone MM tracking plus trigger device was one of the early options seriously considered by the collaboration.  The most important study involves understanding the design of both the readout and the trigger latencies so that a L1 trigger can be guaranteed within the 1088 nsec latency budget.
Whatever the ultimate trigger scheme will be, all on-chamber electronics at the time of installation of the nSW must allow for a trigger with the MM chambers.   The Harvard group proposes to study the MM trigger, and to design the necessary on-chamber electronics required to create a viable trigger.   If the baseline changes and the MM’s are to be used as a primary trigger, the group is prepared to work on both the front and back-end electronics for the MM trigger.  The Harvard electronics shop has extensive experience in ASIC and FPGA design, including the design of the current MDT ASD chip and associated on-chamber electronics.
SIMULATIONS
Elements of the US ATLAS Muon Group propose to develop flexible and realistic simulation of the trigger and tracking performance of the nSW. These software tools will be invaluable in assessing the impact of design parameters, such as MM strip width, timing, etc. Simulations will be validated with novel analyses of background data that have been developed by members of the US ATLAS Muon Group. 
In the design phase of the nSW, it is absolutely critical to have a reliable and well-integrated simulation of the detector.  Since the nSW has to be integrated into the existing detector, we need to test aspects of triggering, electronics readout, performance and reconstruction within the existing simulation and reconstruction package, Athena.   
The geometry of the existing detector is described in high detail and has a large database that is difficult to modify.  In the design phase the collaboration needs to have a simulation package that allows a fast turn-around of different layouts for optimization. Accordingly, the Harvard ATLAS group, working with CERN has developed an implementation that allows for a rapid implementation of different detector geometries. The concept is to create a large space of homogeneous material where the new small wheel will exist that mimics the average material load. Inside this, the geometric description of the detector can be implemented in XML.   Particles generated by GEANT4 are then passed through the material and particles are registered in the active parts of the detector described in XML.
Once the tracks are found, there is a simple digitization phase, where the response of the chambers and electronics are parameterized to create data blocks that mimic what would be found in the real dataflow. These digitized hits can then be used as input to muon reconstruction using the full chain of tracking that already exists.   
This scheme allows the simulation of the new small wheel to be imbedded in the rest of the detector simulation with a minimum modification.  At present, the Harvard Group has created a geometry based on MDT geometry as a test case and have validated the geometry and ability to generate hits.  As the package develops, the next major milestone is to get the first layout of the nSW geometry implemented in XML, incorporating detector/electronics parameterization for the MM and sTGC technologies.  Once this is done, a basis for estimating electronics needs like buffer sizes will be established thereby allowing the assessment of trigger and reconstruction performance.



BUDGETS
The table and Fig. 4 below show the budget profiles as a function of task and fiscal year. The total construction funds are estimated to be $14.5M. 
Table 3: The nSW Construction Budget in at year $k.
	Ayk$
	WBS 1.2.1 
MM Electronics
	WBS 1.2.2 Global Alignment
	 WBS 1.2.3 MM Factory & Test Stand
	WBS 1.2.4 sTGC MUX Board
	Totals

	FY14
	1,218
	111
	300
	308
	1,938

	FY15
	2,174
	362
	334
	408
	3,278

	FY16
	2,749
	382
	695
	408
	4,234

	FY17
	1,877
	205
	699
	534
	3,316

	FY18
	898
	155
	115
	594
	1,762

	Sums
	8,916
	1,217
	2,143
	2,252
	14,528



Note that R&D funds will be needed in FY13 to initiate these construction projects since construction funds will not be available until FY14. Note that WBS 1.2.1 (MM frontend ASIC development) and WBS 1.2.2 (alignment) are in the present US Upgrade R&D plan and have nominal funding in FY13, whereas some additional funding will be needed for setting up the MM chamber factor, test stand and starting the sTGC MUX board development.  

Fig.4: A graphical representation of the nSW construction project profile with separate tasks. 


SUMMARY 
Now that the technology choices have been endorsed by the ATLAS Muon Group, the US Muon Group proposes to take on several important tasks of the design and construction of the new Small Wheel. These include the design and fabrication of the VMM1 frontend ASIC for MM and sTGC chamber technologies; the design, integration and construction of global alignment components for the trigger and tracking chambers; construction, integration and testing of the smallest of 8 MM chamber types (25% of the total number of chambers to be built) and studies of the sTGC-MM superchamber integration in a test stand; design and fabrication of the MM RODs based on the ATCA technology being developed at SLAC; the design, prototyping, testing and production of the sTGC multiplexer board; simulations and develop the MM L1 trigger and associated on-chamber electronics.
The USAMG has had extensive experience in designing and building components for the ATLAS Muon System and brings a lot of expertise and capability to the nSW construction project.  
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APPENDIX:  LIST OF US ATLAS PERSONNEL*

University of Arizona: 
C. Armijo, K. Johns, S. Jones, D. Tompkins, J. Veatch and EE TBD

Boston University: 
S. Ahlen, J. Butler,  E. Hazen, A. Inglis, M. Kruskal, C. Lawlor, W. Shain, V. Shinde,  S. Wu and Y. Zhen

Brandeis University: 
[bookmark: _GoBack]J. Bensinger, C. Blocker, G. Sciolla and H. Wellenstein 

BNL: 
V. Polychronakos

UC Irvine:
A. J. Lankford, R. Murillo Garcia, M. Schernau and A. Taffard

Harvard University: 
N. Felt, M. Franklin, J. Guimares da Costa, S. Harder, J. Huth, D. Mateos-Lopez, M. Morii, J. Oliver, S. Sansone and A.Yen

University of Illinois: 
M. Kasten, T. Liss and T. Moore

MIT: 
F. E. Taylor

University of Massachusetts – Amherst:
B. Brau and S. Willocq

University of Michigan: 
J. Ameel, R. Ball, J. Chapman, T. Dai, E. Diehl, J. Dubbert, L. Guan, D. Levin, B. Zhou and J. Zhu.

SLAC: 
R. Claus, Su Dong and M. Hoffer

Tufts University:
 K. Silwa 

* It is anticipated that more persons will join (especially undergraduates, graduate students and postdocs) as the project gets underway. 
WBS 1.2.1 MM Electronics	FY14	FY15	FY16	FY17	FY18	1218.1	2173.822	2749.412000000001	1876.94	897.886	WBS 1.2.2 Alignment	FY14	FY15	FY16	FY17	FY18	111.4022	362.4021999999998	382.1525	205.4022000000001	155.4022000000001	WBS 1.2.3 MM Chamber Factory	FY14	FY15	FY16	FY17	FY18	300.0259999999998	333.7067799999996	694.5279833999995	699.493822902	114.96280567384	WBS 1.2.4 sTGC MUX Board	FY14	FY15	FY16	FY17	FY18	308.0	408.0	408.0	534.0	594.0	
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