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Pro ject Ov erview

This proposal presents a request for continued funding for the development of a prototype
long-laddersilicon-strip tracking module to bedeployed in a test beamin 2006. For the current
year, the program was funded from this sourceat a level of $72,000;we are requestingsimilar
amounts over each of the following two years. This shouldenableus, in collaboration primarily
with LPNHE Paris and Fermilab, to explore the feasibility and advantagesof using such an
approach to central tracking for a Linear Collider Detector with a testbeamrun in 2006. The
work described in this proposal, focussedon hardware development, will be complemented by
simulation studiesundertakenat SCIPP, SLAC, and elsewhere,that will addressthe feasibility
and relative advantage of such an approach for reliable pattern recognition and energy-
ow
calorimetry. This complementary simulation work, already underway, is not a subject of this
proposal.

As will be discussedbelow, current-year funding has beenused to complete the design of a
front-end low-noise, long shaping-time analog ASIC, known as the `LSTFE' (Long Shaping-
Time Front End) chip. The LSTFE design was submitted to the MOSIS fabrication con-
sortium at the end of 2004, and is just now back in the SCIPP lab and being prepared for
testing. Most major components of the LSTFE test setup (LSTFE-speci�c PC test board,
calibration and readout capabilities, and analysissoftware) have beendeveloped and are now
being deployed for testing. We expect to have �rst results to shareby the International Linear
Collider Workshop in March.

The focusof the activit y over the next two yearswill beto: 1) Re-optimize the LSTFE in order
to take greatestadvantage of the recent acceleratortechnology choice(the �rst prototype was
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gearedtowards the most challenging scenario,which was the warm accelerator technology);
2) Develop a full readout system, including appropriate back-end ASIC implementations,
as well as an FPGA-based readout interface, that will be part of a mutual test-beam e�ort
betweenLPNHE and SCIPP, most likely to bemounted at the FNAL LC testbeamfacilit y; 3)
Contribute to the designand construction of the testbeamprototype hardware; 4) Participate
in the test beam run and the analysis of data acquired from the run.

To exploit the tremendouspotential of a high-energyelectron-positron linear collider (LC), it
is necessaryto developa powerful central tracking system. This systemneedsto determine the
momentum of chargedparticles to unprecedented precision (better than 5� 10� 5 in � p? =p2

? ),
avoid the excessive useof material for support and readout, and be able to reconstruct tracks
in the notoriously noisy (at least by electron-collider standards) linear collider environment.

The work discussedhere represents one possible implementation of central tracking for the
international `Silicon Detector', which features an all-silicon central tracker, allowing for
a relatively compact design that should permit the use of silicon-tungsten electromagnetic
calorimetry at reasonablecost. As will be discussedbelow, the long shaping-time approach
promisesto minimize the amount of material in the tracker, leading to superior momentum
resolution over the full rangeof track momenta, aswell as limiting the degradation of charged
and neutral particles before their entrance into the calorimeter, particularly in the forward
region. The proponents of this proposal are in closeand ongoing contact with the leadersof
the silicon detector designstudy group.

Due to the high precision of microstrip detectors, such a tracker would meet the LC mo-
mentum resolution goals. With long ladders, the detector would be burdened by a minimal
amount of readout servicing. By turning the power o� when not needed,the detector could
avoid active, liquid-based cooling. As a result, the tracker would incorporate a minimum of
material, and thus maintain its superior momentum resolution at relatively low momentum.
As importantly, such a tracker would also imposea minimal amount of material betweenthe
tracker and calorimeter, limiting the degradation of the calorimeter response,and the obfus-
cating e�ects of conversionsand material interactions, particularly in the forward region.

We are proposingthe long-laddersolid-state tracker asa speci�c implementation of the March
2001 baselineSD tracker design of the American Linear Collider Physics Group (ALCPG).
In this design, the �v e-layer central tracker extends betweenradii of 20 and 125 cm, with a
solid-anglecoverageof j cos� j � 0:8, and is immersed in a 5T solenoidalmagnetic �eld. We
are also exploring, through simulation, other detector con�gurations (such as an eight-layer
geometry) that may prove more optimal when aspects of pattern recognition are considered.

The keysto achieving the superior tracking performancediscussedin this proposalare the use
of: (1) long shaping-time electronic readout to reducevoltage-referenceddetector noise;and
(2) power cycling to eliminate the need for active cooling. We believe it will be possibleto
exploit thesetechniquesto eliminate everything except the material of the sensorsthemselves
and a minimal amount of support material from the active tracking volume; the detector
would be read out at its endsonly. In addition, for the inner tracking layers, whoseladders
need not be as long as those of the outer layers, the reduced noise may allow the use of
thinner sensors. Figure 1 comparesthe transverse momentum resolution of the baselineL
(TPC-based; dashedtra jectory) and SD (silicon microstrip tracker with conventional readout;
dotted `Thick' tra jectory) detectorsto that of an idealizedshort-shapingtime detector (`Thin'
tra jectory), for which the only material is that of the sensorsthemselves. Although not
completely realistic, the �gure shows that substantial gains in momentum resolution in the
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Figure 1: Comparison of the expected momentum resolution at cos� = 0 for the `L' and `SD'
tracking options. The `SD' option is further divided into two scenarios:a `Thick' designwith 1.5%
X 0 per layer, and a `Thin' design,with 0.3% X 0 per outer layer, and 0.2% X 0 per inner layer.

low-to-intermediate momentum region stand to be made by pursuing the long shaping-time
design.

Another major advantage of this designwould be its lack of endplate structures and servicing.
The separation of W and Z bosonsvia energy-
ow calorimetry is a critical component of
Linear Collider detection, and production processestend to concentrate thesesignals in the
forward direction. A long shaping-time microstrip tracker, on the other hand, holds out
the promise of minimal material in the forward region: a light support structure, and limited
electronicsand servicingto readout the relatively few channelsat the endsof the long detector
ladders. The long shaping-time concepto�ers the prospect of a tracker that intro ducesonly a
small fraction of a radiation length even in the forward region, rather than the large fraction of
a radiation length typical for gaseoustracking designs,or the substantial end-regionmaterial
associated with the readout and cooling of a conventional microstrip tracker (the ATLAS
semiconductortracker has between30% and 40% of a radiation length in the forward region,
although admittedly there waslessof a motivation to reducethe material burden in that case).
This could be a substantial advantage for energy-
ow calorimetry, and would eliminate much
of the problem associated with conversionsand interactions in the detector material.

Broader Impact

As an integral component in the drive to develop an optimized design for a Linear Collider
detector, this project will contribute to the overall goal of deepening our insight into the
fundamental makeup and laws of operation of the natural world. Within this lofty goal,
however, lies a much more practical opportunit y to train students, from the undergraduate
through the postdoctoral level, in a number of broadly applicable technological areas. In
addition, as part of the interdisciplinary and well-integrated SCIPP laboratory, this work
acts in signi�cant measureto support and further a broad array of scienti�c e�orts.
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For example, work done to date in developing our test and readout infrastructure (seebe-
low) was funded mutually through, and is currently enjoying application in, both the LSTFE
project as well as the Particle Silicon Tracking Microscope (PTSM) project, a collaboration
with the Loma Linda medical research center to develop proton-beam based tomography
for more e�ectiv e treatment of human malignancies. Two undergraduates did substantial
programming work for control, readout, and data acquisition for the mutual LSTFE/PTSM
readout system. Two graduate students gained substantial experience in detector physics
through the development of the SCIPP microstrip pulse-development simulation; a third will
take over the project and apply it to the upcoming re-optimization of the front-end chip
parameters. Two postdocsare involved in the overall development of the test system, includ-
ing the developing SCIPP expertise in FPGA programming, which will have a broad bene�t
throughout the lab's projects in particle physics,experimental astrophysics,radiobiology, and
neurophysics. Work supported by this program would continue this contribution to the spe-
cialized education of a broad range of students, and to the infrastructure essential to the
interdisciplinary program at SCIPP.

Results of Prior Researc h

In Fiscal Year 2004,this work hasbeensupported by a year of funding through this program
(referred to below as `current funds'), with an amount of $72,000received in September,
2004. These funds were made available as a supplement to award DOE-FG02-04ER41286,
with a total amount of $1,707,851.In Fiscal Year 2003, this work was supported through a
supplement of $50,000to the sameaward number, with funds provided through the Advanced
detector R&D (ADR) program (referred to below as `prior funds'). The total award for that
year was $1,472,500. This proposal represents a request for a continuation of the FY 2004
funding, at roughly the samelevel, for two more years, through FY 2005and FY 2006.

With prior funding, a pulsesimulation algorithm developedby Schumm and graduatestudents
Flacco and Young was used to guide the design of LSTFE ASIC readout parameters and
architecture. This led to the selection of a shaping time of � = 3 � s, a two-comparator
`high-low' discrimination scheme (for which the high threshold discriminates against noise
hits, while the low threshold signal is subsequently used to collect pulse-height information
used in constructing an accurate centroid), and a time-over-threshold analog readout. This
simulation algorithm is currently being incorporated into the global simulation infrastructure
by Young and SLAC physicist Norman Graf.

The parametersand architecture suggestedby the pulsesimulation studieswere incorporated
in the LSTFE design, which was implemented in the TSMC 0.25 � m mixed-signal RF pro-
cess.Much attention waspaid to return-to-baseline and recovery issuesassociated with rapid
power cycling, resulting in a designallowing for a live-time of only 120 � s per measurement,
corresponding to a 1.5%duty cycle for a 120Hz machine repetition rate, and a corresponding
power savings of 98.5%. The designand layout of this chip wascompletedby engineerSpencer
in November 2004,at which point it wassubmitted to the MOSIS consortium for fabrication.
The fabricated ASIC is now in hand at SCIPP, and the processof characterizing its behavior
is getting underway. Support for Spencer'scontribution to the design of the LSTFE ASIC
was derived from a combination of prior and current funding.

In parallel, much work was completed on the testing infrastructure for the LSTFE project.
A PC board that provides power, readout and control traces, and calibration signals to the
LSTFE was designedand fabricated, and is now in hand. This PC board, as well as an
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Figure 2: The LSTFE test PC Board.

expanded view showing the LSTFE prototype ASIC, is shown in Figures 2 and 3. Much
progresswas also made on the development of an FPGA-based data acquisition system {
progressthat represents a new capability for the SCIPP laboratory, and one that we expect
to lead SCIPP to an expandedrole in the development of back-end digital architecture for
the LSTFE and other projects. While the contribution of postdocs Nesom and Kroseberg
wassupported by the baseprogram, approximately $12,000of current funding wasapplied to
the fabrication of the PC board and the acquisition of electronic control and data acquisition
hardware.

Four months into the project (we received the initial $72,000in Sept 2004), in part due to a
prior AdvancedDetector R&D grant, we are well along the path towards the production and
testing of the LSTFE chip. We are now closeto �rst results with the LSTFE chip, and expect
to be able to present them at the International Linear Collider Workshop in late March 2005.
Sincethe period coveredby current funding extendsinto the future, substantial current funds
remain to support this work over the next few months. Plans for the useof these funds will
be discussedbelow.

at the quality of the charged and neutral tracks that enter the calorimeter), for which signal-
to-noise is a concern.

Facilities, Equipmen t and Other Resources

The facilities at SCIPP are ideally suited to carry out the proposedwork. Over the past two
decades,SCIPP has becomeincreasingly expert in the development and application of front-
end electronic circuitry , and has amassedthe infrastructure necessaryto operate e�ectiv ely
in this demanding �eld. Sophisticated technical equipment, such as an automated wire-
bonding facilit y, micro-probe stations, and semiconductorand network parameter analyzers,
essential to carrying out this sort of R&D, have been accumulated through the pooling of
funds from diverse R&D projects, as well as through research instrumentation initiativ es
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Figure 3: Expanded view of the LSTFE test board, showing the bonded ASIC in preparation for
testing at SCIPP.

(an NSF MRI award in 1997 allowed us to purchase state-of-the-art automated bonding
and probe stations that have played a central role in a number of subsequent projects). In
addition to our numerousR&D projects, wehave recently completedtwo successfullarge-scale
procurement projects for ATLAS and GLAST. SCIPP currently employs, on a full-time basis,
a senior electrical engineer (Spencer, who is a proponent of the proposal), as well as three
electrical/electromechanical technicians. The SCIPP facilit y comprises5,270 square feet of
assignablelaboratory spaceon the second
o or of the Natural SciencesI I building, which lies
at the heart of the cluster of buildings known as `ScienceHill' on the UC Santa Cruz main
campus.

Prop osal for Future R&D

At the time of the acceleratortechnology decision,we decidedto proceedwith the �nalization
of the LSTFE designwe had at the time, even though it was largely optimized for the beam
structure of the warm acceleratortechnology (the most challenging of the two beamstructure
scenarios). We felt the extra months of delay we would have incurred in re-optimizing and
then redesigningthe chip would not have beenan e�ectiv e useof resources;we have enough
to learn from the original design about noise performanceand power-switching capabilities
that we didn't feel it appropriate to hold up the submission.

With this chip now submitted, and testing beginning, it is time to begin the re-optimization
of the LSTFE front end to take greatest advantage of the relaxed beam structure presented
by the cold accelerator technology. This reoptimization will begin with simulation studies,
making use of the pulse simulation algorithm developed for the original optimization. Re-
optimized readout parameters, together with the experience gained from the tests of the
existing prototype, will be two of the three essential elements to inform the design of the
secondprototype. The third element will be the digital and mechanical constraints imposed
by the need to incorporate the chip into the mutual test-beam setup that we plan to begin
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developing with LPNHE Paris and Fermilab.

In more detail, the relatively relaxed time structure of the cold acceleratingtechnology allows
us to entertain the notion of a pulse-by-pulse time stamp for central tracker hits. To good
approximation, the time resolution of a discriminated electronic signal is given by

� t =
�
�

�
1

1 � a=�
;

where � is the preampli�er response (`shaping') time and � the signal-to-noise ratio. The
threshold parameter a is the value of the comparator level (voltage at which the comparator,
or discriminator, �res) in units of RMS noise.

For the warm technology, for which pulse-by-pulse timing is not possiblefor a long shaping-
time, low-noiseampli�er, the optimal shapingtime wasfound to be � = 3� sec. This leadsto a
timing resolution of � t ' 300nsec{ not quite good enoughfor a three-sigmaidenti�cation of
individual cold-technology beampulses,which are separatedby 337nsec. The idea we would
like to pursue is to reduce the preampli�er shaping time to improve the timing resolution.
This will comeat somecost in extra noise, which grows in inverseproportion to the square
root of the shaping time. However, we can compromisesomewhat on the thicknessof the
sensorsmounted on the longer outer layers of the central tracker, for which signal-to-noise
is a concern(note that an additional few hundred microns of silicon will have little e�ect on
the tracking performanceof the detector of the quality of the chargedand neutral tracks that
enter the calorimeter).

The SCIPP pulsedevelopment simulation will provide all the information we needto explore
operating points that are viable in terms of e�ciency and occupancy, as well as to estimate
the timing resolution (� and a are products of the simulation, while � is an input), and thus
optimize the shaping time of the next prototype front-end chip. In addition, our prior as-
sumption of 120 Hz operation (warm acceleratortechnology) pushedthe limits of our abilit y
to achieve the necessarypower reduction from power cycling necessaryto avoid the compli-
cation and material burden of active cooling. With the cold technology now selected,which
operatesat 5 Hz, the permissibleswitch-on time hasbeenincreasedby an order of magnitude,
allowing us to relax the designin this area, and push a little more aggressively in areasthat
will contribute to the timing and position resolution (overall noise performance at a given
shaping time, immunit y to processvariation and matching issues,etc.).

We have recently begun to participate in monthly video meetingsbetweenFermilab, SCIPP,
and LPNHE, the topic of which is the general application of silicon tracking to a Linear
Collider detector. One of the points of focus of these meetings is the demonstration of the
long shaping-time concept, and we are beginning to envision a mutual test-beam run to
test the complementary LPNHE and SCIPP readout schemes,to provide a common proof-
of-principle and to help choose between several di�eren t approaches to implementing the
long shaping-time front end. This run would likely take place at FNAL in late 2006, and
in our monthly meetingswe are beginning to discussthe details of how this might play out.
Through their extensive involvement in the development of the D0 upgradesilicon tracker, the
Fermilab group brings a large degreeof expertise in the designand implementation of silicon
tracking. In addition, we are exploring the useof sensorsfrom the D0 upgradeproject, which
have design parameters close to what we are envisioning for the Linear Collider Detector,
in the testbeam e�ort. We will continue to 
esh out the details of this collaboration in the
coming months, as each participating institution evaluates its area of expertise and capacity
for contributing to the project.
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As we continue our current work here at SCIPP, much of the resourcesfrom the �rst year's
($72,000)award remainsin hand. While we have beenmaking heavy useof engineerSpencer's
time, wemanagedto pay for the run of the existing prototype with prior funds. Thus, we have
the resourcesin hand to continue to employ Spencerin the re-optimization of the preampli�er
ASIC, even though this was not an anticipated turn of events in our prior proposal.

Thus, the work we envision doing over the duration of the current year's funding, and then
the two yearsrepresented in this proposal, is as follows.

In the nearest term, we will place highest priorit y on testing and gaining experience from
the existing prototype. The testing infrastructure is largely in place for this; we will needto
fabricate another PC board (to connectthe existing Detector Board of Figure 2 to the FPGA-
based readout system), and perhaps purchaseone or two more minor piecesof laboratory
equipment (DAQ card, pulser) depending on the availabilit y of SCIPP laboratory stock. The
money for this is in hand from the current year's funding. The manpower for this will be
provided by post-docsNesomand Kroseberg, supported from our basegrant, consulting with
Engineer Spencerand technician Wilder. Most important will be to explore the performance
of the most challenging aspects of the design: the rapid power switching and recovery, and
the noiseperformance.

Schumm will work with new Ph.D. graduate student Winstrom (who will do his thesis on
BaBar) in using the SCIPP pulse development simulation to re-optimize the readout param-
eters. No support will be required for this. We will then usecurrent-year funds intended for
prototype fabrication (but releasedby our use of prior funding for fabrication) to support
Spencerin the designof the re-optimized front-end ASIC.

Year one of proposed funding will be used to �nalize the design of and fabricate the re-
optimized ASIC, and to provide funds for engineer Spencer to support us in testing the
re-designedASIC, and the implementation of the ASIC in the development of the testbeam
prototype (Spencer has extensive experience in the electronics and electromechanics asso-
ciated with physical tracking systemsthrough his e�orts on BaBar, GLAST and ATLAS).
We would also bring a graduate student on to help us carry out the test beam e�ort. This
student's funding would extend into the secondyear of the proposal, allowing her/him to
becomeengagedwith the testbeam e�ort for an entire year, including the development of
components of the testbeam prototype, the running period, and data analysis. This should
provide an excellent opportunit y for an early graduate student. Second-year funding will also
go towards supporting a technician to construct components of the testbeam prototype. We
will needto construct at least one more PC board to implement the re-optimized prototype
chip in the testbeam prototype. Finally, Spencer will continue to direct the electrical and
electromechanical aspects of the testbeam prototype design,and move into the discussionof
designof the full tracking system, including optoelectronic (data transmission) issues,which
could be critical should thinking continue to favor a triggerlessdetector.

We expect to augment funding from this initiativ e with a degreeof support from the SCIPP
basebudget. PostdocsNesomand Kroseberg, while both heavily involved in BaBar, will work
part-time on the LSTFE project. This has already worked quite successfully, with Kroseberg
and Nesom having produced a refereedpublication from BaBar data in their �rst year at
SCIPP, while also having played a central role in the development of the LSTFE test and
FPGA readout infrastructure. We also have basefunding to support someamount of travel
when it becomestime for the testbeam run.
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FY2005 Pro ject Activities and Deliv erables

Activit y in the �rst portion of FY2005 will focuson completion of the designand fabrication of
the re-optimized LSTFE ASIC. In addition to the re-optimized front end, this ASIC will have
an input geometry and data-
o w architecture consistent with its use in the joint testbeam
prototype. The deliverable will be the fabricated ASIC to the SCIPP lab for testing, with a
milestone date of December 1, 2005.

The latter part of Calendar Year (CY) 2005,as well as the �rst few months of CY2006, will
be devoted to characterizing the reoptimized ASIC's power switching, noiseperformance,and
timing resolution capabilities (the latter of which becomesessential for the reoptimized front-
end). We will also explore how far towards the noise 
o or the second(lower) comparator
can be lowered before an unacceptablelevel of noise is introduced into the centroid-�nding
algorithm. These results can then be fed back into the pulse development simulation (soon
to be part of the global Linear Collider simulation package) to produce a re�ned projection
of the performanceof a long shaping-time silicon strip tracker. A deliverable, expectedJune,
2006, will thus be a re-evaluation of the capabilities of a long shaping-time tracking system
for a Linear Collider detector, basedon input from lab-bench measurements.

In the latter half of FY2005 (�rst half of CY2006), we will begin contributing to the design
and construction of components for the mutual test-beam prototype, in collaboration with
LPNHE and FNAL. We will also develop the LSTFE-speci�c components of the testbeam
prototype (the readout and data acquisition), and contribute to mutual analysis software.
Timelines for deliverablesfor this work will extend into FY2006.

FY2006 Pro ject Activities and Deliv erables

In the �rst few months of FY2006, we will complete the design and construction of the
testbeam prototype, including electronics instrumentation and readout. Since the details of
this prototype systemare just now coming under discussion,it is di�cult to specify SCIPP's
full commitment. However, a primary set of deliverables,with a milestone date of October,
2006,will be the full readout, data acquisition, and analysissystemnecessaryto operate and
record high-quality data in a two-weektestbeamrun to be conductedin autumn of 2006,very
likely at the FNAL Linear Collider test beam facilit y. The goal of the testbeam run would
be to con�rm and re�ne many aspects of the system performancefor which we now rely on
the pulse-development simulation, including e�ciency and occupancy levels as a function of
the track entrance angle, and the point and timing resolutions for minimum-ionizing tracks.

This work would be carried out in large measureby an as-of-yet to be identi�ed graduate
student, who would begin working on the project for the last quarter of FY2005, and follow
through the �rst three quarters of FY2006, to the completion of the analysisof the testbeam
data. PI Schumm expects to make useof sabbatical releasetime to seethe project through
at this point. Thus, a deliverable with a milestone date of the end of FY2006 will be a
complete analysis of test beam data, with a clear statement of how that data enhancesour
understanding of the overall performanceof a long shaping-time silicon strip central tracking
system.

FY2007 Pro ject Activities and Deliv erables

We don't feel we're in a position to evaluate our needsfor FY2007. We hope that by the end
of FY2006 (June 2007),we have in hand a proof of principle of the long shaping-time concept
that can fully inform a debate about the designof the Linear Collider Detector(s).
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Budget Justi�cation: Santa Cruz Institute for Particle Physics

In the description that follows, indirect costsare included in the estimatesof expenses.Indi-
rect costsare broken out explicitly in the budget table of the following section.

In the �rst year, we will completere�nement of the designof the front-end ASIC, and develop
a back-end architecture commensuratewith testbeam hardware that we expect to develop
jointly with LPNHE and FNAL. This will require funds for the fabrication of a �nal prototype
ASIC (about $30,000),aswell asan estimated 2-3 months of work from engineerSpencer(we
ask for 2.5 months, or about $28,000). We will also needto designat least one PC board to
implement the LSTFE ASIC on the prototype detector, and to provide an interface to the
FPGA-based readout system(about $4,000;including miscellaneoussupplies,this results in a
total of about $7,000for materials and supplies). Finally, asthe e�ort to designand construct
the testbeam prototype matures, we will want to bring on a graduate student who will play
a lead role in carrying out the testbeam run (about $10,000for the �rst of four quarters of
support).

In year two, support for the graduate student would extend for three more quarters, through
the testbeam run and the data analysis (an additional approximately $28,000). Electrical
technician Forest Martinez-McKinney, who is also skilled at mechanical work, would support
the �nal preparation of the testbeam system for about three months (about $19,000). A
contingency of about $3,000($4,500including indirect costs) is included for minor laboratory
equipment and supplies.

The total request is $75,000per year for two years, or $150,000in two years. Although
this work will represent a collaboration between SCIPP, LPNHE, and FNAL (and perhaps
other institutes that may join later), the funds requestedhere are to be used solely for the
work performed at SCIPP. SCIPP has played a role similar to that played here by LPNHE
in expressingsupport for this mutual e�ort to European funding agencies(speci�cally , the
DESY PRC). This funding request is intended to allow SCIPP to continue to contribute to
the exploration of long shaping-time readout for a Linear Collider silicon central tracker.

Three-y ear budget, in then-y ear K$ Santa Cruz Institute for Particle Physics

Item FY2005 FY2006 FY2007 Total

Other Professionals 14.6 21.7 0 36.3
Graduate Students 4.5 13.9 0 18.4

Undergraduate Students 0 0 0 0
Total Salariesand Wages 19.1 35.6 0 54.7

Fringe Bene�ts 4.6 7.4 0 12.0
Total Salaries,Wagesand Fringe Bene�ts 23.7 43.0 0 66.7

Equipment 0 0 0 0
Travel 0 0 0 0

Materials and Supplies 24.7 9.4 0 0
Other direct costs 0 0 0 0

Institution 2 subcontract 0 0 0 0
Total direct costs 51.3 52.5 0 103.8

Indirect costs 23.7 22.5 0 46.2

Total direct and indirect costs 75.0 75.0 0 150.0
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