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Project Overview

A TPC for large radius tracking complimenting a silicon vertex detector in the inner radius
is a potential solution for tracking at the ILC. However such a TPC requires a larger number
of radial measurements with better point and two-hit resolution than is typical of TPCs with
MWPC readout. Consequently much R&D is going into alternative gas amplification and
readout technologies based on GEMS or Micromegas.

Micromegas are recognized as having a number of potential advantages: high gain (∼ 104),
amplification field ~E parallel to the axial ~B, fast (∼ ns) signal rise-times, highly uniform
gain, and limited ion feedback 1. A number of methods for producing Micromegas-based
detectors are being pursued, for example a pixel sensor with integrated grid in an all silicon
process. In these processes the Micromega mesh is created by electro-deposition. These
methods are generally very complex technically and are therefore difficult to manufacture for
large detectors.

Here we propose to follow a simpler approach based on inexpensive, commercially available
woven wire mesh. Wire micronic (“cloth”) mesh (1 mil wires with 400 wires/inch) is available
in bulk (roll) quantities in various metals (e.g. Fe, Cu, Ni, Au) at very low cost (for example,
< $20/square foot from TPW Inc., Berkeley CA). (See Figure 1.) This technique has been
demonstrated and proposed for solar neutrino detection2. Here, the mesh is stretched and
suspended over an anode board with 50µm spacers made by conventional lithography. A
further innovation which greatly simplifies the fabrication, is to first laminate the mesh onto
the anode board which has been covered with a photo resistive film which is later etched
to produce the spacers 3 . In both these studies, the signal was read off of the mesh. We
would like to replicate this fabrication technique, producing anodes with copper pads and
interconnects to allow the attachment (by wire or bump bonding) to readout chips on the
back. We propose to use the Atlas pixel ASIC that is currently being re-optimized for TPC

1Nucl.Instrum.Meth.A535:226-230,2004
2Nucl. Instrum.Meth.A500”133-143,2003)
3I Giomataris et al., “Micromegas in a Bulk”,arXiv.org:physics/0501003
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Figure 1: Micronic Mesh: 1 mil wires with 400 wires/inch

readout at LBNL. This proposal is therefore in collaboration with the LBNL group of M.
Battaglia, which is carrying out R&D on VLSI readout of micro-pattern gaseous detectors
using the Atlas pixel chip. (The LBNL activity is carried out in collaboration with CERN,
Purdue and NIKHEF.)

There are additional advantages of this approach beyond the ease and cost of fabrication
already discussed and the obvious advantages of mechanical simplicity. The fabrication pro-
cess decouples the production and testing of the ASIC from that of the anode boards which
has numerous advantages. The mass of the readout plane should be minimal. Furthermore,
anode boards produced by standard lithography can be produced with any desired readout
pattern. For example, smaller pixel-pads can be used at the inner radius to improve forward
tracking.

There are a number of R&D items beyond the development of the fabrication technique that
we hope to address. A major concern is the reported occurrence of breakdown and static
discharges across the amplification gap. To address this issue we propose to study breakdown
frequency for various gas mixtures and amplification gaps. Less critical but important con-
cerns are the minimization of potential dead regions (due to the spacers) and minimization
of material, while maintaining a uniform amplification gap and overall mechanical integrity.
Other issues are the electrical properties of the readout plane, compatibility with the ASIC,
and the attachment of the ASICs.

Broader Impact

The University of New Mexico is a Minority Institution in a majority-minority state. For ex-
ample, the racial makeup of Albuquerque’s public schools is 52% Hispanics, 11% Native Amer-
ican, and 34% White. For disadvantaged students, the University of New Mexico provides a
tremendous opportunity. In this proposal we have requested support for one undergraduate
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per semester. This will provide one or two students with an opportunity to do particle detec-
tor research and expose them to state-of-the-art hardware and software techniques in particle
physics. This fits into a broader commitment within the Department of Physics to enhance
the quality of our undergraduate program by providing research experience to as many of our
undergraduates as possible.

The detector technology proposed here has promising applications to other areas of physics,
including neutrino experiments, neutrino-less double beta decay, dark matter and KK axion
search experiments. These experiments can be done in the near future, before the ILC
becomes operational. This is a major advantage for R&D, particularly in these times of tight
science budgets.

Results of Prior Research

Gold and Matthews have been continuously supported by the DOE High Energy Physics
Division since coming UNM in 1991. (“New Mexico Center for Particle Physics (NMCPP)”,
DE-FG0392ER40732). Currently, Gold is a collaborator on CDF and Auger, and Matthews
is a collaborator on Auger. In the past, both made major contributions to the CDF SVX-II
upgrade. Matthews was a member of the original TPC experiment. Gold and Matthews
(together with UNM post-doc John Strologas) have recently joined newly proposed 4th ILC
detector design group 4. In FY06, support for travel and a student was requested for ILC
detector R&D by Gold and Matthews as part of the DOE grant continuation.

Hoeferkamp is a shared department engineering resource who has been in the department for
over ten years. He has extensive experience with silicon detectors (SVX-II, Phenix) and pixel
detectors (Atlas). He has done some work, and is familiar with, the Atlas pixel chip. Fields
and Bassalleck have experience with the Phenix silicon detectors and will contribute their
expertise in micro-electronics and instrumentation as well as access to their silicon sensor
laboratory.

Gold and Loomba are members of the (NSF supported) Drift-II dark matter search experi-
ment. The Drift-II experiment is a negative ion TPC operating in the Boulby underground
laboratory (UK). Loomba was recently awarded a five year NSF CAREER grant (“Develop-
ment of a New Generation of Gas-based Detectors for the Directionality Signature from Dark
Matter”). Gold and Loomba have submitted an NSF grant for for both Drift operation and
TPC R&D with MGPD gas amplification and readout. The request is for 36 months, $ 536K
and was submitted along with a companion proposal by Dan Snowden-Ifft of Occidental Col-
lege. Snowden-Ifft will provide his TPC expertise and provide support for the construction
of the Drift-style TPC in Y2.

Over the past year, Gold and Loomba together with UNM graduate student Johanna Turk
have contributed to Drift operation, construction of a second TPC, and data analysis.

We developed a wave form and pulse shape analysis for Drift. The analysis includes the
determination of pedestals and noise from the digitized (wire) waveforms and a hit-finding
algorithm. So far, we have used this analysis to track the gain by reconstructing the Fe-55
absorption peak in the Drift-II TPC (Figure 2a).

We began preliminary work with GEMs beginning in the summer of 2004 (funded by Loomba’s
UNM startup and NMCPP funds). Here we highlight our activities thus far: The Loomba and
Matthews visited Karlen’s group in Victoria in June 2004 to acquire knowledge about the TPC

4contact John Hauptman, hauptmaniastate.edu
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(a) reconstructed Fe-55 peak in low pressure CS2 (b) Fe-55 spectrum in Ar/C02 using single
GEM

and GEMs. Loomba also visited Jerry V’avra at SLAC to discuss the GEM-TPC R&D. We
have acquired 10 framed and 2 unframed GEMs, and 4 readout strips with 200 µmpitch (10cm
by 10cm) from Fabio Sauli’s group at CERN. We also have 4 GEMs of the same dimensions
from the 3M Corporation, courtesy of John Geissinger. All of these items are being handled
in a Class 1000 clean room available in the Physics and Astronomy department at UNM. A
custom vacuum vessel with 12 feed-through ports has been purchased to house the TPC, in
addition to a rotary chemical pump. The vessel has been tested for leaks and holds vacuum
(over 3 days, we could not measure a change at 100 mTorr). We have borrowed 10 boards
(160 channels) of 200 MHz waveform digitizers from Dr. Ed Kearns at Boston University.
These were designed and built for the MACRO experiment and were recently used in the
KAMLAND experiment. The specifications of these WFDs match or exceed our needs. All
10 boards are now at UNM along with a custom-made VME crate to house them (with beefed
up power supplies), and a clock fan-out to distribute signals from an external clock. For the
WFDs a GHz function generator (clock), a National Instruments (NI) VME controller board
and a PC for data acquisition are also on loan from the NMCPP. The DAQ software (NI’s
LabWindows) has been written and tested. The front-end electronics to readout the 2D strips
are being designed. Two preamplifier/shaper units are being considered, one is from Cremat
5 and the other from Brookhaven National Lab. 6 Both have low-noise (Cremats at 250 e-
and the BNL at 80-120 e-) with adjustable shaping times up to 4 s. The BNL preamps are
highly integrated (16 channels per board), cheap ( $40/channel), and have the lower noise
level and, if they perform as specified, we will purchase a few boards in the Fall of 2005 to
be used in our initial studies. Miscellaneous hardware items exist in the NMCPP that can

5http://www.cremat.com
6De Geronimo, G., O’Connor, P., Grosholz, J., A generation of CMOS readout ASICs for CZT detectors, IEEE

Trans. on Nuc. Sci., 47: 1857-1867, 2000
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be borrowed by the PI for this project. These include electronics modules (NIM, CAMAC,
etc), oscilloscopes, GHz function generators, a xenon flashlamp, and a nitrogen laser. We
have built a small test assembly that has an adjustable drift region and a holder for the
GEMs and readout boards. We have begun making measurements with the GEMs. With our
test assembly, adjusted for a 1.5 cm drift region and containing a single 3M GEM, we have
obtained an Fe-55 spectrum in 70/30 Argon/CO2 at 1 atm (Figure 2b). Note that the escape
peak is clearly resolved. The gains and energy resolution we obtain range between 600-700
and 25-30%, respectively. We are currently incorporating additional GEM stages and the 2D
readout board in our setup.

Facilities, Equipment and Other Resources

• Test TPC: As part of the Drift-II R&D, we have funding to build a small TPC. We
have obtained the mechanical design from Carlton, courtesy of Dean Karlen. 2

• Gas System: custom made vacuum vessel for housing the TPC with 12 feed through
ports and 1 UV transparent window; (While primarily for testing a low-pressure TPC
(for Drift) this is also convenient and economical for pumping down and back filling.);
dry vacuum pump and miscellaneous vacuum related hardware; parts for the DRIFT-II
gas system.

• GEMs: ten framed GEMs, 2 unframed GEMs, and 4, 10 cm by 10 cm 2D readout
boards with 200 µm pitch; all have dimensions of 10 cm by 10 cm, and were purchased
from Fabio Sauli’s group at CERN; four 10 cm by 10 cm unframed GEMs from 3M Corp
(courtesy of J. Geissinger).

• Clean rooms: Unlimited access to ∼ 100 square-foot class 1000 clean room; Class 100
clean room equipped for silicon sensor testing.

• Misc: VME crate with a VME controller; Keithly pico-Ammeter; power supplies, tools,
and additional lab space; A PC for the data acquisition system; A GHz function gen-
erator (needed for the waveform digitizers); Oscilloscopes and miscellaneous electronics
modules for NIM and CAMAC; A nitrogen laser, xenon flashlamp, and miscellaneous
optical lenses; radioactive sources; high precision probe station for measuring capaci-
tances and other electrical properties; 10 boards of the 200 MHz MACRO waveform
digitizers, a custom-built VME crate and clock fan out hardware (courtesy of Dr. Ed
Kearns at Boston University).

• Shops: Machine and electronics shops are available in the Department of Physics and
Astronomy. The machine shop is staffed by two full-time personnel and has facilities for
light fabrication including a computer-controlled milling machine, CAD/CAM system,
and standard machine tools and equipment. The electronics shop in the Department
is staffed by one full-time electronics technician and includes a CAD system for circuit
layout and design and standard bench electronics for circuit analysis.

• TPC As part of the Drift II R&D, we have received funding to build a small TPC. We
have obtained the mechanical design from Carlton, courtesy of Dean Karlen.

FY2006 Project Activities and Deliverables

During the first year we will learn how to construct this type of bulk Micromegas. We plan
a trip to Saclay to directly observe the fabrication process they have developed.
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Figure 2: Mechanical design for TPC (courtesy of Dean Karlen)

We then will develop this technique in collaboration with LBNL. Initially, we will be testing
the mesh lamination and board etching process. We will then extend this process to boards
which have anode readout pads and additional structure designed for connecting electrically
to readout electronics on the back of the board. Tests with the Atlas pixel chip will be carried
out at LBNL, which will host a member of the UNM group.

FY2007 Project Activities and Deliverables

During the second year, we will build and test additional small prototypes specifically designed
for readout with a suitable ASIC such as the modified Atlas pixel chip. Assuming tests with
the Atlas pixel chip done in year one are successful, the Atlas pixel chip DAQ system will be
duplicated and installed at UNM. (This approach will minimize costs in the early phase of
the project.)

Tests will be performed using the small TPC that we are constructing for Drift II based on
the Carlton design. We will measure a number of properties of the Micromega:

• gain and gain uniformity;
• spatial resolution as a function of drift distance;
• stability tests (discharges)

We will also design and fabricate a large prototype scaled to the size of the ILC TPC. We
will test this prototype in a low cost cubic meter TPC designed for Drift II (Figure 3).

Budget justification: Institution 1

• one graduate student: stipend of $1500/month for 12 months = $18000/year in Y1; 12
months support requested in each year with 2.5% cost of living increase in each year;
Graduate Student Tuition for 6 credits/semester ($1129/6 credits) for 2 semesters, plus
3 credits for the summer ($565/3 credits) with 5% inflation increase each year

• one undergraduate: stipend of $10/hr for 10 hours per week for 15 weeks per semester
for each year.

• Other Professionals: Electrical Engineer (Martin Hoeferkamp), at approx. 2 months Y1,
followed by 1 month thereafter ($5000/month in Y1, plus 2.5% cost of living increase
each year) . Hoeferkamp is a shared department engineering resource paid by soft money.
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Figure 3: Drift style cubic meter TPC is cost-ed at $ 5K for frame, central cathode and field cage.

• Fabricated Equipment: $20k Y1 for fabrication of prototype readout boards. $15k Y2
additional prototype fabrication and DAQ hardware for ASIC readout ; $5K for con-
struction of a Drift IIb design TPC (based on Drift IIb costing of construction of frame,
central cathode and field cage).

• Travel: 1 foreign trip in Y1 for travel to CERN/Saclay to study Micromega fabrication
techniques; 2 two-week trips per year for graduate student to visit LBNL; 6 domestic
trips per year for collaborative work at LBNL/UNM

• Fringe: 26.5 % professional, 1% students
• Materials and Supplies: $5k/year for electrical and mechanical shop
• Overhead: 50% on campus rate applied

Two-year budget, in then-year $

Institution: 1

Item FY2006 FY2007 Total
Other Professionals 10000 10300 20300
Graduate Students 20825 21450 42275

Undergraduate Students 3000 3000 6000
Total Salaries and Wages 33825 34750 68575

Fringe Benefits 4060 4265 8325
Total Salaries, Wages and Fringe Benefits 37885 39015 76900

Equipment 20000 20000 40000
Travel 5500 4000 9500

Materials and Supplies 5000 5000 10000
Total direct costs 68385 68015 136400

Indirect costs 22780 22552 45332
Total direct and indirect costs 91165 90567 181732


