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University-based Detector R&D
for an International Linear Collider
Project Summary
At the start of the millenium, the world’s particle physicists arrived at a consensus that an International Linear Collider (ILC) should be the next major facility for high energy physics. Since then, progress has been
swift. Candidate technologies for the accelerator were developed, the community agreed on the technology
to be used and now a global center to coordinate the completion of the design is forming. Nationally, the
Department of Energy’s Office of Science has developed a 20-year plan that identifies the ILC as its highest
midterm priority.
Realizing the vision of the ILC will be a great challenge both technically and in timeliness. The technical challenges lie in both detector and accelerator areas and derive from the need for high luminosity and
high precision of measurement. The timeliness challenge lies in the need to have significant overlap with
the Large Hadron Collider (LHC) if the full synergy of the two approaches to the energy frontier is to be
achieved. Thus it is imperative that the high-energy physics community marshal its resources to address
these issues.
The detectors for the ILC are highly challenging. This is not always fully appreciated. While many advances
in detector technology were required for the LHC experiments, different challenges must be addressed for
the ILC experiments. To gain perspective, one may compare these ILC needs with those of the LHC. ILC
detectors must have: inner vertex layers about 5 times closer to the interaction point; 30 times smaller vertex
detector pixel sizes; 30 times thinner vertex detector layers; 6 times less material in the tracker; 10 times
better track momentum resolution and 200 times higher granularity of the electromagnetic calorimeter. (See
the Brau et al. report on ILC R&D). This proposal addresses key aspects of these requirements. In order
to provide governments with a convincing design and cost estimate, in time for substantial overlap with the
LHC, conceptual designs for the detectors will need to be developed in the next few years. This proposal
seeks to take an important step towards that goal.
This proposal will have scientific impact beyond the ILC. The detector R&D is will lead to advances in
a number of technical fronts, complementing well the detector development done for the LHC. Detector
technologies optimized to perform precision measurements in the low-radiation environment characteristic
of a linear collider will have applications in other areas of high energy physics, as well as in other fields.
The collaborating groups have a strong history of outreach to undergraduates and K-12 students and teachers. The work supported by this proposal will be integrated into these outreach efforts. Students in K-12
classrooms, and undergraduates, will be introduced to the exciting energy frontier physics to be studied by
the International Linear Collider, and the state-of-the-art technologies required for its implementation. This
dissemination of the concepts explored by basic research in high-energy physics to students in their developing years will provide for an increased understanding of the field by the general public, and will foster the
public’s interest in science in general.

335
3

University-based Detector R&D for the International Linear
Collider
Project Description
1

Introduction

This is a collaborative proposal by 34 university groups and affiliated laboratories to carry out detector R&D
for the ILC. Its 35 projects broadly cover the previously identified detector R&D needs of the International
Linear Collider (ILC) [1]. Another proposal focused on accelerator R&D will be submitted at the same
time. The large participation in this proposal expresses the high level of interest by university groups in the
ILC, their excitement about the physics to be done with the instrument, and their conviction that the ILC
represents the future of the field.

1.1

Preamble

In 1999, the International Committee for Future Accelerators (ICFA) recognized the world-wide consensus that the next large facility for particle physics should be an international high energy, high-luminosity,
electron-positron linear collider. The strong recommendation in 2002 from the U.S. High Energy Physics
Advisory Panel (HEPAP) [2] that such a collider be the highest priority of the U.S. program was paralleled
in Europe and Asia. Each region recognized the central importance of the physics to be studied, the maturity
of the accelerator designs being advanced at laboratories in the U.S., Germany and Japan, and the necessity
for international cooperation.
Since then, progress on the ILC has been swift. Regional steering committees, charged with organizing and
coordinating ILC activities in Asia, Europe and the Americas, have been formed, as has their global counterpart, the International Linear Collider Steering Committee (ILCSC). In 2003, the International Linear
Collider Technical Review Committee (ILC-TRC) convened by the ILCSC reviewed two designs based on
differing accelerator technologies and concluded that both were feasible [3]. Then, in 2004, an international
panel recommended that the ILC be based on superconducting technology for the main accelerator. The
world’s major high energy labs have accepted that decision, and in November 2004, accelerator physicists
gathered at KEK to identify the research required in order to complete the design. Currently, the ILCSC is
forming the Global Design Effort, which will manage this research. At the national level, the U.S. Department of Energy announced inclusion of the ILC in its 20-year plan for new facilities, according it the highest
priority among the mid-term projects under consideration. At the HEPAP meeting in February 2005, Ray
Orbach, director of the DOE’s Office of Science said that the ILC is “our highest priority for a future major
facility.... Were going to work our hardest to bring the LC to these shores.”
The response from the U.S. High Energy Physics community has been equally swift. In early 2002, physicists from U.S. universities and laboratories organized a series of workshops at Chicago, Fermilab, Cornell,
SLAC and U.C. Santa Cruz aimed at identifying important directions for research and collaboration toward the ILC. These groups organized themselves into the University Consortium for Linear Collider R&D
(UCLC) [4] in the context of NSF support and the Linear Collider Research and Development Working
Group (LCRD) [5] in the context of DOE support, with the American Linear Collider Physics Group [6]
coordinating the work of both groups. This year, with the development of a joint process for the review and
funding of ILC R&D at universities, UCLC and LCRD have effectively merged, and they now comprise
groups from 49 U.S. universities, 7 national and industrial research laboratories and 23 foreign institutions.
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All concerned are working together to coordinate their activities to the single task of building the linear
collider.

1.2

Physics Goals of the International Linear Collider

The physics goals of the ILC are ambitious and compelling. Over the past decade, a wide variety of experiments has shown that elementary particle interactions at the TeV scale are dictated by an SU (3) × SU (2) ×
U (1) gauge symmetry. The non-zero masses of the W and Z particles imply, however, that the electroweak
SU (2) × U (1) symmetry is broken spontaneously. We do not know how the symmetry is broken, and we
will not know until the agents of electroweak symmetry breaking are produced directly in the laboratory
and, also, are studied in precise detail. But we have every reason to believe that whatever is responsible for
electroweak symmetry breaking will be accessible at the ILC.
Although we do not know the mechanism of electroweak symmetry breaking, we have some good hypotheses. In the so-called Standard Model, one doublet of scalar fields breaks the symmetry. This model has one
physical Higgs particle, which is the window to electroweak symmetry breaking. The global consistency
of precision electroweak measurements gives this model credence, and suggests that the Higgs boson is
relatively light, mH ≤ 200 GeV. However, we know this model works poorly beyond TeV energies. A theoretically preferable scenario is based on supersymmetry (SUSY) at the expense of a whole new spectrum
of fundamental particles and at least five Higgs states. But the lightest of these states looks much like the
Standard Model Higgs, with nearly standard model couplings and a mass less than 200 GeV or so. Nature
may break electroweak symmetry through some other mechanism, of course, but most realistic mechanisms
we have imagined result in a Higgs boson or some related phenomena accessible to the ILC.
The TeV scale is the natural place to look for the agents of electroweak symmetry breaking. Thus, the ongoing Run 2 at Fermilab’s Tevatron has a chance of getting the first glimpses of these phenomena. Starting later
in the decade, CERN’s LHC, with seven times the energy, will almost certainly observe the Higgs boson,
and has a very good chance of discovering something else. Most high-energy physicists believe, however,
that the LHC will not unravel the mysteries of symmetry breaking on its own. Experimentation at a linear
e+ e− collider provides information that cannot be obtained by other means. Let us just cite two examples.
First, a series of cross section and branching ratio measurements will trace out a detailed profile of the Higgs
boson, in a model-independent way, and incisively test whether its couplings are proportional to mass. Second, if SUSY is at play, the ILC can determine the lightest superpartners’ masses with exquisite precision.
The ILC measurements would be key to determining, for example, whether supersymmetric particles are the
“dark matter” in the universe. In both these cases, the ILC adds critical information to what will be learned
at the LHC. The ILC is the right next step for experimental high energy physics, and now is the time to take
it in order to maximize the interplay of its results with those of the LHC.
The full scientific case for the ILC can be found in the Resource Book[7] prepared for Snowmass 2001 or
the physics chapter of the TESLA Technical Design Report[8]. We believe the essential elements of the
physics case have been made persuasively, and we are responding by banding together to meet the technical
challenges that remain, so that the instrument can be built in a timely and cost-effective fashion.

1.3

The Need for Detector R&D for the International Linear Collider

Three candidate detector concepts have emerged for the ILC. The Global Large Detector (GLD) uses a large
radius EM calorimeter (r = 2.1 meters) in order to separate showers, and hence allow precise jet energy
measurements. Another design (SiD) is aimed at taking advantage of the precision of a silicon-tungsten EM
calorimeter, and the timing resolution of a compact all-silicon tracker. A third concept, the Large Detector
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Concept (LDC) lies midway between the two, using a medium-sized gaseous tracker. In addition to EM
calorimetry and tracking devices, all of the detector concepts incorporate precision vertex detectors, hadron
calorimetry, muon identification, and critical beamline instrumentation.
For all of these detectors, the physics of the ILC demands significant advances over the currently available
technologies. In comparison with the LHC, the radiation environment and data rates are mild, but the demands for precision are greater. Measurement of the Higgs branching fraction to b quarks, c quarks and
gluons requires a beampipe with a radius 1/5 that of the LHC and a vertex detector with a pixel size that
is smaller by a factor of 30. In order to tag a Higgs recoiling against a Z boson, the tracker must have
only 1/6 of the material of the LHC trackers and a factor of ten better momentum resolution.
And, in
p
order to distinguish W and Z jets, the jet energy resolution must be better than 30% / E(GeV), which
is a factor of two better than the LHC target. The projects in this proposal are aimed at achieving these goals.
The time-scale for this R&D is already tight. If ILC construction is to begin in 2010, as is needed to
optimize the interplay between the LHC and ILC programs, the detector technologies must be selected and
the conceptual designs developed in the next few years. As a first step, by spring 2006 each candidate
detector concept is to prepare a written outline that includes an introduction to the detector concept, a
description of the detector, its expected performance, subsystem technology selections or options, status of
ongoing studies and a list of needed R&D. More formal Conceptual Design Reports will accompany the
accelerator’s Technical Design Report shortly thereafter.

1.4

Broader Impact of the Work described in this Proposal

The proposed research will advance our technical capabilities in particle detection and electronics. It complements the detector research done for the LHC in that it focuses on precision measurement in a low
radiation environment. This research will have applications for other experiments in high energy physics,
and in other fields.
The proposal will also have impact in education and outreach. Numerous ongoing activities at the participating universities are aimed at K-12 students. For example, in the last two years, Notre Dame has involved 24
high school students in research. NIU sponsors a science camp for kids. Boston University sponsors a ”Saturday Morning Physics” program and Cornell has initiated a monthly “Visiting Scientist Series”. Boston and
Cornell sponsor a one-day outreach programs for girls, and Michigan sponsors an annual Physics Olympiad.
Cornell has co-hosted a session for local home-school students grades 4-9 and their parents, has coordinated
a three-day workshop exposing secondary students to careers in accelerator physics and X-ray experimentation, and has designed and posted interactive web pages describing high-energy physics and accelerator
research aimed at secondary school audiences and instructors. An estimated 1,400 people tour the Cornell
research facility each year, and of these, approximately 500 are students. Those who can’t visit the lab in
person can watch the lab’s video, or take an interactive tour of CESR and CLEO on the web. Boston and
Wayne State have provided access to sophisticated research equipment to local high school classes.
One of the most effective ways to reach students is to reach their teachers. The groups at Berkeley Boston,
UC Davis, UC San Diego, UC Santa Cruz, Chicago, Hawaii, Indiana, Iowa, Iowa State, Kansas, Kansas
State, Notre Dame, Oklahoma, Oregon, Purdue, Rice, UT Arlington, Texas Tech, Washington and the national laboratories host Quarknet programs, while Cornell, Notre Dame and Wayne State host Research
Experience for Teachers programs. In collaboration with multiple research centers on campus, Cornell has
exposed over 250 high school physics teachers to resources on the Standard Model and provided educational
materials, supplies and laboratory investigations for their students.
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Chicago, Cornell, Indiana, Kansas, Michigan, NIU, Notre Dame, Oregon, Purdue, Temple, Wayne State and
many others have involved undergraduates in research, both individually and through Research Experience
for Undergraduates programs. The Wayne State and Temple programs have been particularly effective at
reaching minorities. At Cornell alone, approximately fifty undergraduate students hold research related jobs
each year. Purdue opens their facilities to an undergraduate lab course each year.
New education and outreach efforts are centering on the ILC. Each year, at least 10 undergraduates will
contribute to the projects in this proposal, either independently or through Research Experience for Undergraduates (REU) programs. Wherever possible, the ILC will be introduced into outreach activities aimed at
K-12 students and the general public. These activities have already begun at the workshops of the American
Linear Collider Physics Group. The 2003 ALCPG workshop in Arlington included exhibits for the public,
and Rick van Kooten gave a lecture ”What is the Linear Collider?” for high school science teachers and undergraduates at the 2003 workshop at Cornell and (with Helen Quinn) for 450 science high school students
at the 2002 workshop at Santa Cruz. At the next ALCPG workshop, which will take place at Snowmass this
summer, outreach will be an even more important component.
The broader impacts are discussed in more detail in the descriptions of the individual projects.

1.5

Structure of this project description

The detailed descriptions of the proposed detector R&D projects, including detailed budgets, statements of
work, deliverables and broader impact, are provided following the references.
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3. Luminosity,
Energy,
Polarization
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Overview of Luminosity, Energy, Polarization Proposals
One distinct advantage of the Linear Collider is the well-defined initial state in the
collision process. Realizing this advantage, however, requires adequate measurements of
the beam properties at the interaction point (IP). These measurements present some new
challenges in beam instrumentation, and the proposals described here address these
challenges. An ALCPG Working Group[1] has been formed with the charge of ensuring
that the beam instrumentation is optimized for the LC physics goals. This group has
produced a white paper describing the measurement goals for luminosity, luminosity
spectrum, energy, and polarization.[2] The white paper describes a strategy for realizing
these goals using both beam-based instrumentation and analyses of physics processes at
the IP.
A Letter of Intent was recently put forward to the SLAC PAC to start a beam
instrumentation test facility in End Station A (ESA).[3] The beams available in ESA (as
used by the E158 collaboration) have characteristics very similar to that expected at an Xband linear collider. With a 10% χ0 radiator, a disrupted beam with an energy spectrum
and angular dispersion comparable to that expected after the LC IP can also be created.
Direct tests of energy spectrometry, polarimetery, and pair monitors (with a solenoid
around the target) are envisioned. This idea has received support from the lab, and it is
expected that beam time will be available to test many of the devices proposed in this
section starting as early as 2005.
Luminosity
Precision extraction of cross sections depends on accurate knowledge of the luminosity.
For many measurements, such as those based on threshold scans, one needs to know not
only the energy-integrated luminosity, but also the luminosity as a function of energy,
dL/dE.
Low-angle Bhabha scattering detected by dedicated calorimeters can provide the
necessary precision for the integrated luminosity. Options include secondary emission
and fast gas Cerenkov calorimetry in the polar angle region from 40-120 mrad.
Acollinearity and energy measurements of Bhabha, e+e− → e+e−(γ) , events in the polar
angle region from 120-400 mrad can be used to extract dL/dE and are under study.
Additional input from measurements of the beam energy spread and beam parameters
that control the beamstrahlung spectrum will improve this determination of dL/dE.
Techniques include measuring the angular distributions of e+e− pairs in the polar angle
region from 5-40 mrad, and measuring the polarization of visible beamstrahlung in the
polar angle region from 1-2 mrad.
All the proposed detectors may also be used for real time luminosity monitoring and
tuning. The locations of some of these detectors in the forward region of an NLC
Detector are shown in Figure 1.

341
21
21

Figure 1: Forward Region of the (proposed) NLC Silicon Detector

Energy
Beam energy measurements with an accuracy of (100-200) parts per million are needed
for the determination of particle masses, including mtop and mHiggs. Energy measurements
both upstream and downstream of the collision point are foreseen by two different
techniques to provide redundancy and reliability of the results. Upstream, a beam
position monitor-based spectrometer is envisioned to measure the deflection of the beam
through a dipole field. Downstream of the IP, an SLC-style spectrometer is planned to
detect stripes of synchrotron radiation (SR) produced as the beam passes through a string
of dipole magnets. The downstream SR spectrometer also has the capability to measure
the beam energy spread and the energy distribution of the disrupted (from beam-beam
effects) beams.

Polarimetry
Precise measurements of parity-violating asymmetries in the Standard Model require
polarization measurements with a precision of 0.5% or better. High statistics Giga-Z
running motivates polarimetry at the 0.1% level. The primary polarimeter measurement
is envisioned to be a Compton polarimeter located in the extraction line. For evaluation
of systematic errors, it is desirable to compare results from measurements of
backscattered electrons and photons, and also to compare results from single and multiCompton counting. Quartz detectors will be investigated for both scattered photons and
electrons and a study of expected backgrounds will be carried out. Most of the LC
physics program requires longitudinal polarization for the colliding beams, but if both
electron and positron beams are polarized the physics reach can be improved with
342
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additional measurements using transverse polarization asymmetries. One can infer the
transverse polarization from knowledge of the spin rotator settings, measurements of the
spin transport matrix and measuring how close the longitudinal polarization component is
to 0. Direct transverse polarization measurements will also be investigated.
References
1. http://www.slac.stanford.edu/xorg/lcd/ipbi
2. D. Cinabro, E. Torrence and M. Woods, Status of Linear Collider Beam
Instrumentation Design, ALCPG-Note-2003-001,
http://www.slac.stanford.edu/xorg/lcd/ipbi/white.pdf
3. http://www.slac.stanford.edu/grp/rd/epac/LOI/LOI-2003.2.pdf
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A Fast Gas Cerenkov Calorimeter for Luminosity Measurement
and Machine Monitoring
Classification (subsystem)
Machine Detector Interface (MDI)
Personnel and Institution(s) requesting funding
Shauna Dennis, John Hauptman, Sam Ose, Youn Roh, Robert Schoene
Iowa State University, Ames IA

50011

Virgil Barnes, Alvin Laasanena, Abe Spinelli
Purdue University, West Lafayette, IN

47907

Collaborators
Nural Akchurin, Texas Tech University, Lubbock TX 79409
Vladimir Atramentov, NIPT, Kharkov, Ukraine
Thomas Markiewicz, Michael Woods, SLAC, Stanford CA 94025
Project Leader
John Hauptman
hauptman@iastate.edu
515-294-8572
Project Overview We have proposed a gas Cerenkov calorimeter for beam luminosity measurement that is emptied of light in about 2 nanoseconds, thus becoming quiescent very soon
after the bunches have crossed, that is explicitly radiation hard, and that is completely insensitive to both radioactivation of the calorimeter mass and to e± and γ IR backgrounds below
10 MeV. A detailed description was given in previous reports in which the main motivation
was the 1.4 ns crossing time of the warm machine that is no longer relevant. Nevertheless, a
fast and rad-hard detector very near the beams during commissioning of the machine, during
physics running for backgrounds assessments, and even as an ’instrumented mask’ deep inside
5 mrad may still be a useful device for the Linear Collider. Specifically, this instrument would
provide continuous nanosecond measurements of electromagnetic activity during the collision
and between collisions as a measure of machine activity during beam setup and tuning.
General description of the project The calorimeter consists of a metal volume with optical conduits that can channel the light to the back. These conduits can be tubes, or hexagonal
rods in a mosaic pattern, or several other geometries, for example, see the figure showing the
hex geometry.
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The light is generated by shower particles as they cross the gas gaps between longitudinal
rods, and the gas gaps also function as the light conduits.. Since the angle is small, a large
fraction of the light is channelled down the optical conduit. The light makes typically 1012 small angle reflections before exiting the rear of a 30-cm deep calorimeter. Within the
calorimeter medium, the light and the electromagnetic shower particles travel at nearly c and
co-move in a pancake perpendicular to the shower axis. The shower particles are absorbed
out in depth as the light builds up in depth, and a 50 ps pancake of light exits the rear of the
calorimeter, its time dispersion dominated mostly by geometry. For a gas of refractive index
n = 1 + δ, with δ ≈ .001, the angle is given by
cos θC = 1/nβ → 1/n ≈ 1 − δ,
2 /2 gives
and expanding the cosine as 1 − θC
√
θC ≈ 2δ ≈ 0.045.

The light yield in the visible is dN/dx = 370 sin2 θC eV−1 cm−1 yielding about 1 pe per
GeV. The velocity threshold for light emission is βth = (P/E)th = 1/n ≈ 1 − δ so that the
threshold for electrons is
√
e
Pth
≈ me / 2δ ≈ me /θC ≈ 11 MeV/c.
The critical energy of a typical metal is 10-20 MeV, comfortably above the threshold, and
therefore most shower electrons will participate in light generation. The threshold is higher
than the binding energy per nucleon, and therefore no nuclear decay, either β or γ, can
generate light in the gas.
Therefore, this luminosity calorimeter has three unique features:
1. it is constructed wholly of metal and gas, and therefore cannot be damaged by any
conceivable dose of radiation;
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2. the generation of Cerenkov light is instantaneous, its transport from within the calorimeter volume is at nearly the speed of light, bunched in a 50-ps pancake, and the calorimeter
volume is emptied of light in 1-2 ns; and,
3. the Cerenkov threshold is about 11 MeV, and therefore no nuclear decay from any degree
of radioactivation will result in Cerenkov light, and all e± and γ IR backgrounds below
this threshold are invisible.
The energy resolution and light arrival timing spread is shown in the figure.

The robustness of this gas calorimeter allows placement very near the beam and in the most
intense radiation environment.
Broader Impact The work on this project is within two single-investigator groups of a
university professor and students, mainly undergraduate physics majors, working on a new
problem and seeking new solutions. This explicity integrates teaching and research since our
students have office space in the lab area in the Physics Department. It is a place where they
can also do their problem sets.
More funds for undergraduate and beginning graduate students will allow us to hire more
students. At this stage of work, several problems are available that are person-intensive,
rather than equipment-costly: finding or making reflective tubes (Purdue undergraduates),
geant4 code, reflective brass or tungsten hexagonal bars (Iowa State undergraduates), absolute measurements of reflectivity (Iowa State undergraduates), and design of a module and
its optical system (Purdue and Iowa State), and in the last year, a beam test at SLAC. All of
these activities are perfect for physics majors, and as we know, they are the best recruitment
tools available in physics. At Iowa State, one undergraduate is female (Shauna Dennis) and
two male (Sam Ose and Robert Schoene), one female having graduated. Of course, this is
part time work and students are transient, but I have managed to keep individual students
for 2-4 years. At Purdue, two undergraduate students have made extensive measurements of
the reflectivity on the inside of SS tubes. This work by Abe Spinelli and Alvin Laasanena
is critical: if we have a tube solution for the geometry, many geometric designs are easily
possible.
The achievement of broad impact to enhance scientific and technological understanding and
potential benefits to society at large is obtained, in these small high energy physics groups,
by sending students out into the world to workshops and conferences. Last year, Oleksiy
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Atramentov (beginning graduate student) brought Oesa Walker and Rohit Nambyar (undergraduates) to the Cornell Workshop where he gave a talk and Oesa and Rohit watched. In
my experience, the best outreach is when students talk to other students.
Results of Prior Research The request for funds last year included work on calculations,
measurements of reflectivity, specific studies of metallic reflective surfaces, overall design of a
luminosity monitor, and studies of performance. We have achieved most of these.
1. We have built a setup for the absolute measurement of reflectivity at grazing incidence
using what we believe is a new technique. We make a very narrow, collimated light
beam that bounces off one mirror at angle θ and we count photons with a fast PMT,
discriminator and scaler to get a number proportional to R, the reflectivity. A second
identical parallel mirror is driven by a screw so that the beam reflects three times, and
we count a number proportional to R3 . A further displacement of the movable mirror
brings five reflections, for R5 . This is all at fixed θ, with no movement of the PMT, light
source, or first mirror. From these measurements of Rn we are over-constrained and can
extract the single bounce reflectivity. This work is all done by Robert Schoene.
2. We have spent much time and effort trying to get geant4 to handle all the generation
and reflection of light without success. There are clearly bugs in geant4, and we have
recently returned to geant3 and will use it. Using our own detailed and exact generation
and propagation of light, we have calculated the energy resolution and photoelectron (pe)
response of a gas calorimeter in which reflecting stainless steel (SS) tubes are the light
conduits, and these calculations yield about 5% energy resolution at 200 GeV for an
iron (Fe) absorber. Further calculations will be for tungsten (W) with the hex geometry.
This work has been done by Youn Roh and Rohit Nambyar.
3. We have searched widely for methods and processes for the manufacture of highly reflecting metallic surfaces, which is essentially equivalent to a very smooth metallic surface.
Ordinarily, this is accomplished by mechanical polishing, and this can be done commercially1 , and we have also succeeded ourselves with small areas, but we are searching for
a process with better control over uniformity and cost. The processes we have studied
and rejected are: (i) ion beam melting of the surface (IBEST, Sandia Labs); (ii) electropolishing and electroplating;2 (iii) metallic glasses;3 (iv) replica techniques;4 and, (v)
various forms of polishing of SS, brass and aluminum.
Presently, we are communicating with New Castle Industries on their ’chill roll’ process
for producing large, uniform, controlled and very smooth metallic surfaces of any kind.
This looks promising, but also expensive.
4. Extensive measurements of the net reflectivity down SS tubes, both small diameter for
the interior of the calorimeter and larger diameter for the transport of light to the photodetectors, has been done at Purdue by undergraduate students Abe Spinelli, Matthew
Barnett and Alvin Laasanena with Virgil Barnes. Some of this work was reported at
the SLAC meeting in Jan. 2004.5
1

For example, by Finished Surfaces, a local company in Chicago.
Poligrat, GmbH, Munchen, DE.
3
Liquidmetal Technologies, Lake Forest, CA, Science News, 166, Nov. 6, 2004, ”Metal Makeover”, p.298.
4
J. Diebel, et al., ”Fabrication of large-scale ultra-smooth metal surfaces by a replica technique”, Appl. Phys. A
73 (2001) 273.
5
www-conf.slac.stanford.edu/alcpg04/WorkingGroups/ BeamDeliveryInteractionRegion/Virgil-SLAC-Jan04.pdf
2
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5. We gave a talk at the April 2004 Paris meeting on the Linear Collider and written a
critical paper on five technologies for the forward region. Two other talks were given on
dual-readout fiber calorimetry and on the reconstruction of W → jj and Z → jj.
6. We have made extensive studies of the energy pattern in this gas calorimeter using
the calculated input of low-energy e, γ that will hit the front face,6 and attempted to
reconstruct the beam electron. Attempts were made to reduce the background e, γ by
inserting various depths of W absorber. More work is required here.
7. Samples of metallic reflectors have been obtained by us from Sandia, Finished Surfaces,
and local researchers in the Ames Laboratory, and tested in our lab. This work has been
done by Sam Ose and Robert Schoene.
This work was done under the LCRD grant to ”An Explicitly Radiation-Hard Gas Calorimeter
for Bunch-by-Bunch Luminosity Measurement at the Next Linear Collider”, covering the
period from June 2004 to May 2005.

Talks at LC meetings
1. Oleksiy Atramentov, ”Update on Calorimeter”, Linear Collider Retreat, SLAC/Santa
Cruz, June 2002.
2. Oleksiy Atramentov, ”Fast Gas Luminosity Monitor: Progress Report”, American Linear
Collider Workshop, Cornell, 13-16 July 2003.
3. Oleksiy Atramentov, ”Simulation of a Gas Calorimeter”, Fermilab, Geant4 International
Workshop, October 2003.
4. John Hauptman ”Gas Calorimeter as a Luminsoity Monitor”, Linear Collider Workshop,
SLAC, 7-10 January 2004.
5. John Hauptman, ”Dual Readout Calorimeter”, SLAC, ibid.
6. Virgil Barnes, ”Mirror Finish: Stainless Steel Tubes for Gas Calorimetry”, SLAC, ibid.
7. John Hauptman, ”Review of Luminosity Calorimeter Technologies”, Intl. Conf. on
Linear Colliders, Paris, 19-23 April 2004.
8. John Hauptman, ”Dual Readout Calorimetry”, Paris, ibid.
9. John Hauptman, ”Importance of W → jj”, ibid.
Publications
1. ”Review of Luminosity Calorimeter Technologies”, proceedings of the Intl. Conf. on
Linear Colliders, Paris, 19-23 April 2004.
2. ”Dual Readout Calorimetry”, proceedings, Paris, ibid.
3. ”Importance of W → jj”, proceedings, ibid.
This request is for a continuation of this work on a novel, but difficult optical calorimeter.
6

Calculations and data file from Takashi Maruyama, SLAC.
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Facilities, Equipment and Other Resources
At ISU we have three laboratory rooms, one a ’clean room’ for the optical measurements,
one a hardware lab room for mechanical equipment, and a third for mostly computers and
people.
The university supports a High Performance Computing (HPC) cluster that we use extensively
and at esentially zero cost to us, for all of the geant work and any other compute-intensive
work.
The Chemistry Department maintians an excellent machine shop that we have used (at $20/h)
for many small equipment projects, and we would use this shop for mounting the metal mass
inside the gas volume for this calorimeter.
At Purdue, laboratory space, shop facilities and computing infrastructure exists for this
project.
FY2005 Project Activities and Deliverables We will have a conceptual design for the
reflecting surfaces, the geant3 code will be finished for the hex geometry (already works for
tube geometry), and full measurements of the SS tube option. We will continue throughout
the year to search for viable technologies to produce highly smooth metallic surfaces.
FY2006 Project Activities and Deliverables Construction and assembly of a beamtestable module, light transport measurements; physics simulations of performance, both as
a luminosity monitor at ±3m and as an ’instrumented mask’.
FY2007 Project Activities and Deliverables Assembly of final module for test, purchase of fast PMTs, and beam test of module. The configuration of the module and its
readout will depend up its final use, and therefore we will be consulting with interaction
region and machine colleagues.
Budget justification: Iowa State University: The small-scale testing of reflecting surfaces,
identification of processes for the manufacture of metallic reflectors, and the calculations and
design of a module are all within the capabilites of this group. Most funds in the first and
second year are for hourly wage support of undergraduate physics majors ($8K/y), a month
of summer support for a beginning graduate student ($2K/y) and nominal equipment, travel
and supplies for a lab. (Most equipment, e.g. NIM bins and fast electronics, are borrowed
from Fermilab). In the third year we will purchase the metallic reflective absorber, assemble it
in the local machine, instrument with PMTs, and prepare for a beam test ($30K equipment,
$4K travel).
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Three-year budget, in then-year K$
Institution: Iowa State University
Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits(11.3%)
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Total direct costs
Indirect costs(46% of TMDC)
Total direct and indirect costs

FY2005
0
2.0
8.0
10.0
0.2
10.2
2.0
2.0
2.0
0
16.2
6.5
22.7

FY2006
0
2.0
8.0
10.0
0.2
10.2
3.0
2.0
2.0
0
17.9
6.5
23.7

FY2007
0
2.0
8.0
10.0
0.2
10.2
20.0
4.0
2.0
0
36.2
7.5
43.7

Total
0
6.0
24.0
30.0
0.7
30.7
25.0
8.0
6.0
0
69.6
20.5
90.1

Budget justification: Purdue University: The manufacture of SS tubes as light conduits,
testing and measuring reflectivities, and the design and manufacture of (3cm)2 conduits for
the transport of light to PMTs is mostly done by undergraduate physics majors ($8k/y). In
the third year, funds are for construction of final conduits and preparation and testing of
components for a beam test ($12K equipment, $4k travel).
Three-year budget, in then-year K$
Institution: Purdue University
Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits (11.3%)
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Total direct costs
Indirect costs
Total direct and indirect costs
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FY2005
0
0
8.0
8.0
0.2
8.2
2.0
2.0
2.0
0
14.2
5.6
19.8

FY2006
0
0
8.0
8.0
0.2
8.2
4.0
2.0
2.0
0
16.2
5.6
21.8

FY2007
0
0
8.0
8.0
0.2
8.2
6.0
4.0
2.0
0
20.2
5.6
25.8

Total
0
0
24.0
24.0
0.7
24.6
12.0
8.0
6.0
0
50.6
16.8
67.4

3.2

Luminosity, Energy, Polarization

3.2: R&D for luminosity monitor
(new proposal)
Luminosity, Energy, Polarization
Contact person
Yasar Onel
yasar-onel@uiowa.edu
(319) 335-1853
Institution(s)
META (Turkey)
INFN (Italy)
Fairfield
Iowa
Bogazici (Turkey)
Cukurova (Turkey)

New funds requested
FY05 request: 27,610
FY06 request: 30,120
FY07 request: 25,100
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Project name
R&D for luminosity monitor
Classification (accelerator: subsystem)
IPBI / Accelerator
Institution(s) and personnel
University of Iowa, Department of Physics and Astronomy:
Yasar Onel (professor) Co-PI, E. Norbeck (professor), J.P.Merlo, A.Mestvirisvili,
U.Akgun, A.S. Ayan (post-docs), F. Duru, J.Olson (grad.students), I.Schmidt
(Mechanical Engineer), M.Miller (electronics engineer), E.Berry, D.Monner ( undergrad.
scholars)
Fairfield University, Department of Physics:
Dave Winn (professor) Co-PI, V.Podrasky (engineer), C.Sanzeni (programmer)
Bogazici University, Department of Physics, Istanbul, Turkey:
Erhan Gülmez (professor)
Cukurova University, Department of Physics, Adana, Turkey:
Gulsen Onengut (professor)
METU, Department of Physics, Ankara, Turkey:
Ramazan Sever (professor)
INFN-Trieste and University of Trieste, Department of Physics, Italy:
Aldo Penzo (professor)
Contact person
Yasar Onel
yasar-onel@uiowa.edu
(319)335-1853
Project Overview
Introduction:
The forward angle calorimeter for the LC will have large counting rates and be exposed
to large radiation doses, of the order 1.0 Grad/yr. The forward detector region is shown
in figure 1 and Ref [1]. The luminosity detectors are needed for a) Pair-LuMon region
from 6-36 mrad for luminosity tuning. (Electron and positron are low energy ~1 GeV)
and b) Instrumented mask region from 36-117 mrad for determining absolute luminosity
from Bhabhas (high energy). This concept is discussed in ref [2].
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We will explore two types of detectors, the PPAC (low pressure Parallel Plate Avalanche
Detector) and the SED secondary emission detector.
PPAC
A calorimeter, made of PPAC, consists of heavy metal absorber, in which the shower
develops, and detectors to sample the intensity of the shower.
The proposed research will develop a new type of detector that is fast (sub-nanosecond)
and not subject to radiation damage. The electrical signal is generated and amplified in
the detector itself. There is no need for photodetectors for PPAC.
The interior of the PPAC detector is a low pressure gas or vacuum and so must have
heavy walls to withstand the atmospheric pressure. These walls will be chosen to match
the material of the absorber so that they constitute part of the absorber.
A typical PPAC is two flat plates separated by 2 mm with a voltage of 750 V between
them with a filling gas of 20 torr of isobutane. The charged particles passing through the
gas produces ionization and the multiplication is achieved by applying a sufficiently large
voltage to cause each electron to produce an avalanche. The avalanche results in current
gains of 104 to 105.
For use in a calorimeter it is better to have two heavy, grounded plates to withstand the
pressure and a single, thin plate at high voltage between them. To test the performance of
the detector we will make a double PPAC in which there are three thin plates, the middle
one grounded. Signals are taken from the two thin plates at high voltage. A comparison
of the signal from the two sides allows a measurement of the energy and time resolution
of the detector.
The following is the proposed course of action for testing the performance of the double
PPAC:
1. Test of PPAC at the Advanced Photon Source using 80 ps pulses of 7 GeV electrons
to create electromagnetic showers.
Electromagnetic showers will be generated by allowing the halo of the beam to strike
the edge of the beam pipe. The number of electrons contributing to the shower can be
varied by small changes in the beam-line magnets. Since all of the electrons in the
bunch are essentially simultaneous the shower will appear in the detector as if it were
caused by a particle of arbitrarily high energy. This test will be done with a double
PPAC, two PPACs in series so that the same shower goes through both detectors. We
expect excellent energy resolution. The PPAC signal from a shower is generated by
hundreds of simultaneous but independent ionization events.
2. Search for a gas to use in a PPAC that will not be subject to aging problems.
A PPAC can be constructed of materials that are extremely resistant to radiation, i.e.
metals and ceramics. However under extreme radiation conditions isobutane will
polymerize to form non-volatile materials. These can be removed by cleaning the
detector, but it would be better if they were not formed in the first place. There are a
number of promising gas mixtures. We are confident that we can find one that, if it
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does not cure the problem entirely, will at least be better than isobutane.
E. Norbeck has had considerable experience with low-pressure gas detectors. Part of
this experience is given in his paper on heavy gases in charged particle detectors
[Nucl. Instr. and Meth. A314 (1992) 620.]. We will construct a simple PPAC with a
collimated alpha source inside for testing the various gas mixtures.
3. Wall materials
We will do simulations to determine the material for the walls of the detector that will
result in the best signal. A secondary emissive surface, as described below, may lead
to better performance of a PPAC.
Secondary Emission Detector
This method collects an amplified secondary emission signal resulting from absorbed
radiation sampled in a shower. The basic detector concept consists of absorber plates
interspersed with secondary emission surfaces followed by sheet dynodes. The R&D will
investigate: (A) materials to obtain high secondary emissive surfaces for mips, based
largely on SEM monitors used for accelerator beam diagnostics, and various dynode
technologies, based on new planar PMT dynode technologies (electrochemically etched
metal dynodes, others) appropriate for gains of few x 1000 per secondary electron; (B)
GEANT Monte Carlo of predicted performance based on the results of (A); (C)
Engineering Point Designs for assembly, vacuum integrity, signal presentation, and costs;
(D) Construction & Tests (including raddam) of a single secondary emission detector
package at least 5cm x 5cm square.
It is well-established that many secondary emission surfaces are radiation-hard. Typical
Sb- coated SS dynodes (g~5) used in most PMT today survive 50-100 GRad of internal
electron bombardment, and MgO or BeO dynodes survive higher doses, albeit at lower
yield (g~2.5-3). Similar surfaces are used to monitor accelerator beams at high doses. We
propose to use SEM surfaces to sample the shower caused by jets and particles in the
forward calorimeters. Secondary emission for a m.i.p. typically falls to a gain g between
g~ 1.1-1.5. Conservatively, we thus anticipate that 10% of through-going mips will create
one secondary electron, and 50% of electrons with energies less than 100 keV will
produce one extra secondary electron. On this basis we estimate, by scaling from
scintillator or quartz fiber calorimetry, that with 2.5 cm thick sampling plates in Cu we
would detect >10 vacuum secondary electrons/GeV. With a gain of ~1000, this would be
sufficient for forward calorimetry (the equivalent of ~1 p.e./GeV, with an intrinsic pregain fluctuation of ~30% per p.e., to translate to optical calorimetry), with excellent
timing characteristics.
A default gain mechanism is to use large area planar metal dynodes with micro-machined
apertures for secondary electron impingement and transport, such as metal meshes, or
structures similar those used in the Hamamatsu R5900. The micromachining is a
relatively low-cost electrochemical etch. The planar dynodes can be made from ~1 mm
thick metal sheets as large as 50 cm on a side. An assembly might use simple insulating
supports between secondary emission cathode, dynode and anode plane. The areal size in
not a restriction as in a planar PMT assembly, where the glass window thickness becomes
prohibitive if the span is unsupported, whereas a metal thickness could be made sufficient
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for any vacuum and be counted as part of the absorber, and the presence of internal
supports of the vacuum envelope (non-glass window) are not as disruptive as in a PMT.
For example, the supports might obscure as much as 10% of the SEM cathode or dynode
(on a few cm areal scale), with little effect on the performance of a forward calorimeter,
as the effective open detection area is not as critical as in a PMT for single photon
detection. In one realization, for example, the sem cathode, mesh dynodes, and anode are
all supported by simple stackable ceramic support grids, fired from a molded greensheet.
The dynodes can be spaced at ~1 mm apart, as in modern PMT. Given that a 10 stage
PMT at 2 kV typically has a gain of 106, a 5 stage gain section with g=1,000 at 1 kV is
reasonable. The SEM cathode, dynode stack, and anode could be less than 1 cm thick. A
simple metal package could use ~5-15 mm thick plates on top & bottom to withstand
vacuum over a 30+ cm span, with a 1 mm thick x 1 cm deep metal wall between them,
with a brazed ceramic fitting on the anode side for the HV and signal. As an example, an
effective 2.5 cm Cu thickness with an effective 1 cm of vacuum SEM detector would
have a density ~ 70% of Cu. A tile might be ~3.5-4 cm thick, with a ~30 cm major
diameter, in square or hexagonal cross-section to the beam, or even as sectors, with the
anode segmented appropriately for the polar-angle sectors, and with appropriate bias for
signal and HV to pass through a stacked calorimeter. With care, the dead region between
tile edges could be as small as 3-4 mm, which could be ameliorated by alternating
overlap in subsequent longitudinal tiles.
For the phase I R&D on this project, we propose studying the possibility of this to a
sufficient level where information on performance and cost are sufficient to enable a
decision to build a prototype calorimeter in subsequent proposal phases. The R&D will
investigate: (A) materials to obtain high secondary emissive surfaces for mips, based
largely on SEM monitors used for accelerator beam diagnostics, and various dynode
technologies, based on new planar PMT dynode technologies (electrochemically etched
metal dynodes, others) appropriate for gains of few x 1000 per secondary electron; (B)
GEANT Monte Carlo of predicted performance based on the results of (A), for response
of incident electrons between ~10 MeV – 250 GeV, including secondary electron optics;
(C) Engineering Point Designs for assembly, vacuum integrity, signal presentation, and
costs; (D) Construction & Tests (including raddam) of a single secondary emission
detector package at least 5cm x 5cm square.
We will be collaborating with the group of Dr. M. Woods/SLAC and Eric Torrence/U.
Oregon on this research.
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Institution
Iowa
Iowa
Fairfield
Iowa
Fairfield
Fairfield
Iowa
Iowa
Fairfield

Item
Partial support for post-doc
Partial support for grad. student
Support for undergrad. student
Detector/Raddam testing/operations
Detector/Raddam testing/operations
Secondary Emission Detector Package
Engineering
Travel
Travel
Indirect cost @ 25.5%
Grand total

Figure 1:
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FY04
$16.0k
$3.0k
$3.0k
$ 5.61k
$27.61k

FY05
FY06
$8.0k
$5.0k
$5.0k
$10.0k
$6.0k
$3.0k
$2.0k
$3.0k
$2.0k
$ 6.12k $ 5.1k
$30.12k $25.1k
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3.4: Extraction Line Energy Spectrometer
(renewal)
Luminosity, Energy, Polarization
Contact person
Eric Torrence
torrence@physics.uoregon.edu
(541) 346-4618
Institution(s)
Oregon
Funds awarded (DOE)
FY04 award: 24,000

New funds requested
FY05 request: 38,467
FY06 request: 42,077
FY07 request: 0

3.4

359
39

Extraction Line Energy Spectrometer
Classiﬁcation (subsystem)
Machine-Detector Interface
Personnel and Institution(s) requesting funding
Eric Torrence (professor), University of Oregon
Project Leader
Eric Torrence
torrence@physics.uoregon.edu
+541.346.4618
Project Overview
A measurement of the absolute collision energy with a relative precision approaching 10−4 is a
critical component of the linear collider physics program. Measurements of the top quark and
Higgs boson masses to 50 MeV can only be performed if this level of precision is achieved. We
propose a two-year program to complete the conceptual design of a downstream beam energy
spectrometer capable of this level of precision, initial beam tests to validate this design, and
simulation studies to show how this beam energy measurement can be combined with other
available information to determine the luminosity-weighted collision energy.
The downstream spectrometer design is based on the WISRD spectrometer which provided a
continuous absolute energy scale measurement with a precision of 2 × 10−4 during the eight
years of SLC operation at SLAC.[1] In the WISRD scheme, shown in Figure 1, two horizontal
dipole magnets produce stripes of synchrotron radiation that are detected at a downstream
wire array. The separation between these stripes, provided by the bending of a third vertical
dipole magnet, is then inversely proportional to the beam energy.
In the current strawman design for the ILC, we propose to insert a chicane or bump in the
extraction line and use wiggler magnets to produce the signal synchrotron stripes. The detector plane would be constructed from quartz ﬁbers which would detect Cherenkov radiation
from secondary electrons produced by the incident synchrotron radiation. The advantages of
quartz ﬁbers over wires include simple readout with multi-anode PMTs, reduced RF pickup
from the beam passage, and a natural energy threshold at 200 keV.
In addition to the design and optics layout in the extraction line for the ILC spectrometer,
we propose to test the detection of O(1 MeV) photons via secondary electron Cherenkov
radiation in quartz ﬁbers with a dedicated beam test at SLAC End Station A (ESA). This
test is envisioned in FY05 or FY06, and is the ﬁrst step towards a full-scale spectrometer
prototype which we would foresee in roughly ﬁve years time.
This work is being proposed as a single component of a broader coordinated eﬀort to provide
the beam instrumentation necessary for the LC physics program. The downstream spectrometer is seen as a complimentary eﬀort to the upstream BPM-based spectrometer which
is being pursued by other groups. In addition, the critical question of how to stitch together the various beam-based measurements and physics reference reactions to determine
the luminosity-weighted collision energy at the interaction point must also be answered. Coordination of a world-wide eﬀort to demonstrate an answer this question by the end of this
year is also part of this proposal.
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Figure 1: The SLC WISRD energy spectrometer
Broader Impact
An important part of the linear collider research which has been performed at the University
of Oregon is the involvement of undergraduate Physics students in the research and design
process. Three undergraduates have been directly involved in the spectrometer project over
the last two years, and all three have made important contributions to the design. The
ﬁrst, Paul Csonka, actually built by himself the prototype quartz ﬁber detector which will
be tested at SLAC ESA. The other two, Brooks Harrop and Matt Sternberg, have played
central roles in the design of the ESA beam test and the ILC extraction line spectrometer
respectively. We intend to continue to use undergraduate students as in integral part of
this project, providing an important and unique opportunity for our students to learn HEP
techniques and participate in HEP research.
This project was one of the ﬁrst test beam proposals made to SLAC to use the ESA facility
as a test-bed for linear collider beam instrumentation and other tests related to the LC
interaction point.[2] This initiative, organized by Torrence and Mike Woods (SLAC) is viewed
as an important eﬀort to build up the ESA capabilities for test beams and make the lab aware
of the interests and needs in this area within the LC community.
Results of Prior Research
This project has been funded since FY03 by DOE with University LC R&D funds. In that
time, we have constructed a prototype quartz ﬁber detector with eight 100 micron ﬁbers and
eight 600 micron ﬁbers on a 1 mm pitch read out using a Hamamatsu R6568 (16 channel)
multi-anode PMT. Figure 2 shows the R6568 with the 16 ﬁbers from the prototype detector
coupled in from the right. This detector is intended to be installed in ESA sometime this year.
The primary motivation is to measure directly the yield of Cherenkov photons to validate the
Monte Carlo models needed to design the ILC extraction-line spectrometer. A secondary
motivation is to test the detector design and look for other unexpected sources of background
in the detector. Possible examples include stray beam particles, scintillation, or RF pickup.
We have also assembled a small test-stand with light box to test various coupling schemes
of quartz ﬁbers to MAPMTs. Some eﬀorts were made to measure the yield of Cherenkov
photons in 100 micron quartz ﬁbers using a miniature cosmic ray telescope. These initial
tests showed that Cherenkov photons were being produced, but work continues to improve
the system such that quantitative measurements of the yield can be performed.
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Figure 2: The PMT used to read out the prototype Quartz ﬁber detector is shown.
Work has also progressed in association with Mike Woods and Ray Arnold at SLAC on the
speciﬁc design of the ESA beam test (SLAC T-475).[3] To reduce costs, half of a chicane
(two dipoles) would be constructed using recycled SPEAR 10D45 dipoles. These magnets
will provide a dogleg in the high-energy ESA beam, and synchrotron radiation would be
produced using an old SPEAR wiggler magnet which can also be salvaged. The critical
energy of the wiggler magnet is 0.9 MeV for a 29 GeV electron beam which is adequate to
produce a detectable Cherenkov signal through Compton electrons produced in material near
the ﬁbers. The expected backgrounds from the bend magnets, with critical energy of around
0.1 MeV, is essentially zero.[4] The layout of the ESA test program including T-475 is shown
in Figure 4. Exact details of cost and schedule are currently being worked out.
In addition, work has begun using the extraction line optics decks produced at SLAC for the
ILC strawman beam delivery design to asses the ILC spectrometer performance and provide
feedback to the optics design. The current extraction line, produced by Yuri Nosochkov at
SLAC, is shown in Figure 3. The ﬁrst bump would be the location of the spectrometer dipoles
and wigglers. This spectrometer bump has been separated from the polarimeter chicane in
this design to allow the synchrotron radiation detectors to be situated near the secondary
focal point.
Facilities, Equipment and Other Resources
The University of Oregon has a well equipped machine and electronics shop which has been
used to construct the prototype quartz ﬁber detector. The capabilities of this shop include
high-vacuum fabrication, and if necessary the complete detector and beampipe package can
be constructed locally at Oregon. In addition, we plan to use the existing capabilities of
SLAC End Station A, including data acquisition infrastructure, along with technical support
provided by SLAC to provide the beam for this test.
Some of the Oregon research staﬀ resident at SLAC, namely Nick Sinev and Olya Igonkina,
will likely be enlisted to support the installation and operation of the equipment in the T-475
beam test.
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Figure 3: Current ILC extraction line layout for 20 mRad crossing angle.
FY2005 Project Activities and Deliverables
There are three speciﬁc tasks scheduled for FY05.
First, the conceptual design of the extraction line spectrometer will be completed. The
current optics deck will be translated into a Geant4 description as part of the BDSIM project
lead by Grahame Blair of Royal Holloway. We will use this code to assess the spectrometer
performance, expected resolution, and backgrounds for realistic disrupted beams simulated
by GuineaPig. From the results of this simulation work, the design will be iterated until the
necessary energy resolution can be achieved.
Second, the prototype detector which has already been built will be prepared to be installed
in SLAC ESA. It is not clear at this time whether the actual test beam will be run during
FY05 or FY06, but ﬁnal preparations including construction of a detector stand on a movable
stage can be ﬁnished this year.
Third, an eﬀort has begun to demonstrate in a Monte Carlo exercise that the combined information available in detectors like the downstream spectrometer combined with the physics
reference reactions like Bhabha scattering actually provide all of the information necessary
to measure the luminosity-weighted collision energy to the precision needed for the physics
program. The idea is extract the luminosity spectrum using only experimentally available
information and then use this extracted spectrum to calibrate a measurement of some physics
reference reaction, like the Higgs boson mass. By investigating this process under a variety
of simulated machine operating conditions and possible operational pathologies, we intend to
verify that this procedure is robust against machine conditions. This work, currently being
coordinated by Torrence and Stewart Bogart (UCL), is expected to have completed a ﬁrst
round by the Snowmass meeting this Summer. More detailed iterations on this study will
likely continue in FY06.
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Figure 4: Layout of end station A including magnets for T-475 at the far downstream end. The
quartz ﬁber detector will sit an additional 30 meters downstream.

FY2006 Project Activities and Deliverables
The downstream spectrometer is also an ideal place to measure the energy width of the
machine, along with tracking the long energy tail produced by the disruption at the collision
point. In the second year of this proposal, it is foreseen to extend the design study in the
ILC extraction line to include the performance of this device to make beam energy width
measurements and measurements of the long disrupted energy tail. It is also expected to
develop a more detailed detector simulation within Geant4 and begin the process of evaluating
the backgrounds expected in this device.
The ability to measure the energy proﬁle of the disrupted beam directly with the downstream
spectrometer would open up a potentially useful diagnostic of the collision properties of the
machine at the interaction point. Initial Monte Carlo studies by one of our Graduate Students
(Jeﬀ Kolb) indicates that there may be enough information in this disrupted energy tail to
correct for collision biases at the interaction point, although this study was essentially done
at the MC truth level. Once a realistic simulation of the extraction line and spectrometer
detector is available within Geant4, this study can be revisited with more realistic conditions.
It is very likely that the ESA beam tests will not actually run until FY06, or a second
prototype detector constructed based on what is found in the ﬁrst tests. We already have
an 64 channel PMT (H7546) from which we would like to build a more realistic prototype
detector with 64 wires arrayed on a ﬁner pitch. In addition to the quartz ﬁber detector, it
is foreseen to have a diagnostic detector imaging the visible synchrotron light onto a gated
CCD camera upstream. Interested collaborators in this project have been identiﬁed, and
we are currently discussion how best to coordinate this interest into the eﬀort. This visible
synchrotron light could potentially also be used to measure the beam energy directly, or it may
be a better detection technology to measure the beam energy width. Imaging synchrotron
light has been used at LEP and ESA for some time as a monitor of bunch size and energy
proﬁle, but signiﬁcant technical problems remain in making a calibrated absolute position
measurement using this sort of device.
In the long term, the goal is to produce a full-blown spectrometer prototype running in
ESA which demonstrates the 10−4 goal of the ILC physics program. This work would be
coordinated in conjunction with the BPM spectrometer eﬀort such that the two devices can
be directly compared to each other. Funding for this work is not currently being requested,
as this is seen as coming several years in the future.
Budget justiﬁcation
We are requesting support for two undergraduate students and half of a graduate student to
continue the design work which has been ongoing at the University of Oregon. The other
half of the graduate student will either be supported by the University of Oregon physics
department as a teaching assistant, or will be funded out of our main DOE grant. In addition,
travel funds are requested in the second year ($600/student) to allow the undergraduates to
participate in a one-week test beam run at SLAC. Further funds are requested to allow
Torrence to more fully participate in the ILC Machine-Detector Interface activities which are
being held on the machine side. These funds (approx. $2500) would allow Torrence to attend
one additional meeting in Europe or Asia per year, such as the ILC Beam Delivery workshop
scheduled for 20-23 June in London.
Equipment money of $1800 per year is requested to build remaining hardware needed for the
ESA beam tests, including mechanical mounts for the detector and beam line elements to
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be installed in ESA. Some of this money will also be used to construct the second prototype
detector based on a 64 channel PMT which has already been purchased with previous LC
R&D funds.
Two-year budget, in then-year dollars
Item
FY2005
Graduate Students
20,325
Undergraduate Students
12,701
Total Salaries and Wages 33,026
Equipment
2,266
Travel
0
International Travel
3,175
Total costs (1)
38,467
(1) All costs include beneﬁts and 26%

FY2006
21,494
13,336
34,830
2,520
1,512
3,215
42,077
overhead

Total
41,819
26,037
67,856
4,786
1,512
6,390
80,544
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A Demonstration of the Electronic and Mechanical Stability
of a BPM-Based Energy Spectrometer for
the International Linear Collider
Classification (subsystem)
Machine-Detector Interface
Personnel and Institution(s) requesting funding
Michael D. Hildreth, University of Notre Dame
Collaborators
Yury Kolomensky, Lawrence Berkeley National Laboratory and University of California,
Berkeley
Ray Arnold, Joe Frisch, Marc Ross, Peter Tenenbaum, Mike Woods, Stanford Linear Accelerator Center
David Miller, Alex Ljapine, University College London
David Ward, Mark Thomson, Cambridge University
Project Leader
Michael Hildreth
mikeh@undhep.hep.nd.edu
(574) 631-6458
Project Overview
This proposal seeks to demonstrate that a BPM-based Energy Spectrometer can be built
which is both compatible with the ILC accelerator and can meet the energy measurement
requirements driven by the ILC physics program.
Much of the physics of the future e+ e− Linear Collider will depend on a precise measurement of the center-of-mass energy (ECM ), the differential dependence of luminosity on energy
(dL/dE), and the relationship between these two quantities and the energy of a single beam
(Ebeam ). Studies estimating the precision of future measurements of the top mass[1] and the
higgs mass[2] indicate that a measurement of the absolute beam energy scale of 50 MeV for
a 250 GeV beam (δEbeam /Ebeam ∼ 1 − 2 × 10−4 ) will be necessary to avoid dominating the
statistical and systematic errors on these masses. If precision electroweak measurements become necessary, the requirements on the beam energy measurement are even more stringent.
Studies of a scan of the W W pair production threshold[3] have shown that an experimental
error of 6 MeV may be possible, implying a needed precision of δEbeam /Ebeam ∼ 3 × 10−5 (and
likely an alteration in accelerator parameters to control dL/dE). Provisions must be made in
the overall accelerator design to provide adequate beamline space for the devices which will
provide these energy measurements. Moving accelerator components well after construction
in order to provide additional space for energy measurement instrumentation is likely to be
both extremely disruptive and extremely expensive. We are in a situation, however, where no
direct energy measurement technique except resonant depolarization (RDP)[4] has provided
an energy determination of sufficient precision. Since RDP will not work in a single-pass
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collider, spectrometer techniques must be developed which meet the specifications demanded
by physics measurements.
Previous experimental requirements on precision energy measurements at electron-based accelerators have led to the development of several techniques. At Jefferson Lab, wire scanners,
etc.[5] have been used to provide a precision of δEbeam /Ebeam ∼ 1 × 10−4 at beam energies of
about 4 GeV. At higher energies, dedicated magnetic spectrometers have been constructed.
At the SLC, the WISRD (Wire Imaging Synchrotron Radiation Detector)[6] was used to measure the distance between two synchrotron stripes created by vertical bend magnets which
surrounded a precisely-measured dipole that provided a horizontal bend proportional to the
beam energy (∼ 45 GeV). This device reached a precision of δEbeam /Ebeam ∼ 2 × 10−4 , where
the limiting systematic errors were due to the relative alignment between the three dipole
magnets and background issues associated with measuring the precise centroids of the synchrotron stripes. At LEP2, a magnetic spectrometer was incorporated into the LEP ring[7].
A precise map of the magnetic field at a series of excitations allowed a comparison of the
nearly-constant bend angle across a range of LEP beam energies[8]. Since a precise calibration using RDP at the Z 0 pole was possible, the spectrometer provided a relative energy
measurement between this lower point and and physics energies (∼ 100 GeV). In this case,
standard LEP Beam Position Monitors (BPMs) fitted with custom electronics were used to
provide the angle measurement. This spectrometer has provided an energy determination at
LEP2 energies of δEbeam /Ebeam ∼ 2 × 10−4 , where the dominant errors have come from the
stability of the BPM electronics.
As can be seen from the above results, ILC physics may require between a factor of 5 and 10
more precise energy determination than has been achieved with existing techniques. Bridging this gap is an essentially-technical challenge, where clever engineering solutions to the
problems of nanometer-scale stability and resolution will be necessary. We need to develop
a prototype support and position-monitoring system for the “magnetic spectrometer” option for Energy measurement, and, coupled with RF-BPM development at LBL and SLAC,
a prototype BPM-based energy spectrometer which can demonstrate the required accuracy
and stability in an electron beam test. The end goal of the proposal is the design of a
magnetic-spectrometer-based Energy Measurement system for the ILC which can reach the
desired precision. The “magnetic spectrometer” option is chosen as the focus primarily because it may be the only technique capable of achieving this goal in a position upstream of
the Interaction Region, where manipulation of the beam phase space is very restricted.
The need for tests of this nature is becoming critical as the Global Design Effort progresses,
since it directly impacts the design of the ILC Beam Delivery System. As elaborated below,
the allowed emittance growth in the chicane is a primary design parameter and requires
design iteration with the optics experts currently laying out the accelerator components in
this crucial region of the machine. The constraints provided by the available space and the
limits on modifications of the beam parameters drive the stability and resolution requirements
of the spectrometer components. However, if tests show that these tolerances are not feasible,
the accelerator insertion will need to be redesigned. Test beam plans for the near future are
discussed below.
Energy Spectrometer Overview
As summarized in Figure 1, a magnetic spectrometer at the LC will consist of a chicane of
dipoles which deflect the beam for an energy measurement and return it to the lattice. In
order to make an absolute, stand-alone energy measurement, the main dipoles will need to be
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Figure 1: A schematic outline of an accelerator dipole chicane which could accommodate a
BPM-based magnetic spectrometer at a future linear collider. The yellow rectangles denote
possible BPM locations.
turned “off”, in the situation shown at the center of Figure 1. Once the central BPM or BPMs
measure a straight line, the dipoles can be re-energized, and the deflection relative to the initial
straight line can be measured, determining the energy. Cycling the magnets between negative
and positive polarities (“dithering”), as shown in Figure 3 below, cancels several systematic
errors, especially that due to residual magnetic fields for the “straight line” measurement.
Comparisons between the straight-line and “dithered” measurements will also be necessary
to determine some systematic errors. To avoid hysteresis effects during operation, it is most
likely that these dipoles should be super-conducting rather than typical iron dipoles. The
BPMs external to the chicane are necessary to measure the incoming position and angle of
the beam.
In order to make the energy measurement, the BPM response/gain/calibration must be stable
over the time it takes to move the BPM or BPMs between the extrema of their excursions; the
position of each of the BPMs relative to the inertial straight line must be known with sufficient
accuracy and stability; and the BPMs must be able to be moved repeatedly and accurately
over length scales of order 1cm with a precision of tens of nanometers. This proposal seeks
to demonstrate the feasibility of each of these conditions in the context of deriving an overall
design for a BPM-based spectrometer that is consistent with the ILC Beam Delivery lattice.
Prototyping the Mechanical Stability of a BPM-based Energy Spectrometer breaks down into
three natural stages:
1. establishment of a reference “straight line” optical or mechanical system to serve as the
reference line for the energy measurement; demonstration of its stability, sensitivity to
motion, and transverse measurement accuracy
2. design, fabrication, and testing of mechanical support structures and BPM movers to
ascertain their short- and long-term stability
3. addition of a BPM triplet or quadruplet to measure beam position, resolution, and
stability of position in a beam test. A dipole can then be added to prototype a full
spectrometer system.
Before presenting the proposed future research, a review of recent progress is necessary.
Results of Prior Research
Although no funding has been allotted to this effort, the project has made substantial progress.
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This has been driven by the urgency of the technology demonstration, and the need to interface with other R&D efforts, such as the nano-BPM test program at ATF[9].
SLAC End Station A Test Beam
In June 2004 a proposal for a test beam experiment at SLAC’s End Station A was submitted,
with myself as spokesperson[10]. This program, designated T-474, is intended to provide the
opportunity for a complete test of a BPM-based spectrometer system in a multi-year series of
short experiments, and is part of a larger test-beam program envisioned at End Station A[11].
It has as collaborators groups from SLAC, LBL, University College London, and Cambridge
University. This program has now been approved by SLAC; first beam is expected sometime
in early FY06. The initial program will include electronic stability tests of cavity BPMs that
were moved from the front end of the SLAC linac, looking at single and multi-bunch resolution
issues with the expected 337 or 168 ns bunch spacing. Some preliminary tests of mechanical
stability are also envisioned for this year, pending results of STS-2 seismometer[12] studies
scheduled for summer. Subsequent years will see the measurement of the mechanical and
electrical stability and their impact on the ultimate energy resolution of the spectrometer,
and a test of the entire energy measurement system. Monetary support for this effort is
necessary if I am to continue working on this program.
NLC BDS 1 TeV CM Configuration with Spectrometer Chicane

NLC BDS 1 TeV CM Configuration with Spectrometer Chicane
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Figure 2: Left: An overview of the twiss parameters for a 2004 version of the NLC Beam
Delivery System, which is very similar to the forthcoming ILC one. The collimation system
lies at the center of the left figure and the IP at the right; the Energy Spectrometer is around
the 1360 meter mark. Right: A closer view of the Spectrometer region. The total length
of the spectrometer insert here is approximately 37 meters. The large increase in dispersion
here is a small bump on the left plot, with a maximum of 1mm. This set of optics will be
modified in the final design to make the beta functions more symmetric in the Spectrometer
region and to provide larger dispersion.
Interferometric Position Monitoring
At Notre Dame, I have taken delivery of a ZYGO 4004-based interferometer system, originally
purchased by SLAC for the ATF nano-BPM effort. I am in the process of evaluating its
potential usefulness as a device to monitor the local position of a BPM-like mass. By summer,
I expect to have some results and a preliminary design for a “local” optical monitoring system
for a single BPM for use in the End Station A beamline.
Discussions have also begun with the Oxford LiCas[13] group, who are very interested in
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Figure 3: An example of an Energy Spectrometer chicane with a central dispersion of 5mm
and a bend angle of 233 µrad. The length of this chicane is approximately 55 meters. This
version, with longer initial and final dipoles, is being integrated into the ILC lattice.
developing a straightness monitor with nanometer resolution over distances approaching 1
meter transversely.
Optics Design
The exact details of the accelerator optics around the spectrometer have yet to be determined
(see FY2006 deliverables), and, as discussed above, will ultimately depend on the achievable
stability and resolution. A preliminary chicane has be designed by Peter Tennenbaum which
will allow the straight-ahead and deflected beams to pass through to the rest of the accelerator
with an acceptable emittance growth. The details are shown in Figure 2. As designed, this
chicane requires sub-100nm total BPM resolution and stability, which may be too stringent.
We have recently attempted to optimize this design further to relax the constraints on the
position measurement. An example of this is shown in Figure 3, where we have lengthened
the bends at the high dispersion point in order to minimize the emittance growth due to
the emission of synchrotron radiation and have changed the overall length of the chicane to
achieve more position deviation at the central point. A modified version of this example is
being implemented in the Beam Delivery System of the new ILC lattice. The question mark
on the diagram refers to the possibility of adding extra BPMs to over-constrain the beam
position measurement. Redundancy was an important part of the LEP spectrometer design
which turned out to be crucial in the final energy analysis[7]. This remains to be optimized.
Proposed Research
This proposal seeks to continue the line of research begun over the past two years until a
design for the BPM-based spectrometer exists whose parameters have been justified by test
beam data.
This work will include an iterative design procedure which takes into account the constraints
imposed by the parameters of the incoming beam and the induced emittance growth. Challenges are posed by external parameters, such as incoming beam current, position and angle
jitter, residual magnetic fields, and measuring and monitoring the integrated bend field in
all four dipoles. These effects will be confronted with the available, measured mechanical
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stability and the measured electronic stability and resolution of the BPMs. Only then can a
robust spectrometer with sufficient resolution be designed.
While the overriding concern of this proposal is the ultimate proof-of-principle and design of
the spectrometer itself, the specific focus of the Notre Dame effort is mechanical stability and
monitoring the positions of the beamline components. The establishment of an “straight”
line reference is most easily achieved optically in this case with a laser interferometer, which
can be set up under vacuum to minimize thermal effects. Monitoring of the relative positions
of the BPMs and the optical elements themselves can be achieved using the same techniques
that have been developed for the stabilization of the LC Final Focus quadrupoles at SLAC
and at the University of British Columbia[14] or the LiCas project[13]. We hope to benefit
by close collaboration with these groups. Local position measurements of the BPMs, from
either optical encoders or interferometric systems, will also be necessary, and we will pursue a
suitable solution to this problem as our first priority. Sensitivity tests in our lab at this stage
will require piezo movers of known calibration, and perhaps a capacitive position encoder.
Seismometers such as the STS-2[12] will also be tested for long-term stability.
For the geometry shown in Figures 1 and 3, the required BPM resolution and stability of
measurement is roughly 100-200 nm. Since RF-BPMs with a resolution of 25 nm[15] have
been used at the Final Focus Test Beam at SLAC and at the ATF, the necessary performance
in terms of pure resolution has been achieved. Stability over the measurement time, however,
has yet to be demonstrated. Development at LBL/Berkeley and SLAC will focus on these
issues, as they will provide the RF BPM components which complement the mechanical
systems outlined here. Ample tests of these parameters will be made at SLAC and at ATF
over the coming years. The tantalizing possibility exists that the BPM resolution will be
good enough to make a relative energy measurement along the bunch train for the full ILC
bunch with energy resolution much better than the average energy spread.
A crucial item for this project is the BPM movers. Designers for the magnet support structures
are currently considering a modified version of the FFTB magnet movers[16] to support the
magnetic elements in the Beam Delivery System. These are robust cam-driven movers capable
of positioning with little backlash at a precision of 0.3 µm. A re-design of these movers should
be possible to yield a mover with better precision and the longer travel distance required for
our applications. SLAC designers will act as consultants on the support stand design and
fabrication.
As detailed above, these systems will be subject to repeated testing in the End Station A
beam. Verification of position resolution and stability in a real beamline is essential for the
success of the spectrometer. Many beam-induced effects are possible (and were experienced
in building the LEP Spectrometer), such that significant beam test time will be necessary in
order to iterate on the electronic or mechanical systems if needed. Only then can one arrive
at a final design with sufficient performance. As well as contributing invaluable ideas and
insights throughout the process, our SLAC collaborators will provide logistical support and
coordination for the final stage of the project when beam tests occur, as is specified in the
test beam proposal.
Broader Impact
This project provides an ideal opportunity for students, particularly undergraduates, to gain
hand-on experience working on cutting-edge research. Already, two undergraduates are working in our lab at Notre Dame setting up the interferometer system, writing the VME data-

373
53

acquisition code, and performing stability tests. The project requests support for summer
stipends for undergraduates to spend time at SLAC working on setting up the test beam
equipment and evaluating hardware, such as the seismometers.
The collaboration formed for this enterprise includes several groups from Europe who will
bring talented students, postdocs, and engineers into the project. This bolsters not only the
project itself but the real international partnerships that have formed to carry out the ILC
design and construction.
Facilities, Equipment and Other Resources This project will have access to SLAC End
Station A, with ancillary infrastructure provided by SLAC. This includes computing, data
acquisition, rigging, electricity, etc. Our lab at Notre Dame includes a VME-based test station
and an optical table and components for interferometry tests.
FY2005 Project Activities and Deliverables In 2005 initial tests will begin to determine appropriate methods of measuring the mechanical stability of the BPMs. Seismometers, interferometers, and other encoder methods will be studied. Development of appropriate
movers for the BPM positioning will begin. In parallel, an investigation of the potential locations of such a device in the accelerator lattice will be explored. The first deliverable is a
conceptual design of an appropriate way to monitor the local position and tilt of a BPM to
sub-100nm precision over long time scales. The second deliverable is a conceptual spectrometer design with an optics deck for the ILC design including the spectrometer chicane. This
prototype design should meet all accelerator constraints and should easily reach the design
goal of 10−4 energy precision subject to the expected stability and resolution.
FY2006 Project Activities and Deliverables The second year of the project will produce a prototype local position readback system for testing in the End Station A beamline.
Prototype designs for the overall “straightness monitor” will also be developed. The aim of
the End Station A tests in FY2006 will be to demonstrate electric and mechanical stability
in the beam at the 10−4 level. Procedures for measuring and monitoring the BPM gains will
be developed.
FY2007 Project Activities and Deliverables FY2007 will see the installation of a dipole
in the End Station A line for a prototype energy measurement. The straightness monitor, in
whatever form it takes, will be installed. A 10−4 energy measurement will be made, and compared to the synchrotron light spectrometer in the same beamline. Studies of BPM scanning
procedures will be made.
Budget justification: The first year’s experiments involve setting up the optical interferometer system and making some simple measurements. This will be accomplished by staff
members (not included here) with the help of an undergraduate. Sufficient equipment and
supply funds are included in order to purchase a vacuum system in which to run the interferometer, and piezo movers for testing. Travel funds sufficient for visiting SLAC are included
in all years.
The second year will involve mechanical design and fabrication of the straightness monitor
prototype and the local position readback system. Costs for engineering (1/3 FTE) and
fabrication are included. Manpower for mounting this effort will come from an undergraduate
student and a full-time graduate student as well as staff (not included).
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This level of staffing continues in the third year, as more components for the position monitoring will be needed for the final spectrometer test. As the construction progresses to a final
position measurement system, more and more of the equipment funds are capital equipment,
hence the lower indirect costs.
Three-year budget, in then-year K$
Institution: University of Notre Dame

Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Total direct costs
Indirect costs
Total direct and indirect costs

FY2005
0
0
3
3
0
3
10
4
6
0
23
5
28

FY2006
30
22
3
55
6
61
30
4
5
0
100
33.5
133.5

FY2007
32
24
4
60
6.4
66.4
30
4
5
0
105.4
35.7
141.1

Total
62
46
10
118
12.4
130.4
70
12
16
0
228.4
74.2
302.6

References
[1] D. Peralta, M. Martinez, R. Miquel, “Top Mass Measurement at the tt̄ Threshold, in the
Proceedings of the Linear Collider Workshop 1999, Sitges, Spain. Also availalable from
http://www.desy.de/∼lcnotes/.
[2] P. Garcia, W. Lohmann, A. Rasperezea, “Measurement of the Higgs Boson Mass
and Cross section with a linear e+ e− Collider”, LC-PHSM-2001-054, available from
http://www.desy.de/∼lcnotes/.
[3] G. W. Wilson, “Precision Measurement of the W Mass with a Polarised Threshold Scan at a
Linear Collider”, LC-PHSM-2001-009, available from http://www.desy.de/∼lcnotes/.
[4] L. Arnaudon et al., “Accurate determination of the LEP beam-energy by resonant depolarization”, Z. Phys. C66 (1995) 45.
[5] C. Yan et al., “Superharp: A Wire scanner with absolute position readout for beam energy
measurement at CEBAF”, Nucl. Instrum. Meth. A365 (1995) 261.
I.P. Karabekov, “High precision absolute measurement of CEBAF beam mean energy”,
CEBAF-PR-92-004, March 1992
P. E. Ulmer et al., “Absolute Beam Energy Determination at CEBAF”, IN2P3 note
PCCF/RI/9318, 1993.
[6] J. Kent et al., “Design of a Wire Imaging Synchrotron Radiation Detector”, SLAC-PUB-5110,
January 1990.

375
55

[7] R. Assmann et al. (LEP Energy Working Group), “Calibration of Centre-of-Mass Energies at
LEP2 for a Precise Measurement of the W Boson Mass”, CERN-PH-EP-2004-032, CERNAB-2004-030 OP, December 2004, to appear in Eur. Phys. J. C.
[8] R. Chritin et al., “Determination of the Bending Field Integral of the LEP Spectrometer
Dipole”, CERN-PH-EP-2004-058, CERN-AB-2004-094, October 2004, to appear in Nucl. Instrum. Meth. A.
[9] M. Ross et al., “Very High Resolution RF Cavity BPM” SLAC-PUB-9887, May 2003, Presented
at Particle Accelerator Conference (PAC 03), Portland, Oregon, 12-16 May 2003. Published
in PAC 03: Proceedings. v.4. pp. 2545-2547.
[10] M. Hildreth et al., “Linear-Collider: BPM-based Energy Spectrometer”, SLAC test beam request, June 11, 2004.
[11] Y. Kolomensky et al., “Beam Instrumentation Tests for the Linear Collider using the SLAC A-Line and End Station A”, SLAC-LOI-2003.2, October 2003,
http://www.slac.stanford.edu/grp/rd/epac/LOI/LOI-2002.3.pdf;
“Update on SLAC LOI-2003.2”, IBPI-TN-2004.2, May 2004,
http://www.slac.stanford.edu/xorg/lcd/ipbi/notes/LC-LEP%20update.pdf.
[12] “Zeroth Order Design Report for the Next Linear Collider”, Appendix C, SLAC-R-0474, May
1996.
available at http://www.slac.stanford.edu/accel/nlc/zdr/Snowmass96/ZDRAPPC.PDF
[13] http://www-pnp.physics.ox.ac.uk/∼licas/
[14] T. Mattison, “Vibration Stabilization R&D at the University of British Columbia”, published
in Proceedings of the 22d Advanced ICFA Beam Dynamics Workshop SLAC-R-0474,on Ground
Motion in Future Accelerators, Stanford Linear Accelerator Center, Stanford CA, Nov. 6-9,
2000, ed. A. Seryi, p. 567-577 (2000).
[15] T. Slaton, G. Mazaheri, and T. Shintake, “Development of Nanometer Resolution C-Band
Radio Frequency Beam Position Monitors in the Final Focus Test Beam”, SLAC-PUB-7921,
August 1998.
[16] G. Bowden, P. Holik, S.R. Wagner, G. Heimlinger, R. Settles, Nucl. Instrum. Meth. A368 579
(1996).

376
56

3.6

Luminosity, Energy, Polarization

3.6: Polarimetry at LC
(new proposal)
Luminosity, Energy, Polarization
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Project Overview
Introduction:
A high (~80%) and precisely known electron beam polarization is considered as a key
feature at LC to detect and unambiguously interpret new physics signals [1]. Accurate
measurements of beam polarization will be needed. The goal for the precision
polarimetry is 0.25% as explained in [2]. Primary polarimeter is currently envisioned to
be similar to SLD polarimeter, measuring the asymmetry of Compton-scattered electrons
near the kinematic edge using a threshold gas Cherenkov counter. Our goal for this
proposal is to investigate alternate polarimeter schemes.
i)
ii)

use of a quartz fiber calorimeter (or counter) for either the Compton-scattered
gammas or electrons
W-pair asymmetry using forward W-pairs; determining forward detector
requirements to do this.

Following the remarkable success of Compton backscattering polarimeters [3] at SLC
and LEP, this method is a prime choice also at LC [4].
Detection schemes
The performance of electron polarimeters in the challenging environment at LC will
crucially depend on the detection schemes for scattered electrons or photons. Quartz
Fiber Calorimeters [5] have been proposed for a number of applications in extreme
experimental conditions of very severe radiation levels both at hadron and lepton
machines. Extensive studies have been carried out for the design of large detectors and
realistic beam tests on full scale prototypes [6] have been performed recently. In
particular, the Iowa group has been leading an effort aimed at building a very forward
QFC (HF) for the CMS experiment at LHC [7] since 1994. The available information and
know-how collected give evidence that such a type of detector would respond ideally to
the highest level of requirements for a LC polarimeter, as already demonstrated at SLC
[8]. QFC are radiation hard at the level of more than 2 Grad. The 0.2 MeV Cerenkov
threshold makes the detector insensitive to a large fraction of soft radiation. With high-Z
absorber material (for instance tungsten), the showers corresponding to high energy
electrons or photons are completely contained in a compact device. Their transverse size
is so small to provide an excellent position resolution and angle determination. The
flexibility in the QF arrangement and in the PM readout can be matched to the required
granularity for space resolution and density for energy resolution. The basic formalism
for Compton polarimeter is given in Ref [9].
R&D Program
Our R&D study of a QFC designed for a LC polarimeter will largely benefit from our
experience on the QF technology and the calorimetry properties of such devices. We
gained this experience in the design and tests of the prototypes for the HF calorimeter of
CMS. This extensive work background means substantial savings of time, efforts and
costs in case of a specific project for a LC polarimeter detector. We will begin our R&D
effort with studies and simulations to determine requirements for a QFC polarimeter and
investigate its systematics. We will compare single and multi-Compton operation, and
compare electron and gamma measurements. We intend to design and build a prototype
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QFC module of sub-millimetric granularity using multi-anode PMT (16 or 64 channels)
for the QF readout. The prototype will be tested over a broad energy range relevant for
scattered electrons and backward scattered photons.
We propose to perform detailed simulation and engineering studies during the first year,
to investigate the role of this calorimeter for the electron detection and electron energy
resolution and photon detection.
We hope to finalize the conceptual design of the polarimeter towards the end of the first
year, and during the second year, to start design-studies for W-pair asymmetry and we
will completer Compton polarimeter studies, hardware and beam test in the third year.
Conclusions
A QFC with optimized granularity and energy resolution for high energy EM Showers
appears to be an essential component of an electron beam polarimeter at LC. Its
advantages are radiation hardness, soft background rejection, good localization, and
directional precision as well as energy resolution. Our group has ample experience with
this type of detector, as well as with the use of multi-anode PMT [10]. Such accrued
competence gives us complete confidence in our ability to design, build and test a
prototype in order to demonstrate its suitability for polarimetry at LC in a timely and
cost-effective fashion.
Relevant Experience
· Project leaders Y. Onel and A. Penzo have worked in the field of Experimental
HEP Spin Physics and polarization for many years. They invented the “Spin
Splitter” concept to polarize anti-matter in a storage ring with Robert Rossmanith.
R. Rossmanith has also developed and designed the LEP polarimeter.
· Y. Onel and A. Penzo were co-spokesmen for the proposal on Nucleon Spin
Studies with polarized proton and anti-proton beams at FNAL (E863).
Onel/Penzo have edited two books in the field of spin/polarization physics,
namely Spin and Polarization Dynamic in Nucleon and Particle Physics (World
Scientific, 1990) and Trends in Collider Spin Physics (World Scientific, 1997).
· Y. Onel and A. Penzo were also involved in the Ultrafast Readout with multianode PMT development RD17 at CERN.
· Y. Onel and D. Winn have jointly proposed the quartz fiber calorimetry for the
CMS forward Calorimeter (HF) in January 1994 after prototyping the quartz fiber
calorimetry using SSC GEM closeout finds. There are now 6 U.S. and 9
international institutions (15 in total) in the CMS-HF group.
· The U.S. CMS HF group at Iowa was responsible for:
1- HF detector prototypes
a. Engineering design of prototypes and preproduction prototypes and
manufacturing the modules and components (in the machine shop at
University of Iowa.)
b. Engineering design and manufacturing of the Readout box for the
preproduction modules (in the machine shop at University of Iowa.)
c. Engineering design and manufacturing of the optical system for the
preproduction modules.
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d. Engineering design of the HF calibration system (LASER and LED) and
development of source calibration systems for the preproduction modules.
e. Production and engineering design of the HCAL LED drivers (HB, HE,
HO and HF) and manufacture of prototypes in the electronic shop at the
University of Iowa.
Selection and purchase of US quartz fibers in addition to the responsibilities of
procurement procedures, contracts, insurance, quality control at manufacturer
(CMS IN 2002/028) and delivery schedules and final delivery.
Fiber radiation damage tests and studies at Iowa LIL/CERN facilities
Selection and purchase of Photomultiplier Tubes (PMT’s) in addition to the
responsibilities of procurement procedures, contracts, insurance, delivery
schedules and final delivery.
Construction of the CMS-HF IOWA PMT test station facility.
Test and quality control of the HF PMT’s and maintenance of a web-based
database.
Design and construction of the HF light guides for the first two wedges (2 of 36)
in the University of Iowa machine shop. Procurement of the light guide material
for the remaining 34 wedges.
Design and construction of the source distribution mechanics, including source
tubing couplers and coupler pins in the (University of Iowa machine shop.)

Deliverables
We will concentrate on the Monte Carlo simulations in FY05. We will produce a
Report/Research Document showing the results and the details of our Monte Carlo
simulations for the specific geometries and configurations as shown in our proposal to
design a Cherenkov Calorimeter for LC.
We will initially focus on the simulations/study necessary for developing the detector
requirements and estimating systematic errors. If we are successful in 05, we propose to
continue with our R&D by constructing a prototype in 06-07. We will be collaborating
with the group of Dr. M. Woods/SLAC and Eric Torrence/U. Oregon on this research.
Budget
Institution
Iowa
IowaState
Fairfield
Iowa
Iowa
Fairfield
Iowa
Iowa
IowaState
Fairfield

Item
Partial support for grad. student
Partial support for grad. student
Support for undergrad. student
Quartz Fiber (QP) 2km
Copper Absorber
5 Multi-anode PMT (H6568)
Engineering
Travel
Travel
Travel
Indirect cost @ 25.5%
Grand total
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FY04
$6.0k
$6.0k
$2.0k
$2.0k
$ 4.1k
$20.1k

FY05
$6.0k
$5.0k
$4.5k
$9.0k
$2.0k
$2.0k
$ 7.3k
$35.8k

FY06
$6.0k
$4.0k
$4.0k
$4.0k
$ 4.6k
$22.6k
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Available equipment: FERA ADC 160 channels, discriminators, DAQ equipment, 1 16channel H6568 PMTs, and calibration electronics and equipment to test QF Calorimeter
(LED systems, Laser systems, PIN diodes systems, and radioactive source calibration)
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3.7: Compton polarimeter backgrounds
(renewal)
Luminosity, Energy, Polarization
Contact person
William Oliver
william.oliver@tufts.edu
(617) 627-5364
Institution(s)
SLAC
Tufts
Funds awarded (DOE)
FY04 award: 10,000

New funds requested
FY05 request: 14,000
FY06 request: 14,000
FY07 request: 14,000
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Compton polarimeter backgrounds
Classification (subsystem)
Accelerator (MDI)

Personnel and Institution(s) requesting funding
William Oliver, Tufts University

Collaborators
Collaborating personnel who will work on the project, but are not requesting funding here,
are Ken Moffeit and Mike Woods of the Stanford Linear Accelerator Center.

Project Leader
William Oliver
william.oliver@tufts.edu
617 627 5364

Project Overview
Beam polarization is an important feature of the International Linear Collider. The beams can
be polarized to enhance the expected Standard Model interactions, or can be polarized in the
opposite sense to suppress the SM background in the search for new physics processes.
The electron beam polarization is expected to be 80 – 90 % at the ILC; it will be important to
measure the polarization accurately. We are designing a Compton polarimeter to achieve an
accuracy of 0.25 % in this measurement.
The ILC will have beams that are much more intense and more sharply focused than the
beams at the Stanford Linear Accelerator. As a result there will be a greater disruption of the
beams at the interaction point due to the collective action of the particles in one bunch on the
particles in the colliding bunch. In addition to the disruption of the primary beams, the
collective action generates two secondary gamma ray beams (beamstrahlung) that have
roughly 5 % of the power of the colliding beams and are primarily at angles of less than 0.2
mrad to the beam axis. The disrupted beams and intense beamstrahlung can generate high
backgrounds, so it is necessary to carefully incorporate polarimeter design considerations into
the design of the extraction line optics. It is the central feature of our proposal that we
calculate these backgrounds to determine what design modifications are required for both the
extraction line optics and for the polarimeter detector.
The IP Beam Instrumentation Group has described [Status of Linear Collider Beam
Instrumentation Design, D. Cinabro, E. Torrence and M. Woods (2003),
http://www.slac.stanford.edu/xorg/lcd/ipbi/notes/white.pdf] current plans for beam
diagnostics in the beam extraction line. The extraction line features a chicane to separate the
primary beam from the beamstrahlung beam to facilitate beam diagnostic measurements,
including a precision Compton polarimeter. Following the chicane the recombined primary
and beamstrahlung beams are directed to a common dump. The polarimeter laser beam
intercepts the primary beam in the middle of the chicane, roughly 80 meters downstream of
the Interaction Point (IP). In this region the charged particle beam has a dispersion of 20 mm,
consequently a laser beam of 200-micron diameter samples the primary beam within a narrow
momentum range of 1.0%.
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The electrons scattered from the laser beam proceed forward to pass through a magnetic
spectrometer formed by the downstream bending magnets of the chicane. The laser-scattered
electrons emerging from the spectrometer are offset from the recombined charged particle
beam (and the beamstrahlung beam).
The laser beam is of course aimed to intercept the vast majority of the primary beam particles
that pass through the IP with little disruption. The depolarization suffered by such particles in
the collision is small, so the polarization measured downstream is a good indication of the
beam polarization upstream of the IP.
The polarimeter detector is a threshold (approximately 10 MeV for electrons) gas Cerenkov
counter that is segmented in the bend plane to provide rate measurements of the Comptonscattered electrons in different momentum bins. The rate asymmetry (comparing rates for
electron and photon spins aligned versus anti-aligned) measured by the Cerenkov counter
segment with the greatest offset (detecting the back-scattered electrons) from the beam axis
provides the greatest sensitivity to the beam polarization.
We propose to calculate the background expected in the segmented Cerenkov counter to
determine if the current design provides a signal-to-background ratio adequate to achieve an
accurate measurement of the beam polarization. We will calculate the effects of a variety of
processes to determine the particular sources that produce the most background in the
counter.
The principal concerns to us are the effects of the 500-kW beamstrahlung beam and the
severely disrupted primary beam particles. The inner edge of the counter is approximately 10
cm from the beam axis. At the Cerenkov counter, the beamstrahlung has spread considerably,
but remains predominately within 2 cm of the beam axis. However the beamstrahlung is so
intense that the relatively low flux of gamma rays outside the core might still be able to
produce effects that seriously degrade the performance of the Cerenkov counter. Since the
counter is not in the beam vacuum system, there must be a thin window to allow the
Compton- scattered electrons to escape the vacuum. The pipe that provides the mount for this
thin window must necessarily have a wall located between 2 cm and 10 cm from the beam
axis. The wide-angle beamstrahlung gamma rays could produce electromagnetic showers in
the pipe wall that spray background particles into the Cerenkov counter at a rate such that the
signal from the Compton-scattered electrons is significantly obscured.
The disrupted primary beam includes electrons scattered at large angles or with large energy
loss. The transport of these particles through the beam extraction system might not be
accurately portrayed by a matrix-element approach. We propose to track these highly
scattered particles through the system to calculate their effect on the Cerenkov counter. In
addition, we will calculate the background due to: 1) synchrotron radiation in the extracton
line dipoles and quadrupoles, 2) beam-gas interactions, 3) radiative Bhabha interactions, and
4) pairs generated in the beam-beam interaction at the IP.
Broader Impact
The broader impact of the proposed project is the same as the broader impact of the ILC
itself. We hope that our work will contribute to the successful operation of the ILC. If the ILC
works as designed, it is almost certain to find compelling evidence for the existence of the
Higgs boson and to determine a precise value for the mass of the top quark. We think such
discoveries are so fundamental that they will be appreciated by both scientists and
nonscientists in society at large.
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We hope the broader impact of our project at Tufts will be to inspire a graduate student (we
will try hard to recruit a student from an underrepresented group) to pursue a career in
science and share in the excitement and joy of the great discoveries expected at the ILC.
Results of Prior Research
We began the proposed project by downloading a GEANT-3 model of the proposed ILC
beam extraction system from the web site of the IP Beam Instrumentation Working Group at
SLAC. After some development work, we were able to run the GEANT program successfully
at Tufts. In the commissioning process, we checked the code carefully and ran numerous tests
to verify that the program gives the expected results in simple situations. We added to the
program a simple model of the Cerenkov counter and a model of the beam pipe because this
pipe might be an important source of background in the Cerenkov counter.
Originally we supposed that we would use a different frequency laser beam for each of the
primary electron beam energies. However recently we have considered the possibility of
using the same laser frequency for all primary beam energies, with the currents in the chicane
magnets also remaining the same for all primary energies. The laser beam then must be
adjusted to strike the primary beam as its position at the middle of the chicane varies with its
energy. We have performed detailed calculations of the analyzing power of the polarimeter
when operated with this fixed-frequency, but adjustable-position, laser beam. We found [as
described in more detail at http://www-onf.slac.stanford.edu/mdi/talks/Polarimetry/oliver.pdf]
that the Cerenkov counter can be set at a fixed position, yet give optimum analyzing power
for any beam energy. It was remarkable and surprising to find that the kinematics and
dynamics of Compton scattering lead to this optimal performance independent of the primary
electron beam energy.
Our recent work at Tufts that is most closely related to the proposed project is research and
development work on the detector technology being used in the MINOS neutrino oscillation
experiment. The technology is the coupling of wavelength shifting optical fiber to 8-m long
extruded scintillator slabs. The technology has proven to be successful; the slabs are efficient
detectors of minimum-ionizing particles even when the particles strike the far end at a
distance of 8 m from the photodetector. The development work was followed by two years of
construction work of the optical multiplexing system used at the MINOS far detector to read
out the scintillator slabs. This related work was supported over the past five years by the U.S.
Department of Energy Grant DE-FG02-92ER40702 titled High Energy Physics at Tufts
University. The DOE grant totals roughly 800 k$ per year.
The Fermilab neutrino beam for MINOS was first turned on in the last few days (January
2005) so there has been no time to gather data to analyse for evidence of neutrino oscillations.
However the DOE contract to Tufts has supported the operation of the Soudan2 detector for
the past 25 years. We have analyzed the Soudan2 data for evidence of neutrino oscillation;
our most recent result was published (Phys. Rev. D 68, 113004 (2004)) under the title
Measurement of the L/E distributions of atmospheric neutrinos in Soudan 2 and their
interpretation as neutrino oscillations, with authors from the Soudan 2 collaboration. The
Soudan 2 data has also recently been analyzed to search for neutrino sources in active galactic
nuclei, with results published in Astropart. Phys. 20, 533 (2004).
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Facilities, Equipment and Other Resources
The proposed project uses two dual-processor DELL Power Edge computers (models 4400
and 4600) provided at Tufts. We do not see a need for any additional computing power.
FY2005 Project Activities and Deliverables
We propose to calculate the effect on the Cerenkov counter of the scattered primary particles
emerging from the IP as they proceed through the beam extraction system. We will include
the effects of electromagnetic shower generation by particles scraping the edges of the
aperture of the beam extraction system. We will augment our GEANT model of the Cerenkov
counter to include realistic representations of the walls between the segments, and of a possible preradiator to determine if the Compton-scattered signal can be enhanced relative to the
background. These calculations will be based on an existing file of 15,000 primary particles
emerging from IP as calculated by the GUINEA PIG program.
FY2006 Project Activities and Deliverables
We have already downloaded GUINEA PIG to our Tufts computers. In 2006 we plan to run
GP extensively to accurately determine the effects of the most severely disrupted primary
beam particles on the Cerenkov counter. We will also include at this stage the effects of the
synchrotron radiation generated by the primary particles as they pass through the dipole and
quadrupole magnets of the beam extraction system.
FY2007 Project Activities and Deliverables
In 2007 we propose to turn to the calculation of the background due to the interactions of the
beamstrahlung beam in the unavoidable material elements in the beam extraction system. We
will pay particular attention to the flange that supports the thin window through which the
Compton-scattered electrons emerge from the vacuum, and to the wall of the beam pipe
adjacent to the Cerenkov counter. We will also consider beam-gas interactions as a source of
background.
Budget justification: Tufts University
The requested budget is exclusively for the half-time support (for the academic year and the
summer) of a graduate student to assist in performing the calculations described above.
Three-year budget, in then-year K$
Institution Tufts University

388
68

Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits
Total Salaries and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Institution 2 subcontract
Total direct costs
Indirect costs(1)
Total direct and indirect costs

FY2005
0
10,000
0
10,000
0
10,000
0
0
0
0
0
0
4,000
14,000
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FY2006
0
10,000
0
10,000
0
10,000
0
0
0
0
0
0
4,000
14,000

FY2007
0
10,000
0
10,000
0
10,000
0
0
0
0
0
0
4,000
14,000

Total
0
30,000
0
30,000
0
30,000
0
0
0
0
0
0
12,000
42,000
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3.8: Incoherent and coherent beamstrahlung
at the LC
(renewal)
Luminosity, Energy, Polarization
Contact person
Giovanni Bonvicini
giovanni@physics.wayne.edu
(313) 577-1444
Institution(s)
Wayne State
Funds awarded (DOE)
FY04 award: 6,000

New funds requested
FY05 request: 41,000
FY06 request: 0
FY07 request: 0
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Incoherent and coherent beamstrahlung at the ILC
Classification (subsystem)
Beam-beam collision monitoring.
Personnel and Institution(s) requesting funding
I. Avrutsky, G. Bonvicini, D. Cinabro, M. Dubrovin.
Collaborators
N. Delerue, Oxford, UK.
Project Leader
G. Bonvicini, Wayne State University
giovanni@physics.wayne.edu
313-5771444
Project Overview
We request a one year grant, in view of foreseen developments this year that will lead to a
substantial three years request next year. As discussed in the “Activities” Section below, we
will concentrate on extracting a signal from the existing CESR device (to be fully installed
around Memorial Day 2005). We will also design a device to measure coherent beamstrahlung
(CB) at CESR, for which equipment money will be requested next year.
It has become generally accepted that the beam-beam collision (BBC) has a very large number
of degrees of freedom (over twenty, of which at least fifteen can affect the luminosity at the
10% level), and that measuring as many of them as possible is crucial to the success of the
ILC. The measurement and control of beam-beam jitter, and the direct measurement of wake
field effects at the Interaction Point (IP) are the largest issues in the minds of many, but there
are many other potential effects. Just by looking at SLC history one finds a host of unforeseen
problems which include unexpected beam lengths and single-arm faulty beam optics.
The benefits of a very thorough measurement of the BBC are at least threefold:
1. the shape, size and relative location of each beam at the IP are the ultimate figure(s)
of merit of the ILC. Advances in luminosity will be possible only if the beam-beam
mismatches are correctly diagnosed. If not, operators will have to try blind optical
tuning which, given the complexity of the machine, is probably hopeless.
2. the possibility to correlate precise beam-beam observables to various machine or magnet
variables should tremendously simplify machine development. Correlation coefficients
between BBC observables and machine variables can be computed directly and automatically, and high correlations are then flagged by the software. That allows intervention
on the correct machine components, and it also allows the machine simulation software
to be vastly simplified.
3. a precise measurement of the beam geometrical parameters (their 3-D sizes, and possible
non-gaussian components) predicts the beamstrahlung and disruption parameters precisely. These in turn provide fundamental input to the detector (by providing a precise
prediction for the dL/dE tail) and the downstream part of the machine (by providing
the angular divergence of the disrupted beam).
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A proper understanding of the potential of each BBC detector is also of primary importance
at the planning level. Should we demonstrate, for example, that fifteen independent measurements are feasible for the BBC, that detection is fairly straightforward, and what they are
sensitive to, these findings would cascade through the entire ILC organization, and provide
basic input to other working groups such as the wake field group.
Studying the BBC is not only central to the ILC effort, it is also very complicated. Serious
developers should accept that studying the BBC at the ILC will be a real time analysis effort,
with a devoted analysis group, rivaling in complexity and manpower the most complex data
analyses of a particle physics experiment.
The effort of our group, if fully successful, will provide about half of the possible independent data, and of course the attendant hardware and software. The two methods of BBC
detection discussed here are conceptually new compared to the methods established at the
SLC, detecting the beam-beam deflection[1] and studying the high energy beamstrahlung
component[2].
Wayne State is the sole institution in the world developing detectors and methods to study
the low energy component of beamstrahlung[3] − [8]. The advantages of using low energy
components, compared to the classical, high energy part of the spectrum, are:
1. the possibility to use the larger angular divergence of low energy beamstrahlung compared to low energy synchrotron radiation. Data from our R&D effort at CESR already
indicate that this method works well.
2. the possibility to measure the radiation polarization (in practice, in the visible or near
infrared), which already enables powerful diagnostics[6], by measuring four independent
degrees of freedom.
3. the very high signal-to-background ratio in the microwave region, when the two beams
are offset[7], due to the onset of coherence.
4. the direct measurement of each beam length, in the microwave region[7]. The microwave
part of the spectrum provides at least another four degrees of freedom, of which at least
three are independent of those provided by the visible part of the spectrum.
5. we believe that there are more independent observables to be had from imaging the
microwave part of the spectrum. A definitive conclusion about this needs detailed simulation.
We are advancing in our understanding of the CESR visible/infrared beamstrahlung detector, and the beam currents are right now getting to where we expected to establish a first
signal (80mA per beam). Because the signal is proportional to the cube of the current,
even a factor of two matters (see Figs. 6 and 7 below). We have also been slowed down
by instabilities in our infrared photomultipliers which are currently under study. In view of
our well-established measurements of backgrounds and pointing capability, we are proceeding
with the construction of the full detector (the present system has 1/2 the optics and 1/4 the
phototubes).
This proposal could have looked a lot different if it could have been sent to the funding
agencies in september. For the time being we request funding for one year only. We planned,
in summer 2005, to have an all out effort to detect visible beamstrahlung for the first time,
and to study the feasibility of a coherent beamstrahlung detector for CESR. Some activities
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may have to be anticipated to the spring in view of a possible summer CESR shutdown. On
successfully completing those tasks, we will request a substantial, three years grant.
The activities for the next year will be listed in the appropriate Section below. In the next
two Sections we wish to give an idea of what is needed (for each detector) to achieve a stage
of development that the global ILC community would consider sufficient for immediate design
and construction of the two ILC detectors. A third Section is devoted to the development of
a BBC simulation program to simulate at once all the components of beamstrahlung, a piece
of software that we find absolutely necessary. The funding agencies can get an idea of the
effort and support that will be needed to see these potentially crucial devices to a successful
conclusion.
Visible beamstrahlung detector (VBD).
The basic phenomenology of this device is well understood[6]. By using the favorable polarization pattern at large angle, one detects observables which are sensitive to the geometrical
shape of the BBC.
The CESR activities are discussed in the “Results from Previous support” Section below, and
the next year’s activities are discussed in the “Activities” Section below. At this time it is
clear that, once the full detector is installed in May 2005, we ought to fully concentrate on
understanding the infrared photomultipliers and extracting a first signal. Therefore in this
Section we concentrate on the activities which are ILC-specific.
We have a preliminary design for the VBD at the ILC, by I. Avrutsky, shown in Fig. 1.
It is meant to occupy the entire angular region between 1 and 2 mrad and to measure the
beamstrahlung ring. We believe that higher angles will be suitable as well to detection of
visible beamstrahlung.
The main features of the device are shown also in Fig. 1. They include excellent angular
resolution, about 0.12 mrad, because the large ring diameter produces a small diffraction
limit and also because of the CCD small pixels. The fast CCD should also allow imaging of
the entire ring. The projected signal is plentiful (3X106 photons per BBC at nominal ILC
conditions). There are no limitations as to which wavelength should be used.
Over the next four years we need to answer the following questions:
• are the ILC backgrounds in that angular region acceptable? This is the major feasibility
question. Preliminary estimates, using simulation results by T. Maruyama for that
region[9], showed backgrounds well below the signal, at least for NLC conditions (104
photons or less). The estimate was obtained by scaling x-ray rates in the region to visible
wavelengths. A proper simulation of the ILC visible backgrounds should use the current
ILC parameters[10] and make use of the large angle synchrotron radiation algorithm
developed in Ref.[8].
• which background reduction techniques are available at the ILC? This question should
be a straightforward extension of the methods discussed in Ref.[5]. First the imaging
affords a very clean background subtraction procedure since the azimuthal dependence of
the signal is known and the bacgkround is measurable directly and expected to have over
90% radial polarization[5]. Secondly, radiation reflected off the beam pipe is a concern.
Simple methods for making the beam pipe non-reflective are discussed in Ref.[5].
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Hollow mirror imaging system for detection of beamstrahlung radiation

e+
e˘

Ω = 2π (Cosθ min − Cosθ max )

∆x = ∆y ≅

0.61 ⋅ λ
Sinθ max

∆z ≈

0.61 ⋅ λ
Sin 2θ max

Figure 1: Schematic of the ILC large angle beamstrahlung detector.

• will the new device be intrinsically more powerful than the CESR device? By that it
is meant, will it be sensitive to new observables, beyond those discussed in Ref.[6], that
correlate favorably with a beam-beam mismatch.
• will the device suffer significant backgrounds from the low energy, large angle pairs (and
slow electrons) which emerge from the BBC? While these, in principle, contribute to the
signal, their polarization information is likely to be different from that of beamstrahlung
itself. This is important, because the predictive power of this device comes primarily
from the measurement of the polarization.
The latter questions will need to be addressed with software that does not exist now and that
is discussed below. Other questions will no doubt surface as we advance through our CESR
data analysis, and of course questions about the DAQ need to be addressed (if no satisfactory
CCD can be found, which can be read every 337nsec, we will use a diode matrix instead).
Coherent beamstrahlung detector (CBD).
In the last two years, we have developed the concept of a device looking at the microwave
part of beamstrahlung[7]. The interest of this part of the spectrum is that, if the beams are
offset and one observes them at a wavelength exceeding the length of the beam, coherence
will develop. Fig. 2 shows that the coherent enhancement can exceed 1010 at the ILC. The
observation of this effect should be available as soon as the ILC is turned on.
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Figure 2: CB yield as a function of the beam-beam offset. The simulations were done with ILC
”weak beam” conditions (N = 0.3×1010 , σy = 19nm). Plots are shown for four different wavelengthbeam length ratios. The markers locate the points where the simulation was performed.

The particular and unique phenomenology of CB results in four independent observables.
These are:
• the beam-beam offset, assumed to be in practice the vertical offset. Because the signal
varies so strongly with the offset (Fig. 2), measurement of the (crucial) beam-beam
jitter at the 0.1 nm level will be possible even when the beams are tens of nanometers
wide. Therefore diagnosis and remediation of the jitter can start long before the beams
are made small, improving the efficiency of the whole project.
• both beam lengths, σz . Fig. 3 shows the ratio of the coherent powers radiated by each
beam when the two beam lengths are unequal.
• the ratio of the beam heights σy . Fig. 4 shows the different coherent enhancements
when the beams have unequal height.
This is already a phenomenon with powerful insight in the BBC, but there is one potential
breakthrough beyond the simple analysis of Ref.[7]. At microwave wavelength, and for very
modest beam-beam offset, the recorded microwave radiation is in fact the image of the BBC,
with expected negligible backgrounds. The image could, potentially, produce several more
observables of interest. There is no software available to study these phenomena, which is
why in the next Section we propose to write some.
An image of the BBC can be obtained from the high energy part of the radiation, however
there are severe constraints due to high power, extreme radioactivity, the interference with
the beam dump, a mission-critical device, and the uncertainties inherent to measuring the
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Figure 3: CB ratio of yields (beam 1 versus beam 2) as a function of the beam-beam offset. The
simulations conditions are described in Fig. 2, but σz2 = 264µm.

radiation within some sort of calorimeter. Also the sensitivities to beam-beam parameters
are very different.
At this time the most urgent step is to assess the feasibility of a microwave detector at CESR,
to prove the principle. Ref.[7] forecasts a large signal for wavelengths between 2 and 5 cm.
The only problems which are seen at this time concern how to minimally shield from the RF
noise by the beam. This step of feasibility study will be taken in Summer 2005.
Simulations.
The existing software to simulate the BBC and attendant beamstrahlung, GUINEA PIG
and CAIN, is of little use for our project. Both programs, however, provide a platform for
development of a software that would provide predictions for all the phenomena through
which the BBC can be observed.
The development of such a software goes well beyond our specific needs, and would in fact
serve the community at large. Firstly, with such a software one would be able to assess the
projected knowledge of the BBC interaction. It is important, for example, to let the wake
fields working group know that the beam tail will (or will not) be measured directly in the
BBC.
Likewise, the community has been supportive of multiple measurements of the same BBC
quantity (say, the beam-beam vertical offset) on general principles. But the real interest of
multiple measurements is that they have somehow different sensitivities to the same quantity
when the beam shape changes. Wake fields, if significant, are bound to produce a wealth of
complex beam shapes. So the hypothesis of different sensitivity (which is just an hypothesis
right now) needs to be evaluated thoroughly.
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Therefore we will eventually propose to develop such a program and to obtain the the following
results:
• what information can be extracted from the possible imaging of the BBC in the microwave part of the spectrum?
• how do low energy particles (pairs created by beamstrahlung, and particles that lost
much of their energy to beamstrahlung radiation) affect the low energy signals?
• finally, when everything else is in place, we will evaluate how the many observables of
the BBC relate to specific beam-beam configurations. Because most observables are
non-linear with respect to beam-beam parameters, even assuming only three lattice
points per d.o.f., one arrives at a minimum grand total of 315 simulations. While some
simplifications will be necessary, this is a large amount of work. It will, though, provide
answers to questions such as: how can we monitor wake field effects? Which aspects of
the BBC that may affect luminosity are not detectable? In turn these conclusions would
spawn a debate, within the community, at a much deeper level than in the recent past.
Technically, the difference between low energy and high energy beamstrahlung is that, for
high energy, one generates the photons (in one of the programs above, exactly parallel to the
instantaneous particle direction) and let them fall where they may. For the VBD, one needs
to specify the detector pixel, compute the angle between particle, its plane of curvature, and
the pixel, compute (and add up) the intensity at the pixel. Algorithms for this, which include
a choice of spectral distributions, were introduced in Ref.[8]. For the CBD, one needs to
specify the angle, compute (and add up) the amplitude, and square at the end. G. Bonvicini
and N. Delerue at Oxford, himself a proposer of a beamstrahlung detector for the high energy
part of the spectrum[11], have begun investigating how to modify the existing software.
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Broader Impact
Beamstrahlung is a terrific topic for young students. They only need to know electromagnetism at the undergraduate level to grasp the fundamental issues of the project. The small
size of the project also invites student participation. The student can contribute while avoiding the intimidation and hierarchical structure intrinsic to a large collaboration. In the last
six years REU students E. Luckwald, N. Detgen, N. Powell, and E. West have participated in
beamstrahlung activities, all of them for six months at least (three months in the summer and
three months to a year during the academic year). Three of them won competitive undergraduate research awards, three of them published papers (Refs.[6], [5], and[7]), two of them are
in Graduate School in Physics, one obtained a Masters (not in Physics), and one attempted
graduate school in Physics. Their research reports can be found at our REU website[12]. K.
Korbiak also collaborated with Prof. Cinabro for two years on characterizing the BBC using
the silicon vertex detector of CLEO[13]. She is in Graduate School in Physics as well. Four
of these five are “first generation students” (first in their family to attend college).
Since it is clear that there are another four years of work ahead before the R&D can be
successfully completed, undergraduate students will continue to work in this project and find
projects that are accessible, significant, and can be done while working elbow-to-elbow with
a scientist. Future projects which are suitable for undergraduates include:
• the analysis of available CESR large angle data, including doing their own data taking.
• the assembly of a possible coherent beamstrahlung detector for CESR;
• the simulation of special aspects of beamstrahlung, such as, for example, the unpolarized
signal in the ILC VBD from stray particles.
Results of Prior Research
In 2001, we obtained a three year MRI grant (NSF-PHY-0116058, $312361) to build the CESR
large angle beamstrahlung device. Part of it is built, installed and working as advertised. At
CESR, data have been taken lately at 1.8 GeV in the infrared, in the red, and in the visible.
The data for a very recent day (red and visible only) are shown in Fig. 5, while Fig. 6 shows
the beam currents for the day. The current detector sees the electron radiation, so that an
eventual beamstrahlung signal (expected to be almost exclusively in the infrared) would be
2 . Our beam finding capability is excellent, and Fig. 7 gives an idea of
proportional to I− I+
the dark noise of each PMT as well as the angular resolution of our optics. The final pieces
of the full detector are under construction at WSU and will be installed at CESR during the
shutdown starting in late May 2005..
In September 2004, we obtained a one year grant (DOE-FG02-04ER4, $6000) to study beamstrahlung. In the last four months, we firstly concluded that there was no real possibility to
test CB at the FFTB at SLAC. We then chose to concentrate on feasibility studies at CESR.
We also arrived at a simple but effective design for the CBD, shown in Fig. 8. The device
makes use of the beam dump window as the primary mirror, with a secondary mirror located
some 26 meters away from the beam dump. By this method, the detector is completely
isolated from the many problems (RF noise, real estate conflict, and radiation damage) associated with the beam line. The second mirror bounces the radiation away from the beam line
to a grating which is used to spread the radiation in wavelength. In view of the very strong
signal, the detectors contain each several fast microwave detectors, of a type that saturates
for large pulse heights, and with different attenuators, to cover an expected dynamic range
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Figure 5: Data for two red PMTs, taken last sunday.
of order 1010 . The detector features are discussed in greater detail in Ref.[7]. This simple
device should deliver the four observables presented in Figs. 2-4.
Facilities, Equipment and Other Resources
WSU owns a high quality Machine Shop, where many high energy physics devices have
been built. These include the hadronic calorimeter of experiment E-864 at Brookhaven, the
electromagnetic calorimeter of STAR, the current CLEO Beam Pipe and attached equipment,
and the CESR beamstrahlung monitor. Our group owns 15 Linux boxes and has access to
hundreds more.
FY2005 Project Activities and Deliverables
In spring and summer 2005 we will pursue two things.
First, by then the CESR device will be completely installed and calibrated. We will therefore
try to extract a first signal. Expected signals are of order a 100 Hz at I+ = I− = 80mA.
There are a few handles to establish the signal uncontroversially. The first is to monitor any
2 I as the run progresses.
hypothetical signal and see that it decreases like I+
−
The second is to compare results from three different bands (infrared, red, and visible above
yellow). No signal in the visible is expected, and the red and infrared signals are expected
to be in the ratio of about 16. This seems marginal, considering that the infrared signal is
already so weak, but in fact the dark noise of our red PMTs can be made as small as 30Hz
with cooling. In time, with the beam currents improving, this method will become feasible.
The third and most important way to establish the signal is to have specialized runs with a
shorter CESR beam length. Going from 9 to 8 mm changes the expected signal by a factor
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Figure 6: CESR beam currents corresponding to the data of Fig. 5.
of 5 in the red and a factor of 4.2 in the infrared, while obviously the backgrounds remain
constant.
Other tests are possible, such as running with offset beams, and they will be done as the
analysis progresses. Because this program involves short, dedicated CESR runs, it is best
done in the summer when the complete device is available and calibrated, and we can be
continuously present at Cornell.
The second thing to be done this summer is to study the feasibility of a CBD for CESR. The
intent is to build and operate a simple device provide a proof of principle for the method.
There are no problems in detecting such a huge signal (expected to be of order 30kW total
microwave radiation when the beams are offset by 3σ). The only problem is to find a way to
minimize the RF noise coming from the beam or its charge image, which is also known to be
very large.
Bonvicini and Dubrovin will study the CESR data and the possibility of implementing a
device within CESR. Avrutsky will design the optics and Cinabro will help to interface with
the CESR community.
Budget justification:
Travel: overall traveling to Cornell totaling two months for the year. Graduate student: twelve
months of graduate student support. The graduate student will run simple simulations and
analysis programs to support the effort described above. These include analyses to evaluate
the dependence of the signal on certain parameters of interest (such as the current or beam
length), evaluate internal reflection and beam pipe absorption effects for the CBD, estimate
RF noise for particular configurations, and predict properties of the signal.
One-year budget, in then-year K$
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Figure 7: Vertical alignment scan for the detector optics.
Institution: Wayne State University
Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs (tuition)
Total direct costs
Indirect costs(no tuition)
Total direct and indirect costs

FY2005
0
14647
0
14647
3867
18514
0
4450
0
6325
29289
11711
41000

Total
0
14647
0
14647
3867
18514
0
4450
0
6325
29289
11711
41000
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3.9: Development of radiation hard, 3delectrode array, silicon radiation sensors
(new proposal)
Luminosity, Energy, Polarization
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(510) 841 2012
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Project name
Development of radiation hard, 3D-electrode array, silicon radiation sensors
Classification (accelerator/detector:subsystem)
Accelerator—L.E.P. (detector for low energy e+e- pairs for luminosity optimization) and
possible use in the lumi cal or other detectors exposed to high radiation-doses.
Institution and personnel
University of Hawaii, Department of Physics: Sherwood I. Parker (faculty)
Collaborators
Christopher Kenney (Molecular Biology Consortium), Cinzia Da Via, Jasmine Hasi, and
Angela Kok (Brunel University.), Hitoshi Yamamoto (Tohoku University). As part of
this project involves the fabrication of more than one type of sensor on the silicon wafers,
other members of these groups might also join in that part of the work. We are also
collaborating, in other aspects of 3D sensor development, with members of the Atlas
pixel group, the Totem collaboration, John Morse of ESRF, and other members of the
Molecular Biology Consortium.
Project Leader
Sherwood Parker, sher@slac.stanford.edu, 510 841 2012, 510 486 5859, 510 851 0767
Project Overview
We are developing silicon sensors with closely spaced electrodes that penetrate the
silicon substrate for uses in which either (1) extreme speed, (2) radiation hardness or (3)
the ability to detect particles very close to the beam pipe is important. A beam monitor
using the process γγ→e+e− that makes use of these properties will be described. The
general technology being developed could also be applied to other detectors needing high
resistance to the effects of radiation damage or sensitivity to their physical edges.
Broader Impact
Other than the training of the graduate student Angela Kok (from Hong Kong) and the
former student and now post doc on this project, Jasmine Hasi, the main, relatively
immediate impact of 3D sensor technology is expected to be in the field of structural
molecular biology, and ultimately, medicine. The human genome project has given us
information on the sequence of base pairs in DNA, but not on the vitally important shape
information for the proteins specified by DNA. That is the object of many tens of
dedicated synchrotron x-ray beam lines around the world. Most of them use scintillator –
fiber optic – CCD detector systems that their developer, Edwin Westbrook (M.D., Ph. D.,
Molecular Biology Consortium), with whom we are now working, considers obsolete
compared with our 3D active-edge system, now under development. This project,
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supported by the National Institutes of Health [1], has successfully developed and tested
its initial test detectors. In addition this technology will be broadly applicable to
semiconductor radiation detectors, including other experiments in high-energy physics. It
is currently being considered for use in two LHC experiments, Totem and the Atlas pixel
upgrade.
Results of Prior Research
Working in collaboration with Christopher Kenney of the Molecular Biology Consortium
and Cinzia Da Via, Jasmine Hasi, and Angela Kok of Burnel University, we have
fabricated and tested sensors that are 120 to 250 microns thick. (See Figure 1.) All
recently fabricated sensors have active edges—etched, rather than sawed edges, in which
implant and oxidation steps have made the edges into an electrode.

Figure 1: Schematic sketch of a 3D sensor.
Initial calculations indicated it should be possible to have sensors with low depletion
voltages and great speed and radiation resistance [2]. Published data now show:
1. depletion voltages as low as 5-10V [3],
2. depletion voltages of only 105V after irradiation by 1015 55 MeV protons/cm2
(equivalent to 1.8 x 1015 neutrons/cm2) with a plateau to 150V for sensors without added
oxygen and without beneficial annealing [4],
3. room-temperature pulse rise times of only 3.5 ns, and needing only 40V bias, even
after irradiation by 1015 24 GeV protons/cm2 [5],
4. a Gaussian fit with σ(E)/(E) of 2% to the 14 KeV x-ray line from a 241Am source with
no excess of points on the left side, from events with partial charge collection [6, Fig. 7].
5. Tests of active electrodes, fabricated from trenches with steps that were similar to
those for our new active-edge electrodes, indicated high collection efficiency [7].
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Pulses from 3D sensors can be shorter because collection distances are shorter, for any
given maximum field, average fields can be higher, and for perpendicular tracks, the
signals are concentrated in time as the track arrives, rather than spread out in time as is
the case with planar sensors. (Most of the signal is induced when the charge is close to
the electrode where the Ramo weighting field and electrode solid angle are large.)
We have measured pulses from a 3D sensor exposed to betas from a 90Sr source, in which
only (1) and (2) apply. Figure 2 shows both prior [5] and, in (c) recent results. Figure 2a
and 2b use an amplifier described in [8]. With the selection of the cold technology
collider and its 337 ns collision spacing, this speed no longer is so important.
Sr-90, Irradiated, Vbias = 40V
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Figure 2. (a) Beta pulse from an un-irradiated, 100 µm x 200 µm-cell size, 3D sensor.
The overshoot can be reduced, but with longer rise times. (b) Pulse from a room
temperature sensor without added oxygen, collecting holes, and irradiated with 1015 24
GeV protons/ cm2. (c) Pulse from a room-temperature sensor read out with an early
version of an experimental 0.13 µm circuit. The full width at the base is 4 ns.

Figure 3. Signal from a scanned full 3D (center and edges) sensor showing both active
edge sensitivity, and reduced sensitivity in central electrode regions.
Active edge sensors have been made and tested in x-ray micro-beams at the Advanced
Light Source at the Lawrence Berkeley Lab, at ESRF, and with 100 GeV muons at
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CERN. Figure 3 shows results of the x-ray micro-beam test. In all tests, sensitivity was
shown to extend as close to the physical edge as could be measured, usually about ± 4 or
5 microns. It is expected the dead region will be at least as thick as the oxide side wall,
which is a bit less than 1 µm. The ability to make sensors of arbitrary shape could be
helpful in beam monitors. It is vital for the molecular biology project and very important
for the Totem experiment Roman-pot detectors. The 3D feature that is vital for the linear
collider is radiation hardness. This will be discussed under project activities.
Reference [5] gives a summary of recent work for high energy physics as well as
additional topics on radiation hardening. Figure 1, showing capture distances in
irradiated silicon is particularly important, as capture will be a dominant limitation, even
if the silicon can be depleted at high voltages. Close spacing of electrodes is likely to be
a necessity. A first draft of a detailed description of the molecular biology project has
been completed, and is available if desired.
The beam shape monitor
This sensor technology should be ideal for the small angle detectors of a beam shape
monitor. At linear colliders, a large number of electron-positron pairs are created from
γγ→e+e−, where one or both photons can come from beamstrahlung or from the Coulomb
fields of individual beam particles. The secondary e+e− pairs that can escape the beam
pipe and be detected have energies, E, typically in the few-hundred MeV range and are
created at small angles to the beamline of around melectronc2/E. They then acquire a Pt
kick from the electromagnetic field of the rest of the on-coming bunch. If the charges of
the created electron or positron and of the bunch are of opposite sign, the particle
oscillates around the beam plane and the net acquired Pt is small. If the particle and the
on-coming bunch have the same charge sign, Pt may be larger, giving a Ptc/E large
enough to produce a substantial angular deflection, with the particle escaping before
much beam disruption has occurred. It was found that these large deflection can be used
to study σx and σy of the on-coming bunch [9].
With as many as 105 pairs created per bunch crossing, the resultant high occupancy
suggests that silicon strip detectors are not suited for this application while CCDs, good
candidates in terms of occupancy, would not give the timing information necessary to
study possible structures within a train unless some external gating is applied.
Simulation work and the development of electronics with sufficient data rate, and time
and spatial resolution, for a pixel detector using 3D sensors are now under development
by a KEK—Tohoku (HitoshiYamamoto) group [10]. A timing resolution of 19 ns has
now been demonstrated. Additional work has started using the changed conditions with a
cold-technology collider [11].
Facilities, Equipment and Other Resources
At the Stanford Linear Accelerator, we have a lab with 185 sq. ft. of space. It primarily
contains equipment for the testing of integrated circuits and silicon sensors, including an
Alessi REL 4100A probe station with a 5-objective 20X—2000X Mitutoyo microscope
with an infrared micro-beam, a CCD camera-computer system, three-axis micron-scale
407
87

1/22/05

position measurement, probe cards, and 12C and 18B Picoprobes for probing internal
nodes of circuits and sensors. Additional equipment includes Tektronix TDS 540 digital
and 2465 analog oscilloscopes, NIM modular electronics, power supplies, pulse
generators, multi-meters, and a refrigerator for the storage of irradiated sensors.
We are qualified to work at the Stanford Nanofabrication Facility. Located on the
Stanford campus, it contains a 10,000 sq. ft. class-100 clean room with all the equipment
needed to fabricate silicon sensors, silicon micro-machined devices, and integrated
circuits in the 1 – 2 micron range. These include:
1. mask-making equipment including an electron beam system and a laser writer,
2. optical photolithography equipment including 3 resist coaters, a resist developer,
2 full-wafer aligners, and 4 steppers,
3. 9 chemical vapor deposition systems for such materials as oxides, nitrides,
polycrystalline silicon, single-crystal silicon, and SiGe,
4. metallization systems including 3 sputtering systems, an evaporator, and a lowpressure chemical vapor deposition system,
5. many annealing, oxidation and doping furnaces,
6. wet benches (for wet etching, pre-furnace cleaning, etc.),
7. in-line process characterization systems including a line width measuring system,
a layer thickness measuring system, a surface profilometer, a resistivity mapping
system, an optical spectrophotometer, etc.,
8. 8 plasma etching systems including two STS deep reactive ion etchers that we use
to make the holes and trenches for 3D sensors,
9. a wafer bonder,
10. a wafer saw,
11. a scanning electron microscope (which was used for Figure 2).
Drs. Kenney and Hasi also have desks there, and a computer that is used for the design of
photolithography masks.
Description of first year project activities
The major initial activity will be the fabrication of test sensors for the pair monitor and
further development of radiation hardening technology. The later will involve
optimization of the deep etching process to produce narrow holes for electrode
fabrication. We will also investigate the observed sensitivity of the outer regions of the
3D electrodes, evident in Figure 3 and in many other measurements, which was not
expected. In addition, increasing the temperature-time profile after polysilicon deposition
should increase the grain size and carrier lifetime, allowing charge carriers to diffuse out
to the single-crystal collection volume, thus also increasing sensitivity. All of these items
will allow closer placement of electrodes without loss of sensitive volume, decreasing the
depletion voltage, collection times, and capture losses. A limitation to this line of attack,
is the increased inter-electrode capacitance which could lower the signal to noise ratio.
Deliverables will be sensors to H. Yamamoto’s group in Japan (and knowledge). The
exact design and schedule depends on the design of the readout chip progress, now
underway in Japan. Their suggested pixel size has been set: 0.3 mm x 0.3 mm. Each
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fabrication run would be followed by lab and beam tests. The start time would be shortly
after funding is available, as we could probably agree quickly on an initial overall size.
Description of second and third year project activities
It is expected that additional sensors will be needed and will be fabricated by us. We
expect further developments in radiation hardening. In particular, the large RD50
collaboration is working in this field, particularly with material science, to improve the
resistance to silicon to the effects of radiation damage. One example of this type of
activity was the earlier use of diffused oxygen to decrease the depletion voltage in
radiation-damaged silicon. (However, that specific method may not help at all, when
capture becomes the dominant factor.) If they succeed, the improvement factor provided
would multiply our factor, which originates in geometry. Given the uncertainties in this
field, it is now not possible to put an upper limit on the possible hardness of silicon
sensors.
These developments may also be applicable to the LumiCal, which will be heavily
irradiated. The exact extent of the radiation damage to the sensors will depend on
detailed calculations of the showers, as the damage is energy-dependent up to about 100
MeV. (Fortunately, electrons are not as damaging as hadrons. [12])
Budget
Fabrication runs take from two to four months, depending on equipment availability,
batch sizes, and the details of the run steps. The table below lists the main costs of a
typical fabrication run. With salary support, it is clear that two or even one run per year
would exceed the typical budget for a proposal under this program, so we would do what
we have been doing up to now: have shared-wafer runs.
Funds
Items for each fabrication run (2)
Stanford Nanofabrication Facility charges – 4 months
Wafers (float zone, test, support, etc.)
Wafer thinning, polishing
Implants
Photolithography masks
Polycrystalline silicon deposition runs
Fabrication engineer, technicians
Sum
One-time items
Sputter targets
DAQ computer (to use at existing probe station)
DAQ software, hardware
Sum

4 x $2,500 = $ 10,000
1,700
1,000
1,100
5,200
4,000
23,000
46,000
2,000
3,000
1,700
6,700

The proposed budget assumes about one quarter of each of the processed 10 cm diameter
wafers would be devoted to this project (with our already funded work for the Atlas pixel
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upgrade), that there would be two runs per year, and that the costs would be shared with
other ongoing projects. There is also the possibility of sharing personnel time, with work
on the thin wafers taking place while the NIH x-ray wafers are undergoing processes not
needing continuous supervision, such as furnace runs, and vice-versa. It is assumed read
out electronics development, testing, and assembly continue in Japan. The D.O.E.
Hawaii program officer is now requiring projects other than the ongoing Manoa-based
ones provide salary support. (He intends this to include Atlas, which did not have that
item in its budget.) Just how this will be resolved is not clear, but I have put down
$20,000 for that item. Given the size of this budget, I have not included travel to any
linear collider meetings.
Item
Fabrication runs (0.25 x 2 x $46,000)
One-time items (0.25 x $6,700)
Salary support
Indirect costs (20.6%)
Hawaii total

Year 1
$23,000
$ 1,675
$20,000
$ 9,203
$53,878

Year 2
$23,000

Year 3
$23,000

$20,000
$ 8,858
$51,858

$20,000
$ 8,858
$51,858
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3.10: Beam-Diagnostic TPC (BDTPC)
(new proposal)
Luminosity, Energy, Polarization
Contact person
Mike Ronan
ronan@lbl.gov
(510) 486-4396
Institution(s)
Indiana
LBNL
Notre Dame

New funds requested
FY05 request: 50,000
FY06 request: 10,000
FY07 request: 5,000
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Beam-Diagnostic TPC (BDTPC)
Classification (subsystem)
Beam Diagnostics
Personnel and Institution(s) requesting funding
Michael T. Ronan, Lawrence Berkeley National Laboratory
Rick Van Kooten, Indiana University
Michael Hildreth, Notre Dame University
Collaborators
Marc Ross and Mike Woods, Stanford Linear Accelerator Center
Vincent Lepeltier, LAL (Orsay), France
Project Leader
Mike Ronan
ronan@lbl.gov
1-510-486-4396
Project Overview
Develop a new beam diagnostic tool based on a small Time Projection Chamber (MiniTPC) for measuring beam tails. Comparisons between reconstructed background track origins
and Monte Carlo beam-line simulations will provide insight on the size of beam tails and
on resulting detector occupancies. Measurements made with different gases will provide
sensitivity to different background sources, such as neutrons and heavily ionizing particles.
Broader Impact
A beam-diagnotic TPC tool could be used in many accelerator locations to study beam losses
and the growth of beam tails. A reasonable goal would be to measure tails at the level of 10−3
to 10−4 ; that is, measure track backgrounds from losses of 107 down to 106 beam particles
for typical bunches with 1010 particles.
Results of Prior Research
Initial studies of Linear Collider detector backgrounds have been made, see http://wwwilc.lbl.gov/detector/talks/2005MDI-SLAC-BackgroundStudies.pdf.
One of us (MTR) has had extensive experience in machine background simulations, operation
of a high-rate TPC and detailed comparisons to Monte Carlo predictions, see above and
“A mini-TPC for SLAC B-Factory Commissioning”, R. Cizeron et al, NIM A 419 (1998)
525, Proceedings of the Vienna Wire Chamber Conference, 1998, “Measurements of PEP-II
Backgrounds with the Mini-TPC in the January 1998 Commissioning Run”, V.Lepeltier et al,
BaBar Note #495, 28 May 1999, “Measurements of PEP-II Backgrounds with the Mini-TPC
in the Autumn-Winter 1998-1999 Commissioning Run”, V.Lepeltier et al, BaBar Note #xxx,
10 Oct. 1999.
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Facilities, Equipment and Other Resources
Existing TPC engineering designs will be used to specify the fabrication of a Mini-TPC for
beam diagnostics. A commercial Micromegas mesh will be used for gas amplication. New
highly-integrated front-end ALTRO electronics for the ALICE experiment at LHC will be
used for analog and digital processing. A commercial VME read-out module (ROM), crate
and power supplies will be purchased. Existing software tools will be used for data acquistion
and analysis.
FY2005 Project Activities and Deliverables
A working Mini-TPC chamber will be run on cosmic ray tests.
FY2006 Project Activities and Deliverables
First beam testing of the Mini-TPC and preparations for beam diagnostic measurements.
FY2007 Project Activities and Deliverables
Detailed comparisons of Monte Carlo beam-line simulations and Mini-TPC measurements
will be made.
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Budget justification:
Lawrence Berkeley National Laboratory
LBNL will procure front-end and readout electronics for $20K.
Indiana University will construct Mini-TPC chamber for $10K.
Notre Dame University will assemble test beam apparatus $15K.
Other miscellaneous expenses can be expected at a level not to exceed $20K.
Three-year budget, in then-year K$
Institution: Lawrence Berkeley National Laboratory
Item
FY2005 FY2006
Other Professionals
0
0
Graduate Students
0
0
Undergraduate Students
0
0
Total Salaries and Wages
0
0
Fringe Benefits
0
0
Total Salaries, Wages and Fringe Benefits
0
0
Equipment
20000
5000
Travel
0
0
Materials and Supplies
0
5000
Other direct costs
0
0
Institution 2 subcontract
10000
0
Institution 3 subcontract
10000
5000
Total direct costs
0
0
Indirect costs(1)
0
0
Total direct and indirect costs
40000
15000
(1) Includes xx% of first $xx subcontract costs
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FY2007
0
0
0
0
0
0
0
0
10000
0
0
0
0
0
10000

Total
0
0
0
0
0
0
30000
0
15000
0
10000
15000
0
0
65000

Budget justification: Indiana University
Mini-TPC Chamber construction.
Three-year budget, in then-year K$
Institution: Indiana University
Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Total direct costs
Indirect costs
Total direct and indirect costs
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FY2005
0
0
0
0
0
0
10000
0
0
0
0
0
10000

FY2006
0
0
0
0
0
0
0
0
0
0
0
0
0

FY2007
0
0
0
0
0
0
0
0
0
0
0
0
0

Total
0
0
0
0
0
0
10000
0
0
0
0
0
10000

Budget justification: Notre Dame University
Test beam apparatus.
Three-year budget, in then-year K$
Institution: Notre Dame University
Item
Other Professionals
Graduate Students
Undergraduate Students
Total Salaries and Wages
Fringe Benefits
Total Salaries, Wages and Fringe Benefits
Equipment
Travel
Materials and Supplies
Other direct costs
Total direct costs
Indirect costs
Total direct and indirect costs
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FY2005
0
0
0
0
0
0
10000
0
0
0
0
0
10000

FY2006
0
0
0
0
0
0
0
0
5000
0
0
0
5000

FY2007
0
0
0
0
0
0
0
0
0
0
0
0
0

Total
0
0
0
0
0
0
10000
0
5000
0
0
0
15000

