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Project Overview 
 
The high-purity identification and precise measurement of muons is critical to the physics 
program of the ILC. The muons produced from decays of W and Z bosons provide key signatures 
for the Higgs and possible new particles, as well as identifying dominant backgrounds for these 
new signals.  Muons may be produced directly from decays of new particles.  Muons are an 
important part of flavor tagging of jets, which is crucial for distinguishing signal and backgrounds, 
as well as for measuring branching ratios. 

Our R&D project addresses three critical areas that have emerged from discussions inside the ILC 
detector community.  

1. What is the additional capability for muon identification that an instrumented iron magnetic 
flux return can provide beyond that from a finely segmented particle flow capable hadron 
calorimeter?  

2. What performance for muon identification (efficiency and purity) can be provided by a strip 
scintillator detector with barrel and endcap pieces combined with the hadron calorimeter?  

3. What is the best candidate for photon detection for scintillator readout among the established 
and newly developed devices: multi-anode photomultiplier, Geiger-mode avalanche photo-diode, 
silicon photomultiplier and silicon avalanche photodiodes?  
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Question 1 above is relevant to all of the detector concepts which include an instrumented flux 
return muon detector. Scintillator technology is considered as a candidate technology in some of 
the concepts, and in all cases provides a benchmark for comparison.  

There are two main components of this project: simulation and detector prototyping.  The 
Fermilab group (Milstene and Fisk) does the simulation studies.  Fermilab and the university 
groups contribute to the prototyping effort.  The major accomplishments in prototyping are the 
fabrication and testing of three detector planes, two using multi-anode phototube readout and one 
with silicon photomultiplier readout.  

Two new groups have joined this effort since last year’s proposal. These groups are Indiana 
University and Northern Illinois University.  Both groups are already involved in ILC muon 
detector development.  The Indiana group has led the testing at Fermilab of the planes read out 
with MAPMTs.  The NIU group has developed and tested planes read out with SiPMs as part of 
the Tail Catcher Muon Tracker project.  

The major funding for this project has come internally from Fermilab and the participating 
universities, not from the University of Oregon umbrella funding.  For the universities, internal 
funding is coming to an end.  The university groups will not be able to sustain the current level of 
activity on this project without a substantial increase in external funding.   
 
Status Report 
Fermilab 

The Fermilab group has developed software for muon tracking, encompassing both the calorimeter 
and muon systems. The tracking employs a Kalman filter which takes into account multiple 
scattering, energy loss and magnetic field. Results on the efficiency and purity of muon 
identification for the barrel detector were recently presented by Gene Fisk and Caroline Milstene 
at the SiD meeting, Fermilab, 12/16/05. The Fermilab group coordinates the muon detector design 
with the SiD detector collaboration [1].  

The simulation is at the hit level for the hadron calorimeter and the muon detector. The simulated 
HCal has 33 layers and 4.8 interaction lengths. It is assumed to be digital and capable of particle 
flow algorithm reconstruction.  The muon detector has 24 steel barrel absorbers each with 10 cm 
thickness. Scintillator detectors are located in 23 gaps each with 5 cm thickness.  An inner-to-
outer algorithm starts with charged particle trajectories measured in the tracker which are then 
linked to hits in the HCal and Muon detectors.  The algorithm used to separate simulated muons 
from hadrons in the HCal relies on the fact that most hadrons begin to shower by the time they 
have reached the middle of the HCal, while muons do not shower, but deposit minimum 
ionization. Using 10,000 bb(bar) events, preliminary results for muon efficiency and purity versus 
the number of interaction lengths are shown in Figure 1.  These results show that the instrumented 
flux return muon detector can achieve an efficiency of 93% while improving the purity from 69% 
using the HCal alone to 88% when the muon detector is added. We expect that improvements in 
the algorithm will further increase the purity and that average efficiency is higher when taking into 
account that some muons range out in the muon detector. 

The Fermilab group coordinates the fabrication and operation of the prototype detector. Fermilab 
purchased commercially extruded scintillator, optical fiber and 10 64-channel MAPMTs, and 
provides laboratory space, mechanical infrastructure and electronics instrumentation. The splicing 
of WLS and clear fiber is performed at Fermilab.  
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Figure 1. Simulation results (preliminary) using 10,000 bb(bar) events. 
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University of Notre Dame   
 
During the past year the University of Notre Dame group successfully fabricated four prototype 
muon detectors for a potential Linear Collider detector [2].  These detectors use long scintillator 
strips read out by a combination of wavelength shifting and clear optical fibers to 64-channel 
multianode photomultiplier tubes.  The detectors are rectangular with total dimensions of 1.4 by 
2.8 meters and 2.2 cm thickness.  Each detector contains a total of 64 scintillator strips of varying 
length which are oriented at ± 45o to the detector edge, as shown in Figure 2..  The first two 
detectors constructed are read out at one end of the scintillating strip.  These are currently under 
test with cosmic rays and radioactive sources in the Lab 6 facility at Fermilab, as shown in Figure 
3.  The other two detectors are read out from both ends of the strips and are still at Notre Dame, 
ready to deliver when needed at Fermilab. 
 
The basic detection element in this design is the scintillator strip. These come to Notre Dame with 
a uniform length of about 3.5 meters.  Each strip is covered with a white, reflective coating and 
has a groove cut down the middle of its length.  To test the integrity of each strip we designed an 
apparatus that injects ultraviolet LED light into the groove and measure the light detected by 
photodiodes located 14 inches away, in both directions along the groove.  This device is moved 
along the entire length of the strip, giving a total of 10 pairs of data points per strip.  These data 
are analyzed for both an individual strip and compared over the entire sample of strips.  While the 
scintillators showed good uniformity at about the 95% level, we found a few with significantly 
lower output in some regions – these were discarded.  Once they passed the quality control test the 
strips were cut to length and the ends were cut to the appropriate angle and covered with white 
reflective paint. 
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Figure 2.  Simplified layout of a plane of scintillator strips, each read out at one 
end. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Two, 2.5 m X 1.25 m, 64-strip planes under test at Fermilab. A 
H7546B MAPMT (bottom plane) and a standard single anode PMT (top plane) 
are used for initial tests. 
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.Every piece of optical fiber, both wavelength shifting and clear, was tested before assembly into 
the detector.  The fibers are first cut into the requisite number of pieces, all of the longest possible 
length for the detector.  The fibers are manufactured and stored on large spools, so they retain 
some residual curvature.  We remove this by gently heating the fiber’s end, which in turn 
improves the quality of the fiber polish and subsequent splice.  After a visual inspection, each 
piece is measured for optical throughput by illuminating one end with a green LED and measuring 
the light out the other end into a photodiode.  The outputs are compared to a control standard and 
pieces with low throughput are removed and replaced.  The pieces are then cut to the appropriate 
lengths and sent to Lab 7 at Fermilab for polishing and splicing.  More specifically, for the two 
single-ended detectors the “far” ends of the wavelength shifting fibers are coated with a thin 



 5

aluminum mirror, and the “near” ends are thermally spliced to their mating clear fibers.  For the 
double-ended detectors both ends of the wavelength shifting fibers are spliced to clear fibers. 
 
After the fiber combinations are spliced they are returned to Notre Dame for testing and 
installation.  Since one end of the single-spliced fibers is mirrored, we can no longer use our green 
LED – photodiode test.  Instead, we excite the wavelength shifting fiber with a UV LED and 
measure the far end with a photodiode.  Another complication is that the lengths of both the active 
and clear fiber change from piece to piece.  However, this change is gradual and the total light 
output of the fiber combinations should follow a smooth curve.  By comparing the measured result 
to this curve it is fairly straightforward to identify poor splices and these are removed and 
replaced.  For consistency, we test the double-spliced fibers with the same method, comparing 
each end and the sum from both ends with the expected curve. 
 
The actually assembly of the detector begins with the outer frame constructed with 3/4 inch square 
tubing.  A 1/16 inch aluminum skin is riveted and glued to the frame, providing the surface to 
which the 64 scintillator strips are glued.  After that, the fibers are carefully laid out and glued into 
the grooves in the scintillator.  The mechanically sensitive regions where the fibers are spliced are 
well-protected within the groove.  The clear fibers are routed along an open channel along the 
long edge of the detector and threaded into a Delrin connector.  Once the connector is filled with 
fibers they are glued into place and then optically finished with a diamond fly cutter.  
 
The final step in the fabrication is the installation of the calibration and monitoring system.  In 
order to inject a controlled amount of light into each wavelength shifting fiber, a series of flat 
optical panels are laid over a small, exposed length of each fiber.  These panels are illuminated by 
a single LED and produce a fairly uniform “ribbon” of light.  There are 9 such panels in each 
detector.  The LEDs are wired to an electrical connector mounted at the far end of the detector, 
next to the optical readout connector.  In order to monitor the LED light, we added a photodiode 
mounted on each flat panel.  These are also wired to an electrical connector next to the LED 
connector. 
 
Finally, the second aluminum skin is riveted and glued into place, creating a light tight detector.  
At this point the detector is ready for use.  One additional step involves the precise alignment and 
gluing of the Hamamatsu multianode PMT into a Delrin jacket.  By doing this, we guarantee that 
each PMT will be precisely aligned with the optical fiber connector, and any PMT can be used on 
any of the completed muon detectors. 
 
The work described above has been completed on schedule as described in our proposal of one 
year ago.  The fabrication and testing effort has been led by a technician, Mr. Michael McKenna.  
We greatly profited from the help of two high school teachers and three students over the past 
summer who worked with us as part of the Notre Dame Quark Net program.  Clearly, the $4,500 
in funding over the past year was nowhere near sufficient to support this effort, and a considerable 
increase will be needed to sustain this work in the future. 
 

Indiana University 

The Indiana University group tests the prototype detector modules at Fermilab using a radioactive 
source (Cs-137) and cosmic rays [3].  A recent (Fall 2005) result is from the operation of two 1/4 
size prototype planes, shown in Figure 3. A cosmic ray trigger is defined by scintillator paddles 
and absorbers above and below the planes.  



 

Figure 4. Response of prototype detectors to cosmic rays from two individual triggers.  CH1 is the 
signal from a single anode PMT.  CH2 is from a single anode of a multi-anode PMT. 

Figure 4 shows typical phototube anode signals from the prototype planes shown in Figure 3. CH1 
corresponds to the plane where all fibers are routed to a single anode phototube. CH2 corresponds 
to one fiber readout by one channel of the multi-anode phototube. The multiple peak structure is 
due, in part, to the approximately 12 ns decay time of the wavelength shifting fluor. Reflections 
inside the scintillator may also contribute to the multiple peak structure.  

Northern Illinois University 

The Northern Illinois University group is developing a tail-catcher, muon tracker (TCMT) 
detector using silicon photomultiplier readout [4]. This effort will be integrated into the scintillator 
muon project. The existing TCMT design has a fine and a coarse section distinguished by the 
thickness of the steel absorber plates. The fine section, sitting directly behind the hadron 
calorimeter and having the same longitudinal segmentation as the HCAL, will provide a detailed 
measurement of the tail end of the hadron showers, which is crucial to the validation of hadronic 
shower models, since the biggest deviations between models occurs in the tails. The following 
coarse section will serve as a prototype muon system and will facilitate studies of muon tracking 
and identification within the particle flow reconstruction framework. Additionally, the TCMT will 
provide valuable insights into hadronic leakage and punch-through from thin calorimeters and the 
impact of the coil in correcting for this leakage.  
 
The TCMT design has 16 layers, each of active area 1m x 1m. Extruded scintillator strips are 5 cm 
wide and 5 mm thick. Steel absorbers have thickness 2 cm (8 layers) and 10 cm (8 layers). There 
is X or Y orientation of strips in alternate layers and  Silicon Photomultiplier (SiPM) 
photodetection. 
 
The extruded scintillator strips will be produced at the Scintillator Detector Development Lab 
(SDDL) extruder facility operated jointly by Fermilab and NICADD [5]. The extruder uses 
polystyrene pellets and PPO and POPOP dopants to produce scintillator with good mechanical 
tolerances and an average light yield that is 70% that of cast scintillator. The strips produced are    
1 m long, 10 cm wide, 5 mm thick and have two co-extruded holes running along the full length of 
the strip. A 1.2 mm outer diameter Kuraray wavelength shifting fiber is inserted in each of the 
holes. Detailed studies of the strip-fiber system were carried out to converge on this solution [6]. 
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Not only was the performance of this novel fiber-coextruded-hole configuration better than 
anything that could be obtained for a fiber-machined-groove geometry, it is also significantly less 
labor intensive since no machining, polishing or gluing is involved. Due to the size of the die 
currently available, the strips rolling off the extruder are ten centimeters wide. To have the 
required five centimeter wide readout segmentation, each of the strips has a 0.9 mm wide epoxy- 
filled separation groove in the middle. All the strips needed for the TCMT have been fabricated 
and have passed extensive quality control measurements. Photographs of extruded bars and 
assembled arrays are shown in Figure 5.  
 

 

Figure 5. Scintillator bars extruded at the NICADD facility and assembled arrays. 
 
The scintillator strips and their associated photodetectors in each layer are enclosed in a light tight 
sheath which we refer to here as a cassette (see Figure 5). The top and bottom skins of the cassette 
are formed by 1mm thick steel with aluminum bars providing the skeletal rigidity. The aluminum 
bars also divide the cassette into distinct regions for scintillator, connectors, cable routing and 
LED drivers such that they can be independently accessed for installation, maintenance or repairs. 
 
We will use novel solid-state devices like SiPMs [7] or MRS (metal resistive semi-conductor) for 
photodetection [8]. For the purposes of this discussion, we will refer to these devices collectively 
as SiPMs. SiPMs are room temperature photo-diodes operating in the limited Geiger-mode with 
performances very similar to conventional photo-multiplier tubes, i.e. they have high gain (~ 106) 
but relatively modest detection efficiency (quantum x geometric efficiency ~ 15%). Not only is the 
signal obtained for minimum ionizing particles with these devices large (> 10 photo-electrons for 
our 5mm thick extruded scintillator strips), their small size (1mm x 1mm) and low bias voltage 
(30-80 V) implies that they can be mounted in or very close to the scintillator strips. Consequently 
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little light is lost since it does not travel large distances in the fiber to the photodetector, the need 
for interfacing to a clear fiber (connectors, splicing etc.) is obliterated and the quantity of fiber 
required is significantly reduced. Even more importantly, the generation of electrical signals, 
inside the detector, at, or close to the scintillator surface, eliminates the problems associated with 
handling and routing of a large number of fragile fibers. Our detailed investigations [9][10] into 
the characteristics of these photodetectors confirms their suitability for a dual purpose muon 
detector. Photographs of the silicon photomultiplier assembly are shown in Figure 6. While SiPMs 
are our preferred solution for the TCMT prototype we will remain active in evaluating the 
potential of new photodetector candidates such as the geiger mode avalanche photodiode [11] 
under development by our Colorado State collaborators. 
 

 

      Figure 6. Photographs of the silicon photomultiplier assembly. 
 

A plane of the tail-catcher muon tracker was recently operated (in October 2005) in an electron 
beam at DESY. Data from beam scans and LED pulsing is under analysis.  

Wayne State University 

The Wayne State University group is developing test and calibration methods for multi-anode 
photo-tubes and helps coordinate the work of the collaboration [12].  Light emitting diodes 
provide an inexpensive, time-controlled source of photons for calibrating and monitoring the gain 
of single-photon sensitive detectors.  We previously showed [13] that MAPMT gain can be 
measured from the anode charge distribution response to time-gated LED pulses. The charge 
distribution is analyzed as a Poisson distribution.  This technique requires no absolute calibration 
of the light source intensity and hence is suitable for in-situ calibration and monitoring for a muon 
detector system. 

Recently, we tested a variety of LEDs for their suitability as photon sources.  We used LEDs from 
Panasonic and Nichia producing red, orange-red and blue-green wavelengths.  We tested two of 
each type of diode to look for manufacturing variations. A typical single-anode MAPMT 
response, integrated over many oscilloscope sampling cycles, is shown in Figure 7. Note that for 
about half of the samples, the MAPMT produces a fast rise-time, narrow pulse. However, for the 
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other half of the samples, there is no response.  We established that it is the LED that does not 
respond.  The average number of photo-electrons is of order 40, based on the mean and variance 
of the MAPMT charge distribution. Thus, the Poisson probability for getting no electron is 
negligible.  All of the diodes we tested exhibited this behavior.  Our conclusion is that we can use 
Poisson statistics to analyze the charge distribution, providing we ignore the number of zero 
counts.  The fast pulse behavior we found for LEDs was a surprise to us and is apparently not 
widely known. 

 

 

Figure 7. MAPMT response (top) to LED pulse integrated over many samples. The bottom trace 
shows the timing gate used for charge measurement by a QVT multi-channel analyzer. 

Colorado State University 

Associate collaborators from Colorado State University are developing a geiger mode avalanche 
photodiode detector [11] in a package that will be compatible with the optical interface of our 
prototype system.  
 
FY2006 Project Activities and Deliverables  
 
In the next year, we will continue fabrication of prototype planes and tests with radioactive 
sources and cosmic rays. We plan to obtain a detailed understanding of the relative contribution to 
the multiple peak signal structure from the fluorescence decay time in the WLS fiber and 
reflections inside the scintillator. We will collect charge integral data from all the strips with 
sufficient statistics to measure the distribution of the mean number of photoelectrons. 
Furthermore, we will study the dependence of the mean number of p.e.'s on strip position and strip 
length for single and doubled-ended readout. We plan to test whether it is possible to route two 1.2 
mm diameter fibers to a single 2 mm X 2 mm photocathode cell. If detection efficiency is not 
degraded by this scheme, we could halve the number of photo-detector channels needed for strips 
with double-ended readout.  
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We plan to operate the prototypes in a test beam at Fermilab, before the March 1, 2006 accelerator 
shutdown, with additional operation after the shutdown.  A Memorandum of Understanding [14] is 
being submitted to Fermilab (concurrently with this proposal) for the 2006 Meson Test Beam 
Program.  

We plan to measure position and timing resolution using upstream tracking as a position reference 
and upstream beam counters as a time reference.  The tests are to study the performance of a set of 
four prototype muon detector modules.  The modules are each 1.25m x 2.5m and consist of 64 
strips of scintillator oriented at +/- 45 degrees to the edges of the module.  Thus far the group has 
tested two of the modules in Lab 6 using radioactive sources and cosmic rays.  The source does 
not accurately reproduce the energy deposition of a muon in the scintillator, and the cosmic rate 
rates are too low to map the response of the detectors at sufficient numbers of points on all the 
strips.  Thus we need to test in a beam to determine the strip-to-strip variation in efficiency and the 
average number of photoelectrons from the modules.  The test data will also provide important 
information about the position-dependence of the response along the strips.  Two of the modules 
have readout at one side of the counter and the other two have double-sided readout.  The tests 
will provide a quantitative answer to whether it is necessary to use double-sided readout or not. 
 
For the TCMT, the design of the absorber stack and table has been developed in collaboration 
with Fermilab mechanical engineering. The design foresees the welding of the steel absorber 
plates to a frame which also doubles as a lifting fixture. This structure will be then  placed on top 
of a table capable of forward-backward and left-right motion with the help of Hillman rollers. The 
stack will have the capability of being rotated by 900 for taking normally incident cosmics during 
beam downtime. The electronics crates will be attached to the stack to keep the cable lengths to a 
minimum. The drawings for the absorber stack and table are ready and construction needs to 
commence soon. We have already located (Fermilab scrapyard) and reserved most of the absorber 
plates required for the TCMT. Significant  processing in the shape of flame cutting, welding etc. 
will however be required. Only a couple of plates will have to be bought outright. All sixteen 
cassettes have been mechanically assembled and are waiting for photodetector delivery to be fully 
instrumented. This is scheduled to happen in Spring of 2006. 
 
We will develop an integrated design to allow placement in the stack of either SiPM or MAPMT 
readout planes and their associated electronics. 
 
We will calibrate the gains of all MAPMTs and develop a common calibration platform for 
MAPMTs and SiPMs. Response of  both types of detectors to WLS light will be compared. 
 
We plan to investigate the properties of WLS fibers doped with newly developed fast decay time 
fluors. 
 
Simulation studies will continue towards establishing the efficiency and purity for a barrel 
detector with and without an instrumented flux return detector. We would like to begin simulation 
of the endcap detectors.  
 

FY2007 Project Activities and Deliverables  
 
On the time scale of 2-3 years, we hope to have well-established performance data from beam 
tests as well as realistic estimates from simulation studies of efficiency and purity for both barrel 
and endcap detectors.  



 11

Also, on the time scale of 2-3 years, we want to compare the performance of multi-anode photo-
tube readout with the emerging solid state technologies employing avalanche photo-diodes and 
silicon photomultipliers. Of particular interest are the photo-electron yield, noise rate, and time 
accuracy. Unique requirements on the WLS fiber may be required for each type of optical 
detector.  

We want to develop (or adapt) a dedicated readout chip (application specific integrated circuit) 
that measures both time of arrival and integrated charge. The Fermilab schedule calls for test beam 
operation in 2007 with a full EM and hadronic calorimeter with tail-catcher. We will explore the 
possibility for a common readout architecture between the Si-PMT's used for the tail-catcher and 
the muon system.  

We expect to establish techniques for mechanical support systems, optical fiber splicing, routing 
of fibers and the interface between the scintillator and the various types of photodetectors.  

We plan to establish realistic cost estimates for construction, testing and installation of an ILC 
muon detector system.  
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Budget and Justification 
 
Currently our progress is limited by lack of personnel. The university groups have no external 
funding for students, support staff (engineers and technicians) or physicists (postdocs and research 
scientists). The universities have provided personnel through their own, limited institutional 
funding. We cannot answer questions 1-3 without enough personnel to operate the equipment, 
analyze the data and perform computer simulations.  

 
Indiana University 
 
Funds are requested for 6 months salary each year for research physicist Robert Abrams.  He will 
lead the test beam effort at Fermilab.  Travel support is requested for Abrams and P.I. Van Kooten 
for trips to Fermilab and an ILC conference. 
 
ITEM 2006 2007
   
Other Professional $21,420 $21,956 
Graduate Student   
Undergraduate Student    
Total Salaries and Wages $21,420 $21,956 
Fringe Benefits $  6,623 $  7,008 
Graduate Student Fee Remission   
Total Salaries, Wages and Benefits $28,043 $28,964 
Equipment   
Total Travel $  4,000 $  4,000 
Materials and Supplies   
Other Direct Costs   
Total Direct Costs $32,043 $32,964 
Indirect Costs (26% of MTDC) $  8,331 $  8,571 
Total Direct and Indirect Costs $40,374 $41,537 
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Northen Illinois University 
 
In 2006, the major item requested is technician labor to assemble the absorber stack at the 
Fermilab test beam.  In 2007, the major item is support for a graduate student who will take major 
responsibility for detector operation with the test beam and subsequent data analysis.  
 
ITEM 2006 2007
   
Other Professional   
Graduate Student  22,000 
Undergraduate Student    
Total Salaries and Wages  22,000 
Fringe Benefits   
Graduate Student Fee Remission   
Total Salaries, Wages and Benefits  22,000 
Equipment $ 5,000 3,000 
Total Travel $ 1,500 1,500 
Materials and Supplies   
Other Direct Costs $ 15,000  
Total Direct Costs 21,500 26,500 
Indirect Costs (26% of MTDC) 4,300 10,500 
Total Direct and Indirect Costs 25,800 37,000 
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University of Notre Dame 

Support is requested for 50% of the salary of one technician, Mr. Mike McKenna.  Mr. McKenna 
is a skilled technician with more than 25 years of experience working in particle physics. He has 
worked the majority of his career (more than 20 years) at Fermilab and is now a member of the 
Notre Dame HEP group.  We also request support for 25% of a single graduate student to work 
summers on detector construction, and later, data analysis.  Equipment funds are needed to 
constuct the various tables, jigs, transports and other apparatus needed for detector assembly.  
Finally, a small amount of travel funds are budgeted to cover the cost of transportation of 
materials between Notre Dame and Fermilab. 

 
 
ITEM 2006 2007
   
Other Professional $30,000 $30,000 
Graduate Student $  5,000 $  5,000 
Undergraduate Student    
Total Salaries and Wages $35,000 $35,000 
Fringe Benefits (20% of other prof.) $  6,000 $  6,000 
Total Salaries, Wages and Benefits $41,000 $41,000 
Equipment $  6,000 $  4,000 
Total Travel $  2,000 $  2,000 
Materials and Supplies   
Other Direct Costs   
Total Direct Costs $49,000 $47,000 
Indirect Costs (26% of MTDC) $11,180 $11,180 
Total Direct and Indirect Costs $60,180 $58,180 
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Wayne State University 
 
Salary support is requested for 2 months per year for Research Engineer Alfredo Gutierrez in 
support of MAPMT and SiPM instrumentation and testing.  He has 10 years experience with 
computers and electronics for high energy physics experiments and has 3 years experience with 
MAPMT work for this project. 
 
Support is requested for a graduate student for 1 academic term and during the summer, each year, 
to peform calibration measurements, take data using the prototype modules at Fermilab and to 
analyze the data.  
 
Travel support is requested for 2 1-week trips to Fermilab for the student, 4 trips of 2 days each to 
Fermilab for the P.I. and for travel to a domestic and international conference for the P.I. 
 
Funds are requested to purchase 2 MAPMTs and 2 SiPMs and associated electronics components 
per year to develop calibration and monitoring procedures for the prototype modules. Minor costs 
are also included for shipping of materials. 
 
 
ITEM 2006 2007
   
Other Professional $  8,843 $  9,020 
Graduate Student $12,239 $12,484 
Undergraduate Student    
Total Salaries and Wages $21,082 $21,504 
Fringe Benefits (26.4%) $  5,566 $  5,677 
Graduate Student Fee Remission $  3,948 $  4,027 
Total Salaries, Wages and Benefits $30,596 $31,208 
Equipment   
Total Travel $  6,500 $  6,500 
Materials and Supplies $  8,300 $  8,300 
Other Direct Costs   
Total Direct Costs $45,396 $46,008 
Indirect Costs (26% of MTDC) $10,776 $10,915 
Total Direct and Indirect Costs $56,172 $56,923 
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Project Total Cost 
 
ITEM 2006 2007
   
Other Professional $60,263 $60,976 
Graduate Student $17,239 $39,484 
Undergraduate Student    

Total Salaries and Wages $77,502 $100,460 
Fringe Benefits (26.4%) $18,189 $18,685 
Graduate Student Fee Remission $3,948 $4,027 

Total Salaries, Wages and Benefits $99,639 $123,172 
Equipment $11,000 $7,000 
Total Travel $14,000 $14,000 
Materials and Supplies $8,300 $8,300 
Other Direct Costs $15,000  

Total Direct Costs $147,939 $152,472 
Indirect Costs (26% of MTDC) $34,587 $41,166 

Total Direct and Indirect Costs $182,526 $193,640 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 17

References 
 
[1] Gene Fisk, talk at SiD Meeting, 16-17 December, 2005, 
http://nicadd.niu.edu/cdsagenda//fullAgenda.php?ida=a05107
 
[2] Mitchell Wayne, talk at Snowmass, 25 August, 2005,  
http://alcpg2005.colorado.edu:8080/alcpg2005/program/detector/MUON_PID/
 
[3] Robert Abrams, talk at Snowmass, 25 August, 2005, 
http://alcpg2005.colorado.edu:8080/alcpg2005/program/detector/MUON_PID/
 
[4] Gerry Blazey, talk at Snowmass, 14 August, 2005, 
http://nicadd.niu.edu/presentations/TCMT_Snowmass_Aug2005.pdf
 
[5] A. Dyshkant et. al,''FNAL-NICADD Extruded Scintillator'', FERMILAB-CONF-04-216-E. 
 
[6] A. Dyshkant et. al, ''About NICADD Extruded Scintillating Strips'',  
FERMILAB-PUB-05-010-E. 
 
[7] B. Dolgoshein et. al, NIM A504:48-52, 2003. 
 
[8] Gerry Blazey, talk at SLAC, 18 March, 2005, 
http://nicadd.niu.edu/presentations/SLAC_LCWG_2005full.pdf 
 
[9] A. Dyshkant et. al, ``Investigation of a Solid-State Photodetector”, NIM A545:727-737, 2005. 
 
[10] A. Dyshkant et. al, ``The MRS Photodiode in a Strong Magnetic Field”,  
FERMILAB-TM-2284. 
 
[11] R. Wilson et. al, ``Development of Geiger-mode Avalanche Photodiodes”. 
 
[12] Paul Karchin, in proceedings of DPF meeting, UC Riverside, 28 August, 2004, 
https://wiki.lepp.cornell.edu/wws/bin/view/Projects/MuonWayneScint

[13] Paul Karchin, talk at Victoria, July 29, 2004, 
https://wiki.lepp.cornell.edu/wws/bin/view/Projects/MuonWayneScint

[14] Memorandum of Understanding for ILC Muon Detector Tests, draft, 
http://hep6.physics.wayne.edu/~karchin/lcrd/MOU_ILC_Muon_Tests_2.pdf 

 

http://nicadd.niu.edu/cdsagenda//fullAgenda.php?ida=a05107
http://alcpg2005.colorado.edu:8080/alcpg2005/program/detector/MUON_PID/
http://alcpg2005.colorado.edu:8080/alcpg2005/program/detector/MUON_PID/
https://wiki.lepp.cornell.edu/wws/bin/view/Projects/MuonWayneScint
https://wiki.lepp.cornell.edu/wws/bin/view/Projects/MuonWayneScint

	Status Report
	University of Notre Dame
	FY2007 Project Activities and Deliverables
	Budget and Justification
	Indiana University
	Northen Illinois University
	Funds are requested to purchase 2 MAPMTs and 2 SiPMs and ass

