
 
Digital Hadron Calorimetry for the Linear Collider using GEM based Technology 
University of Texas at Arlington, University of Washington 
 
Personnel and Institutions requesting funding 
Andrew Brandt, Kaushik De, Jia Li, Mark Sosebee, Andy White*1, Jae Yu*2, Tianchi Zhao 
1 GEM detector contact: awhite@uta.edu, (817) 272-2812, (817) 272-2824 (FAX) 
2 Simulation & Software contact: yu@fnal.gov, (817) 272-2814, (817) 272-2824 (FAX) 
 
Collaborators 
ChangHee Hahn, Changwon National University, Korea 
 
Project Leader 
Dr. Andy White 
awhite@uta.edu
(817) 272-2812 
 
Project Overview 
The goal of this project is to develop the implementation of digital hadron calorimetry for future 
Linear Collider detectors using Gas Electron Multiplier technology [1].  This is a critical and 
essential development for future experiments that will rely on the Particle Flow Algorithm (PFA) 
approach to achieve the required jet energy and jet-jet mass resolution. Figs. 1 and 2 show 
schematics of this approach. 
 

 

-2100V 

∆V ~400V 

∆V ~400V 

0V 

 
Fig.1 Schematic of double-GEM detector                                Fig.2 GEM-DHCAL Concept          

 
The ionization signal from charged tracks passing through the drift section of the active layer is 
amplified using two-stage GEM foils. The amplified charge is collected at the anode, or readout 
pad layer, which is at ground potential. This layer is subdivided into the small (~1cm x 1cm) 
pads needed to implement the digital approach. The potential differences required to guide the 
ionization are produced by a resistor network with successive connections to the cathode, both 
sides of each GEM foil, and the anode layer. The pad signals are amplified, discriminated, and a 
digital output produced. The GEM design allows a high degree of flexibility with, for instance, 
possibilities for microstrips for precision tracking layer(s), variable pad sizes, and optional, 
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initial ganging of pads for future finer granularity readout if required by cost considerations. 
Fig.2 shows how the GEM approach is incorporated into a digital calorimeter scheme. 
 
Status Report 
In order to be able to design a hadron calorimeter system based on GEM technology, we need to 
establish the basic characteristics (signal sizes, efficiency, hit multiplicity, magnitude and 
frequency of crosstalk, rate capability) of GEM chambers with small anode pads, to develop the 
capability to make large area GEM foils, and to be able to reliably simulate the behavior of our 
prototypes. We constructed and learned how to reliably operate small GEM chambers, and 
obtain some initial results. In FY05 we made a number of essential measurements with our small 
chambers, have obtained and characterized our first large-area GEM foils, and have produced a 
first round of simulation results. This work is described in the following sections. 
 
Results from GEM prototypes 
We have continued to make measurements using our small GEM prototype. A view of a 
prototype is shown in Fig.3. The 3 x 3 array of 1cm2 anode pads is shown in Fig.4. Signal 
amplification is achieved using QPA02 chips from Fermilab (originally developed for readout of 
a silicon-based detector). We initially used an Ar/CO2 70:30 gas mixture and obtained gain 
values close to those measured by the GDD group at CERN [1]. However, we have recently 
changed to an 80:20 mixture, which yields signals about three times larger for the same potential 
across the foils and has not caused any deterioration in chamber performance or stability. 
 

 
 

          Fig.3 10cm x 10cm prototype                                                      Fig.4  Anode pad layout 
 

Efficiency measurement 
To measure the efficiency of our prototype we used cosmic rays at essentially normal incidence. 
In order to guarantee that a track passed through the central region of the anode array (the central 
pad or the inner part of one of the surrounding pads), we had to move the top trigger counter out 
to about 1m away. This, of course, meant a low rate for accumulating data. The physical 
separation of the anode pads is 250μm. However, this gap should not lead to a loss of efficiency 
as the field lines, and hence the electrons, all end on one of the copper pads. With a 40mV 
threshold (compared with a typical average signal size of 200mV after amplification) we obtain 
an efficiency of 94.6% after trigger counters were arranged to guarantee hitting the pads - see 
Fig. 5. As discussed below, this is in good agreement with the expectations from our simulations. 



                 Fig.5  Efficiency results                                     Fig.6  Setup for multiplicity measurement 
 
Hit multiplicity measurement 
To measure the hit multiplicity on our 3 x 3 pad array, we used a Sr-90 source, collimated so that 
the decay electrons hit the central pad region only as shown in Fig.6. A cosmic ray veto also 
covered the complete area of the pad array. The thresholds on all nine channels were set to the 
40mV value that gave the 94.6% efficiency described above. The hit multiplicity is the ratio of 
the number of hits in all nine pads to the number of hits on the central pad. We obtained a value 
of 1.27, giving the GEM technology an advantage over, for example, RPC’s for which a hit 
multiplicity in the range 1.6 – 1.7 has been measured [9]. 
 
Development of large-area GEM foils 
In FY05 we have worked with 3M Corporation to specify, produce, and test 30cm x 30cm foils. 
This was a precursor to producing the 1m x 30cm foils needed for a GEM-DHCAL test beam 
module. The 30cm x 30cm size was mainly dictated by the available etch window of the 3M 
reel-to-reel flex circuit production process. The Electronics Solutions Division of 3M that we 
have been working with had previously made circular GEM foils of various sizes for colleagues 
at Purdue University for TPC studies. Over a period of a month we evolved a detailed design, 
finally resulting in the production of a roll of 80 30cm x 30cm foils, each with 12 high voltage 
segments. A view of one of the first foils is shown in Fig. 7, and a high magnification view of a 
section of foil is shown in Fig. 8. We experienced some initial problems with the delivery of the 
foils: due to an unfortunate choice of plastic film separators between the foils, a large area of 
surface staining was present on each of the initial 30 foils. 3M took back these foils and have 
recently delivered another 30 foils with clean surfaces. 
 
As a service to some of our colleagues, we are also supplying at cost a number of foils to 
U.Victoria (for tracking studies), Louisiana Tech. U. (also for tracking studies), U.Washington (a 
collaborator on this proposal), and Changwon National U. and Tsinghua U. (for general GEM 
studies). 
 
We have made initial measurements of the currents drawn when various potential differences 
were applied across each high voltage sector on each foil. We established a procedure to be 
followed by our undergraduate students testing the foils. We defined a foil to be acceptable if it 
passed visual inspection, and if all HV sectors drew a current less the 10nA after 30 seconds. 
 



                                                                     
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7  New 30cm x 30cm 3M GEM foil                               Fig.8  Magnified section of new 3M foil  
 
Possible alternative approach to standard GEM foils 
We have been considering a potentially interesting alternative to the standard GEM foil 
technology. Recent work [2] has shown that a so-called “thick-GEM” (THGEM) can, in a single 
layer, achieve multiplication levels typical of at least a double-GEM device. A THGEM is 
essentially a circuit board, clad with copper on both sides through which holes have been drilled. 
A typical configuration might be a 0.4 mm thick board with 0.3 mm diameter holes spaced 1 mm 
apart. An example [2] is shown in Fig. 9 and gain results in Fig. 10. 
                                                                    

        
Fig.9  Magnified section of thick GEM                                       Fig.10 THGEM gains   

 
Since in our application we use rather large pads (compared say with a microstrip tracker) the 
sparser array of holes should not be an issue. Use of this approach could save about 0.5 mm in 
radial space per layer of the hadron calorimeter, or 2cm overall for 40 layers. With the detector 
costs scaling as +$12M/mm increase of the superconducting coil radius, this could be a 
significant cost saving. 
THGEM’s can potentially be made using a laser drilling technology, although this may limit the 
hole diameters to about 0.2 mm. Smaller holes can be drilled at the rate of about 18,000/minute. 
In order to allow the safe use of high potentials across the THGEM’s, avoiding discharges, it is 
desirable to etch away some copper from around each hole after drilling. This can be achieved by 



the use of standard etching techniques, with care being taken to co-center the drilled and etched 
holes.  
An interesting possibility for the hadron calorimeter is to shape the THGEM boards to provide a 
true cylindrical geometry. This may have certain advantages in reducing the problems associated 
with calibration and the setting of discrimination levels for the digital calorimeter since more 
radial tracks would cross the active gaps at close to normal incidence. 
We therefore propose to evaluate this alternative approach. We have received some small 
THGEM samples from colleagues at the Weizman Institute. We will also have our own THGEM 
made locally and compare their characteristics and cost of fabrication with standard GEM foils. 
 
Assembly of large area GEM detectors 
We will assemble five 30cm x 30cm double-GEM chambers. The first step is to mount the GEM 
foils on frames. The frames, made of FR4, were designed at UTA following an initial design by 
Dean Karlen, U.Victoria. They were made for us at Lab 8, Fermilab on their Thermwood 
machine and kindly paid for by our ILC colleagues at Fermilab. The design of the 1 mm frame is 
shown in Fig. 11. The foils will be stretched, then mounted, on the frames using the transfer jig 
shown in Fig.12. A schematic of the layer assembly for the chambers is shown in Fig. 13.  
 
                                                                                  
 
 
 
 
 
 
 
 
 
 

The anode boards will have the usual 1cm x 1cm segmentation, with readout traces taken from 
plated-through holes on the reverse side to the edges of the boards, as shown in Fig.14. This 
arrangement, together with three preamp boards per detector will allow us to read out an 8 x 8  

            Fig.11 Frame for 30cm x 30cm foils                             Fig.12 Transfer jig for framing foils 

array of anode pads per chamber.                                                                    

                
      Fig.13 30cm x 30cm chamber assembly                           Fig.14 Anode board for 30cm x 30cm 



Readout of the Large Area GEM Chambers 
For our 10cm x 10cm prototypes we have used a 32-channel board based on the QPA02 chip, 
originally designed at Fermilab for silicon detector readout. Fermilab PPD has kindly handled 
the production of twenty more of these boards for us – sufficient for 96 channels for each of the 
30cm x 30cm chambers, plus spares. We have developed and made adapter boards to allow the 
plane of the readout boards to be parallel to the plane of the chambers, in turn allowing the five 
chambers to be stacked close together if needed. 
 
The University of Washington group has worked on the DAQ system planning for the GEM 
chamber cosmic ray test stack. The role of the DAQ system is to receive output signals from 
preamplifier cards based on the Fermilab QPA02 ASICs that amplifies the signals collected on 
the pads of the GEM chambers, discriminate the signals and send the digitized signals to a 
computer. Given the limited funding for this project, modifying and reusing an existing system 
was considered. For this, we have investigated two possible solutions. The first solution is to 
reuse the MWPC front end cards that the UW group built for a Fermilab experiment in the late 
1980s. If we reuse these cards, modules for data control and interfacing with the computer will 
be needed. The second solution involves using DAQ cards built for the muon system of the 
BESIII detector in Beijing. The IHEP in Beijing has agreed to supply enough cards for our 
cosmic ray test at a minimum or no cost. We have been in contact with them and expect to 
receive these cards in January 2006. We will need to do some tests to determine which solution 
is best suited for the GEM cosmic ray stack test.  
 
The IHEP DAQ system consists of two parts: front end cards (FECs), see Fig. 15, and control 
modules (NIM format). Each FEC has 16 discriminators with software selectable thresholds. 
Each card has a FPGA that receive and store the data locally. A maximum of 16 cards can be 
daisy chained and the data stored in these cards can be sent to the control module in serial. The 
control card has a USB port. A DAQ sequence is initiated by an external trigger and the data 
from the control module is sent to the computer via a USB cable.   
 

 
 
. 
Our GEM cosmic ray stack will have 480 channels that require 30 FECs and 2 control modules. 
The FECs are designed to be mounted on the edges of detectors. We will need to design 
mounting frames for these cards.  Cables and power supplies are also needed. The DAQ software 
is written based on Delphi and Windriver development platforms. We may need them to modify 
the DAQ software to meet our needs. 

Fig.15 The layout of the FEC card 

 
Simulation Studies  
The UTA group has successfully implemented a double GEM layer geometry into the existing 
Mokka [3], a GEANT 4 [4] based simulation package, replacing the scintillation counter 



sensitive layers in the TESLA TDR hadronic geometry (stainless steel/ scintillation counter) with 
the double GEM layer structure.  We retained all other detector structure the same as in TESLA 
TDR detector design [5].  In order to optimize computer CPU resources, we have implemented a 
simplified version of the GEM instead of detailed geometry introducing a new composite 
material, GEM.   A comparison using single 75 GeV pion events shows virtually identical energy 
deposit in half the CPU time for the simplified mixture version compared to a detailed geometry 
of a double GEM structure. Based on this study, we have decided to use the simplified geometry 
for further studies. 
Using the established simulation and analysis software, we have completed the study of double 
GEM based calorimeter performances in analog and digital readout modes with a realistic 
threshold value at 98% of a MIP, using single pion samples whose energies range from 5 GeV to 
100 GeV.   The intrinsic gain of the double GEM sensitive layers was chosen to be 3000, the 
value measured from our prototype, which is within 15% of other measurements.  The results 
from these studies have been compared to TESLA TDR detector performance studies based on 
Mokka. The resolution obtained from our studies of TESLA TDR detector is consistent with 
results from other studies, if an energy-independent EM and Hadronic relative normalization 
factor of 0.65 is used.  
We used the same data set generated for the analog studies of GEM calorimeter to perform 
digital studies.  Fig.16.a shows a profile plot of E vs N for hit-to-energy-deposit conversion.   

 

Figure 16.  (a) A profile plot of energy deposit vs number of cells hit used for hit-to-energy
conversion.  (b) A scatter plot of energy deposit.  A saturation at the higher energy
deposit is apparent. 

 
Fig.16.b shows the scatter plot of energy vs number of hits, which demonstrates the linearity of 
the detector in its digital readout mode. As expected saturation in the number of cells hit begins 
to appear at the higher energy deposits due to larger energy densities in a cell.  It has been 
observed in our study that 85% of the cells are hit once for 5 GeV single pion showers while this 
fraction decreases to 74% for 100 GeV single pion showers.  A study of number of hit cell vs 
layer number for 50 GeV pion shows that it directly mimics the energy deposit distribution along 
the layer, providing direct evidence and confidence that a GEM based calorimeter can be used as 
a digital calorimeter properly representing energy deposit of showers. We used the number of hit 



cells versus energy deposit to extract the hit-to-energy-deposit conversion factor for digital 
readout mode analysis. 

More sophisticated procedure for fitting the responses from EM and Hadronic components had 
to be developed to accommodate the changes in energy deposit distributions for analog and 
digital modes.  The energy deposit measured in analog mode shows a remaining large tail due to 
Landau fluctuations. These large fluctuations are suppressed in digital mode since the tail on 
higher energy deposit within a cell is still counted as one hit forcing the distribution Gaussian. 
Figs. 17.a and b show distributions of energy deposit by 50 GeV pions for analog and digital 
modes, respectively. 

Figure 17. Energy deposit of 50 GeV pions (red circles) in GEM DHCAL (a) in analog and (b) in
digital modes. (c) Energy deposition of a 50GeV muon (red histogram) and the cut efficiencies as a
function of discriminator threshold (dark red).   

Fig. 17.c shows the energy deposit of a 50 GeV muon in the GEM  calorimeter (red histogram) 
and the MIP efficiency as a function of discriminator  threshold (dark red). The arrows indicate 
the threshold and the corresponding efficiency. From this study we find that 0.23 MeV for muon 
energy deposit gives 95% MIP efficiency. The performance of GEM DHCAL with thresholds 
has been completed without incorporating realistic noise measurements. The above studies of 
GEM DHCAL performance were carried out by two Master's students.  The results from the data 
analysis have been documented in S. Habib's [6] and V. Kaushik’s Master's theses [7]. 
Performance studies show that GEM calorimeter responses for analog and digital are very closed 
to each other as we expected. Fig. 18.a shows single pion energy resolutions for GEM DHCAL 
(green) which is comparable to the TESLA TDR [5] detector (red) except at low energie.  The 
single pion energy resolution of the GEM digital calorimeter is comparable to that of TESLA 
TDR and other detector studies (black triangles) for most the energy ranges except at low 
energies.  This is reflected in the resolution function as the digital mode showing larger sampling 
terms (~70%) with relatively smaller constant term.  On the other hand, the GEM analog mode 
resolution is significantly worse than other detectors or than the digital modes. This behavior is 
caused by the large remaining Landau fluctuation in energy deposit as discussed above. Figure 
18.b compares the jet energy resolution for GEM DHCAL using a “perfect” PFA (blue), which 
has a sampling term of 30%/√E, to other detector technologies, using the single pion energy 
resolution obtained for GEM DHCAL. This study clearly demonstrates the potential of PFA with  
 



Figure 18 (a) GEM DHCAL single pion energy resolution. (b) GEM DHCAL jet energy resolution 
using a PFA. 

 
 
GEM DHCAL to achieve the excellent jet energy resolution required by the physics program at 
the ILC.   
In order to make the transition to the next level of simulation, it was necessary for us to convert 
the simulation package into a version that would produce output in LCIO format, commonly 
used in the ILC community. We have therefore been working on implementing an upgraded 
Mokka simulation package. The energy resolution with this new package shows a slight 
improvement in its sampling term compared to previous studies, expected from recent GEANT4 
changes. We have also been working with N. Graf and others on the SiD concept to implement 
GEM into the latest SiD geometry to carry out PFA development. We have requested samples of 
single and double pion events and single electron events from SLAC for this work. 
 
FY2006 Project Activities and Deliverables 
 
Completion of the 30cm x 30cm GEM chambers 
We have taken delivery of the new 3M large GEM foils and must first finish testing them prior to 
use in chamber assembly. These tests should be completed in 2-3 weeks. We also hope to have 
similar test results from our colleagues sharing the foils at other institutions. Assuming that most 
of the foils check out satisfactorily, we will mount ten of them on to frames. We have also just 
received the anode printed-circuit boards for the new chambers. Following some more tests of 
assembly procedures, we will build five double-GEM chambers. This will take about two months 
to complete.  
 
Testing of individual chambers 
Prior to setting up a stack of five chambers we will characterize individual chambers. We will 
assess our ability to make chambers with a common performance in terms of uniformity of gain, 
efficiency, and hit multiplicity across their active areas. These tests will use both radioactive 
source(s) and cosmic rays, following our earlier tests on 10cm x 10cm prototypes. 
 
Cosmic ray tests with five chamber stack 
As a precursor to finding tracks in a calorimeter stack, we will arrange the five 30cm x 30cm 
chambers in a vertical stack for use with cosmic rays. The stack will be used to examine and 
produce results on the following items: 



- Single cosmic tracks hit patterns.  
- Hit multiplicity (vs. simulation) 
- Signal sharing between pads (e.g. vs. angle) 
- Efficiencies of single double-GEM counters  
- Effects of layer separators 
- Operational experience with ~500 channel system 
- Possible test-bed for ASIC’s when available – rebuild one or more DGEM chamber 
 
We expect to spend several months on these tests and their interpretation in mid-2006. 
 
Possible beam tests with 5 chamber stack 
We have the possibility of testing the five chamber stack (maybe starting with a single chamber) 
at the Fermilab MTBF (Meson Test Beam Facility). This would extend the tests with cosmic rays 
and give us valuable experience with MTBF for the planned full 1m3 GEM calorimeter stack. 
There is also the possibility of taking up an offer from our Korean collaborators of using a low 
energy  electron test beam in Korea. The choice of facility and timing of these tests will be 
decided by practical considerations of schedule and availability in 2006.  
 
Development of  GEM foils 
For the assembly of 1m2 planes of GEM active calorimeter layers, we need 1m x ~30cm strips of 
GEM foils. Three such strips (doubled for DGEM chambers), each 30-33cm wide will then form 
an active layer of 1m2. We have already discussed the need for these long foils with 3M and, in 
principle, there is no great barrier to adapting their reel-to-reel production line to make them. We 
will pursue this in 2006 and address issues of registration and tolerance down the long strips. The 
goal is to have the first long strips available for prototype large chamber assembly in the second 
half of 2006. 
 
Investigation of THGEM’s 
We will first use the small THGEM samples from Weizmann to build small chamber(s) and 
reproduce the Weizmann results for our own education. In parallel we will investigate the 
production of THGEM boards using PCB manufacturers in the local Dallas-Fort Worth area. If a 
manufacturer(s) can be found that can make larger pieces of THGEM at a lower or competitive 
cost with the 3M foils, we will proceed to make larger chambers and evolve a DHCAL design 
based on this alternative technology. 
 
GEM chambers in 5T field simulation study 
We have created a simulation of a GEM foil in MAXWELL and verified the electric fields and 
the number of holes needed to avoid edge effects. The next step is to include the magnetic field 
and then use GARFIELD [8] to study the modifications to the trajectories of drifting electrons in 
the combined field vs. the electric field alone. We anticipate that this could lead to a shift in the 
center of the ionization collected at the anode pads. We will also search for indications of 
spiraling electrons around the magnetic field lines which could cause unwanted large signals. 
 
Further PFA development 
We will work on PFA development as part of the SLAC/Argonne effort within SiD. We will take 
on one or more Master’s student(s) to do the code development for the GEM-based version of 



the HCal. We will deliver performance study results for the complete SiD detector simulation 
with digital GEM-based DHCAL. This work will also extend into 2007 and beyond as 
refinements are made and further algorithm enhancements are made as we confront and solve 
problems such as cluster identification and track assignment, and neutral energy measurement. 
We are particularly interested in the issues related to the use of GEM active layers: the effects of 
low vs. high hit multiplicity, magnetic field causing offsets in charge deposition, digital threshold 
setting and relative (to scintillator) neutron insensitivity. 
 
Test beam stack simulation development 
We expect to participate in a testbeam experiment on the 2007 – 2008 time scale, contingent 
upon availability of funds.  The geometry for testbeam experiment must be implemented and the 
corresponding software for reconstruction and analysis must be developed ahead of the actual 
data taking. Currently, Northern Illinois University has developed a testbeam simulation 
package.  We plan to exploit the existing package and implement our GEM geometry into the 
system for the initial studies in the testbeam stack.  Studies will also have to be conducted to 
determine particle types, energy range and statistics for adequate precision for the testbeam 
needs. 
 
Develop trigger and timing system for Fermilab MTBF test beam 
As part of the plan to use the Fermilab MTBF for ILC calorimeter studies, UTA has agreed to 
work on the trigger and timing system. We will investigate the current trigger counters and 
available signals in relation to the readout needs of the various CALICE and SiD modules 
proposed for exposure at MTBF. There are issues of asynchronous running at MTBF vs. the 
synchronous environment at the ILC. If we expose our 30cm x 30cm chambers to the beam at 
MTBF, as described above, this will no doubt give us valuable input for trigger and timing 
modifications for future running. 
 
FY2007 Project Activities and Deliverables 
 
Assembly and testing of large (1m x 30cm) GEM planes 
We have made initial tests of the assembly procedure for the 1m x ~30cm planes. Fig.19 shows 
the result of one of these tests. We will further develop, and possibly semi-automate, this 
procedure in 2006 with the goal of completion at the time of the availability of the 1m x ~30cm 
foils from 3M discussed above. In 2007 we will assemble sufficient 1m x ~30cm planes to be 
confident in the procedure before beginning the work on the 1m3 stack. 
 

Fig.19  Mechanical test of large GEM layer assembly 



 
 
Start construction of 1m3 test beam stack – conditional on funding 
The principal task for the next three years (extending the scope of the current proposal) will be 
the construction and testing of a full size (1m3 ) GEM-based digital hadron calorimeter stack. 
This is an essential step in the development of linear collider detector technology, in order to (a) 
demonstrate the viability of this technique (in parallel with the scintillator and RPC-based 
approaches), and (b) make critical, energy density measurements with fine spatial resolution 
(~1cm), to tune GEANT4 as a reliable tool for PFA development. The testbeam stack will be 
built at UTA using the 1m x ~30cm GEM foils. There will thus be 3 double-GEM panels for 
each of the 40 layers. 
The 1m3 beam test module, if fully instrumented, requires approximately 400,000 readout 
channels assuming 1cm ×1cm readout pads. The Fermilab PPD electronics group is developing a 
64 channel ASIC that has an adjustable amplifier gain and can be used to readout both RPCs and 
GEM detector planes. This ASIC will receive signals from readout pads, discriminate signals, tag 
hits in time to facilitate shower reconstruction. It also has a serial I/O control, serial data output 
line and a trigger output as shown in the block diagram below. Each ASIC can readout a 8x8 
detector pad array. We currently envisage an arrangement that we will have 6 large multilayer 
printed circuit boards to readout a 1m2 detector plane.  Each board will host 24 front-end ASIC 
chips, as shown in Fig.20. 
 
  

Fig.20  Components of ASIC-based readout system 



Evaluation of the ASIC design has been started at Fermilab and Argonne. We will 
develop a front-end readout board design for the 30 cm x 30 cm double GEM chambers 
that we will construct in FY2006.This board requires 16 ASICs. When the GEM foil of 
final size (32 cm x 96 cm) becomes available in FY2006, we will extend the board size to 
48 cm x 32 cm and design a readout system for the 1 m x 1 m plane of the 1 m3 beam test 
module. We expect that the design of these front-end readout boards will be somewhat 
different for GEM and RPC in terms of some mechanical aspects. The work for prototype 
ASIC chip testing and the front-end readout board development work will be shared 
between UTA and UW. We will coordinate our effort for developing front-end boards for 
GEM with the RPC group at Argonne.  
For the beam test module, the output signals from the front-end boards will first be 
processed by the data concentrator boards and then sent to VME cards. These stages of 
the readout system will be identical for both GEM and RPC. 
Funding for this large-scale test is being sought from other sources. 
 
Develop design of hadron calorimeter for SiD based on GEM-DHCAL 
As UTA has been working with the SiD detector concept, in 2007, we will complete an 
initial design study for a full GEM-DHCAL system for SiD. We will address issues such 
as the minimization of chamber boundaries (dead areas), minimization of active layer 
thickness, mechanics and FEA of a GEM-based stack, absorber choice, total depth of the 
ECal+HCal system, digital readout signal routing at the module level, HV and LV 
supplies, and the gas system. 
 
Budget Justification: University of Texas at Arlington 
 

Item FY2006 FY2007 Total
Other professionals 22050 22932 44982
Graduate Students 21600 22464 44064
Undergraduate Students 0
Total Salaries and Wages 43650 45396 89046
Fringe Benefits 16335 16988 33323
Total Salaries and Wages, Fringe 59985 62384 122369
Equipment 10000 5000 15000
Travel 8000 8000 16000
Material and Supplies 5000 5000 10000
Other direct costs 0
Institution 2 subcontract 29736 29736 59472
Total direct costs 112721 110120 222841
Indirect costs 35033 36185 71217
Total direct and indirect costs 147754 146305 294059

 
 
 
 
 
 
 
 



 
This budget includes: 

- 0.5 Postdoctoral Associate for each year – Dr. Jia Li who has done all the 
detailed design work on this project and has been responsible for building and 
testing the prototypes. 

- A graduate student for each year to work on both the component and 
prototype testing and the development of simulation code 

- The fringe rate for the postdoc is 30% and for the graduate student it is 45% 
- Equipment funds, split over the two years, to allow the assembly of a cosmic 

ray test stand for the 5 chamber stack, and the development of full size active 
layers. 

- Travel to allow participation in LCWS conferences, CALICE and SiD 
meetings and work on the test beam at Fermilab. 

- Materials and supplies for the purchase of an initially small number of long 
GEM foil strips and other materials necessary to assemble the prototypes 
described here. 

- UTA indirect costs are at a rate of 48%. 
 
Budget Justification: University of Washington 

Item FY2006 FY2007 Total
Other professionals 12000 12000 24000
Graduate Students 0 0 0
Undergraduate Students 0
Total Salaries and Wages 12000 12000 24000
Fringe Benefits 3600 3600 7200
Total Salaries and Wages, Fringe 15600 15600 31200
Equipment 0 0 0
Travel 4000 4000 8000
Material and Supplies 4000 4000 8000
Other direct costs 0
Total direct costs 23600 23600 47200
Indirect costs 6136 6136 12272
Total direct and indirect costs 29736 29736 59472

 
This budget includes: 

- Two months engineer salary to work on the readout/DAQ system 
- Fringe at a 30% rate. 
- UW off-campus indirect cost at 26% rate. 
- Travel to UTA, 2 weeks each time working on cosmic ray testing 
- Materials, software and supply for DAQ system 
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