PROJECT DESCRIPTION: SEARCHES FOR NEW PHENOMENA WITH HIGH ENERGY PARTICLE ACCELERATORS.

I. INTRODUCTION

This proposal describes the planned activities of the Northern Illinois University (NIU) experimental high-energy physics group for the period from July 1, 2003 to June 30, 2006.  The group consists of four faculty (Gerald Blazey, Dhiman Chakraborty, Michael Fortner, and David Hedin), a visiting faculty member (Arthur Maciel), and a research scientist (Vishnu Zutshi). The group also currently includes seven graduate students and four REU undergraduates.  The primary two emphases of this project are participation in the D0 proton-antiproton experiment at Fermilab and research and development on the Linear Collider Detector (LCD).  The D0 and linear collider detectors represent current and future opportunities for the NIU HEP group to pursue searches for new phenomena. 

Since 1995, the National Science Foundation has supported the research of the NIU HEP group. For the period from 2001 to 2003, $412,000 was awarded under contract PHY-0099530. Previously, from 1998 to 2001, $640,000 was awarded to NIU under contract PHY-9803785.  From 1997 to 2001, Blazey was the principle investigator of a $506,000 NSF Major Research Instrumentation grant (PHY-9724220) for construction of Run II trigger components. This grant titled, "A Level-2 Trigger for the Study of 2000 GeV Proton Antiproton Collisions", involved a consortium between NIU, Michigan State, SUNY-Stony Brook. 

All members of the NIU NSF group participate in D0. The D0 detector [XX] is a large, general-purpose detector designed to take full advantage of the 1.8-2.0 TeV energy of the Fermilab proton-antiproton collider. The detector is operated by a collaboration of nearly 600 physicists from nearly 80 institutions. Data collected during Run I (from 1992 to 1996) have produced nearly 140 published papers. These papers describe the discovery of the top quark and measurements of its properties, searches for new phenomena such as leptoquarks and quark compositeness, high-precision measurements of the W and Z bosons, and QCD studies of light and heavy quark production and fragmentation. A major upgrade of the D0 detector and commissioning was completed in 2002, in preparation for Run II of the Fermilab collider. With the increased luminosity provided by the Main Injector, Run II, now underway, will lead to increased sensitivity in a number of physics analyses including searches for quark compositeness, supersymmetry, extra dimensions, and a low mass Higgs boson.  Blazey, Chakraborty, Hedin, and Maciel have been conveners of physics groups. Blazey was elected co-spokesperson in July 2002 and will serve a two-year term.

The group is also actively involved in the development of Linear Collider Detector (LCD) simulations, and development of calorimetry and muon detector systems, with

Chakraborty co-leading the American calorimeter working group (DH: DHIMAN> I DON”T KNOW WHAT THE RIGHT TITLE IS). The NIU HEP group has assisted the staff at the Stanford Linear Accelerator Collider (SLAC) with development of simulation infrastructure.  The group has also begun prototyping a digital hadron calorimeter based on scintillating tiles and fibers and is contributing to the simulation and design of an extruded scintillator muon tracker for the LCD.

II RESULTS FROM PRIOR NSF SUPPORT

Over the past few years, in addition to Run I operation and Run II construction and commissioning of the D0 detector, the group has made major contributions to the Tevatron physics program - particularly in QCD and searches for new phenomena.  During Run I, NIU had primary responsibility for muon software, software triggering and identification, and for aspects of run and trigger coordination.  These responsibilities have continued and broadened to include calorimeter software and jet and -lepton identification.  In the past year, the group has also initiated research and development in the LCD program.  The following sections of the proposal describe the results of these activities. 

II.A D0 PHYSICS RESULTS

Run I was completed in February 1996 with a total collected integrated luminosity of 123 pb-1. NIU made contributions in a number of Run I physics analyses including the studies of jet and b quark production, the discovery of the top quark, and searches for new phenomena such as leptoquarks and scalar bottom quarks. Blazey served as a coordinator of the QCD group from 1992-1995 while Hedin and Maciel were coordinators of the B physics group from 1991-1994 and 1996-1998, respectively. D0 published about 60 papers from 1999-2002. We highlight the results from the XXX papers where NIU personnel where primary authors. (DH:DHIMAN. NOTE when you were TOP CONVENOR)

Blazey coordinated and contributed to the analysis of the inclusive jet cross section as a function of jet transverse energy, beam energy, production angle, and cone size.  The Run I cross section as a function of transverse energy was published in PRL in 1999 [XX]. The cross section represents the most accurate measurement to date, as the systematic uncertainties are only 10% at 100 GeV and 23% at 400 GeV. The result addressed contemporaneous interest in the possibility of quark compositeness, in brief; QCD calculations adequately described the data.  Blazey has continued to expand the analysis to include measurement of the cross section at all transverse energies and production angles, jet sizes, and beam energies with graduate students from Arizona, Delhi, and Nebraska. Blazey co-authored a review article "Inclusive Jet and Dijet Production at the Tevatron" which appeared in the 1999 addition of the Annual Review of Nuclear and Particle Physics [XX]. Final results on the cross section as a function of beam energy [XX] and at central and large psuedorapidities [XX] and a measurement of multijet cross section ratios [XX] were separately published in three Physical Review Letters in 2001.  Also in 2001, a comprehensive review of high transverses momentum jet physics at D0 [XX] appeared in Physical Review D.  In the last year, 2002, Blazey has co-authored and submitted for publication to Physical Review D an analysis of jet production at low transverse energies [XX].  In all cases, next-to-leading order QCD represents an excellent to adequate description of the data 

[NEEDS UPDATE BY DAVE, GIVE REFERENCES TO JB] Leptoquarks (LQ), which decay via LQ-> l+q, are bosons predicted in many extensions to the Standard Model. Hedin completed the analysis of a search for charge 1/3 third generation leptoquarks decaying via LQ-> b + tau neutrino. The paper published in 1998 [XX] used muons to identify the b-quark decay and set a limit of 94 GeV for the mass of a scalar leptoquark, and of 216 GeV for Yang-Mills type vector leptoquarks. The LQ data was also used for a search for bottom squarks decaying sbottom-> b + LSP. The search for bottom squarks complemented D0's previous search for top squarks. The bottom squark limits published in PRD in 1999 [XX] set limits in the bottom squark mass versus LSP mass plane. For LSP mass less than 20 GeV, the bottom squark mass was determined to be greater than 115 GeV. (A more stringent limit from CDF was published in 2000.)  The signature of these decay, two b-quarks plus missing energy, also occurs in the channel ZH->+b+b.  Studies of the Run II trigger and acceptance in this channel have been done by Hedin and was the topic of the masters degree completed by V. Verma in 2002 [XX].

[ARTHUR PLEASE UPDATE, GIVE NEW REFERNCE TO JB]. Maciel (with A. Sznajder of CBPF) completed the analysis of a muon-tagged jet sample, and extracted from it the differential production cross section for b jets as a function of jet transverse energy. Past D0 measurements of inclusive b quark production, which were based on relating the measured muon momentum to its parent quark, indicated a general agreement in shape, but normalization systematically about 2.5 times higher than the NLO prediction.  This newer study is a complementary measurement of b production, based primarily on calorimetry, with the main focus on jets rather than quarks. As opposed to quarks, jets are directly observable and therefore reduce model dependence when comparing experimental data with theory. The new results were still greater than the predicted values, but closer and with a trend towards better agreement at higher transverse energies. These results were published in 2000 [XX].   As a member of the Run b-physics group Maciel has been involved in the effort to tag and normalize b-production with the current (preliminary) data. 

[DHIMAN PLEASE EDIT, GIVE NEW REFERNCE TO JB]. Since joining NIU in 2001, Chakraborty has led the search with S. Jain and N.K. Model of the Tata Institute for a narrow vector resonance X->top-antitop in lepton plus jets final states using Run I data[XX]. The analysis is complete and, and the absence of a X >top-antitop, signal represents the best upper limit from the Tevatron on (X)*BR(X->top-antitop) as a function of m(X). Assuming a top color-assisted technicolor model, m(X)<560 GeV is ruled out for (X)=0.012*m(X). The results have been presented at several conferences, and should be submitted for publication this fall.  Chakraborty was coordinator of the top group from 1997-1999, and was primary author of a paper searching the top quark sample for decays into charged Higgs.  An overview of Tevatron top physics results was presented by Chakraborty at the March, 2002 Moriond conference.

[VISHNU IF YOU HAVE WORKED ON RUN I ANALYSES WHILE WITH NIU PLEASE INSERT APPROPRIATE TEXT HERE, PLEASE INCLUDE FOOTNOTE INFORMATION.]

II.B D0 – D0 DETECTOR UPGRADE, COMMISSIONING, AND OPERATION

During Run I, NIU had primary responsibility for muon software, software triggering and identification, and for aspects of run and trigger coordination.  These responsibilities have continued and broadened to include calorimeter software and leadership of jet reconstruction and -lepton identification efforts.  During the 1999-2002 period, a major emphasis of the NIU group was the upgrade and commissioning of the D0 detector. 

II.B.1 Triggering

The Run II upgrade enables the detector to operate with the increased luminosity and shorter bunch spacing of the upgraded collider (from 3.5 s to 396 and 132 ns). The upgrade features an entirely new central tracking system utilizing silicon barrels, scintillating fiber, and a superconducting solenoid.  The calorimeter has been improved by the addition of central and forward preshower detectors. Changes to the muon system include scintillation counters to tag the beam crossing and new drift chambers in the forward region. NIU's primary upgrade roles involved the trigger and muon systems [XX] and reconstruction software. The groups activities have moved from designing and building the detector to commissioning it prior to the start of operation in 2001. Extensive discussions of the commissioning transition occurred at the D0-2000 collaboration workshop, held at NIU in June 2000, with over 300 attendees [XX].   

Blazey, Fortner, and Maciel had significant roles in the construction of the upgraded trigger.  Blazey was project leader of the entire trigger upgrade from 1994-2002 overseeing the design, construction and installation of each trigger component.  The trigger upgrade involved approximately thirty physicists from over ten institutions. The upgraded D0 triggering system uses two hardware triggers and a software trigger to select about 50 Hz of events for further offline processing from the approximately 7 MHz collision rate.  Improvements to the L1 trigger include (a) several new tracking detectors: the fiber tracker, the central preshower and the forward preshower and (b) a significantly modified muon detection system. Also, the L2 system, examines all events, includes several new detector-specific preprocessing engines and a global stage to test for correlations between L1 triggers. Finally, the L3 system has undergone bandwidth and processor improvements to meet increased computational needs. Blazey and master's student B.Bhattacharjee simulated rates for the entire system.

An NSF MRI grant was used to fund the construction of the L2 calorimeter, preshower, and muon preprocessors. NIU, with Fortner as project leader, had responsibility for the L2 muon preprocessor. NIU and Nevis Laboratory using concepts initiated by Fortner designed the muon preprocessor.  This highly parallelized system finds muon tracks in less than 50 microseconds from data transmitted from 150 muon front-end systems.  The data set includes all raw tracking and scintillator hits from the muon detection system.  The L2 muon trigger is comprised of 20 circuit boards which each house five digital signal processors. Maciel was responsible for the design and implementation of the algorithms. Others working on this include NIU graduate students S. Uzunyan and A. Zatserklyaniy and physicists from Munich and Columbia.  The muon L2 was commissioned over the past year and began to be used in event selection in May 2002. {DH XX –REFERENCE to Sergey’s APS TALK??)  Initially, it provides rejection of approximately two on single muon triggers (with a 98% efficiency) by requiring the presence of a muon segment in either the layer inside or outside of the muon toroid. The muon L2 will evolve over the next year (in concert with L1 changes) and use additional elements such as muon momentum determined using the muon toroidal spectrometer and scintillator timing to provide needed rejection.   
During the past year, most elements of the trigger and data acquisition system have been in the commissioning phase. A number of critical elements have required significant oversight and at the request of D0 management Blazey has supervised a redesign of the data acquisition, production of the central tracker trigger readout electronics, and commissioning of the central tracking trigger (CTT).  The new L3 system is composed of entirely off-the-shelf commodities and is now fully operational.  Production and testing of the electronics for the central fiber tracker (both for readout and triggering) did not occur commence the summer of 2001. A significant testing effort occurred during the remainder of 2001 and the full set of electronics now installed at D0. NIU aided in the testing efforts,. D. Mihalcea, an NIU post-doc, supervised board tests.  Two REU summer students, B. McCanne and K. Evans, and two graduate students, X. Song and A. Zatserklyaniy assisted with the testing.  The CTT is built from over 100 circuit boards, which use field programmable gate arrays to search the ~100k central fiber tracker and preshower hits for patterns consistent with tracks above 1.5 GeV.  The CTT provides information to both the L1 and L2 trigger stages.  All hardware is installed and the FPGA algorithms are in commissioning.   

II.B.2  Muon System and Software

The muon system has also undergone major changes for Run II.  NIU along with ITEP had responsibility for building new scintillation counters, which are located in the central region immediately after the calorimeter. These counters improve muon triggering and identification in a number of ways. Their location preceding the iron reduces the minimum trigger threshold from 3.5 GeV/c to 1.8 GeV/c while also filling in some gaps in the angular coverage for higher energy muons. The timing resolution (3 ns at L1 and 1.5 ns at L2) will reject triggers from out-of-time particles produced by hadronic interactions near the beam or remnant cosmic rays. Hedin plus six NIU students constructed about half of the 630 counters during 1998, with the rest assembled at ITEP. Tests, including efficiency studies, were done at NIU and Fermilab using cosmic ray muons. The counters became available in Summer 2000.  Work on calibrating and monitoring these counters are discussed below. The same electronics and phototubes are being used for counters located in the rest of the muon system, and NIU personnel also aided in the assembly and testing of their components. 

NIU was involved in the rewriting of muon-associated software in the C++-based environment being used for Run II. V.Sirotenko (who has since left the group to join Fermilab) coordinated the muon reconstruction group during 1999, and played a major role in implementing the muon detector into the new GEANT-based Monte Carlo. Fortner designed a class structure for handling data, which has been adopted throughout D0, while Hedin has aided in the writing and debugging of the code used to make muon hits and segments.

Hedin completed a term as co-coordinator of the muon identification group in 2001.  Hedin had the initial responsibility for the program used to do the online monitoring of the muon detector. NIU students McIntosh, Eads, Song, and Verma have also worked on monitoring and calibrating the muon system. Hedin and Eads are in the process of determining the time-of-flight corrections for the counters in the central region.   Hedin also aided in understanding the performance of the central system's wire chambers. Part of this was a new determination of the position along the wire determined from the time division information; the new electronics produced an unexpected time slewing, which caused non-linearities in the response function. NIU student involvement in muon ID has also included REU summer student A Olowoyeye who developed macros for verifying the results of the muon reconstruction, all of the graduate students aiding in scanning events which were used for the first-pass efficiency determinations, and (recently)  Verma and Zatserklyaniy aiding in testing releases of the muon L1 and L3 trigger simulation code.  

II.B.3 Jet and -lepton Identification 

[VISHNU PLEASE ADD TEXT ON RUN II CONTRIBUTIONS SINCE JOINING NIU] -leptons, a third generation particle, are important in a number of physics studies including many SUSY and Higgs topics. Chakraborty has been co-leader of D0's identification group since April 2001.  His responsibilities are design and implementation of  triggers at hardware and software levels, supervising detailed studies of jet shape and linearity of calorimeter response, improvements in offline pattern-recognition by using different neural networks for different decay modes, and the design and implementation of  reconstruction software.

A short lifetime, branching fractions, and presence of neutrino(s) in the final state make identification of tau leptons a challenging task at hadron colliders.  These leptons are identified by the topology of their decays typically to a single charged particle (with or without associated electromagnetic energy) or three associated charged particles.  Efficient triggering on tracks and excellent tracking as well as calorimetric discrimination are essential for effective identification. During the past year event selection and neural network methods have been developed and tested on Monte Carlo. They give about 50% efficiency for each topology with background rejections greater than 100. 

II.B.4 Shift Operations

All members of the NIU NSF group have contributed to Run II operations by taking about three or four data-taking shifts per month.  The group has focused on detector shifts including central tracking, muon and calorimeter shifts.

II.C LINEAR COLLIDER DETECTOR RESEARCH AND DEVELPOMENT

During the summer of 2001, NIU began a program of linear collider detector research and development. The NIU effort involves LC event simulation, jet reconstruction through energy flow algorithms, and detector prototype development. The group has collaborated with the central simulation group at Stanford Linear Accelerator Laboratory on the development of simulation software.  Detector development at NIU has focused on scintillator-based systems for calorimetry and muon detectors.  

The effort is well coordinated with the full linear collider effort as Chakraborty is co-leader of the American Linear Collider Program Group calorimeter working group (http://www.slac.stanford.edu/ xorg/lcd/calorimeter/), and the coordinator of the calorimetry effort of the University Consortium for Linear Collider R&D (http://www.lns.cornell.edu/public/LC/UCLC/). Chakraborty, Zutshi, and Maciel work with graduate students McIntosh, Arov, and Shen.  Results of the LCD studies have been presented by Chakraborty, McIntosh, and Zutshi at the January 2002 Chicago meeting of the American Linear Collider Physics Group (ALCPG); by Zutshi at Calor2002; by Maciel at the 2002 ECFA-DESY St. Malo meeting; by Chakraborty, Maciel, and Zutshi at the June 2002 Santa Cruz workshop of the ALCPG; and by Martin at the 2002 International LC workshop, Jeju Island, Korea. 

In collaboration with the SLAC simulation group led by N.Graf, the NIU group has invested considerable effort in the linear collider simulation infrastructure. The simulation software has been ported to LINUX farms at NIU (8 CPUs) and Fermilab (20 or more CPUs depending on demand). These platforms are maintained by NIU staff and available for LC community-wide use. This includes event generation with PYTHIA and detector simulation and analysis packages GISMO and JAS developed at SLAC.  The group has recently succeeded in integrating GEANT4 into the overall simulation. The integration of GEANT4 was necessary to permit easy simulation of new detector geometries.

In order to maximize the linear colliders potential for measuring the properties of the Higgs, the LCD must have exceptionally good jet resolution (30% over the square root of jet energy) well beyond the reach of traditional sampling calorimetry. The resolution is required to cleanly identify the predominately hadronic decays of W and Z bosons produced in Higgs decay. A promising technique for achieving such resolution involves energy flow algorithms (EFA). Energy flow capitalizes on tracker chambers and fine-grained electromagnetic calorimeters to measure the energies of the charged particle and electromagnetic components of a jet. As a result, only the neutral hadrons need be measured with the stochastically less precise hadron calorimeter.   To apply EFAs, the charged clusters must be separated from the neutral clusters in the calorimeter.   The group has started developing two independent schemes for cluster finding, developing the EFA in the LCD environment, and tuning the detector parameters. 

The hadronic calorimeter must essentially be a "three dimensional tracking calorimeter” with fine lateral and longitudinal segmentation. For reason of economy the maximum allowable lateral size of cell is ~10 cm2.  At least 35 layers are needed for effective tracking. The lateral size and layer number translates to a very large number of channels (~5 million) in the hadron calorimeter.  One way to offset the high cost associated with a mega-channel detector is to limit the dynamic range of the measurements – that is, trade dynamic range for fine granularity. At the extreme, this may mean a purely "digital" hadron calorimeter with a single-bit readout from each cell with its threshold tuned to respond to the passage of a minimum-ionizing particle.  The group has found that indeed a sufficiently small cell size can effectively compensate for full sampling information [XX].

The NIU group has begun a research program to determine the optimum parameters and cost of digital hadron calorimetry. Topics under study include the type of active medium and transducer, digital versus analog readout, optimization of lateral and longitudinal segmentation, choice of absorber, and non-linearities and complications arising from leakage through a relatively thin calorimeter.   While the development of the EFA is semi-independent of the hardware choice, a scintillation-based design with small cell size is a likely candidate for a DHC.  The NIU NSF group has been and developing the scintillator prototype with the assistance of three NIU detector physicists, M. Martin (also an electronics engineer), A. Dychkant, V. Rykalin.  These individuals are supported through the Northern Illinois Center for Accelerator and Detector Development (NICADD). Graduate students M. Arov and Z. Shen also contributed to this.

Prototype cells of various thickness and fiber-routing scheme have been machined and evaluated together with fibers of different shapes and materials.  Hexagonal cells neatly minimize cell surface area, maximize the uniformity of response, and optimize structural rigidity. Nearly 25 cells of ~10 sq cm area and 5 mm thickness have been machined. Two different groove patterns: straight and "sigma" have been tried. Many options have been tried for light proofing including Tyvek or aluminized Mylar wrapping, spray painting with vinyl, lacquer, and acrylic paints, and aluminum sputtering. Different geometry and material options for wavelength shifting and clear fiber have also been tried. The "sigma" groove  with 85 mm wavelength shifting fiber inside the cell seems to be optimal, providing nearly 30 photoelectrons per minimum ionizing particle.  Currently a number of cells are under study to test uniformity and stability.

Two signal transducer options are also under study.  Preliminary results indicate that light yield is more than sufficient for visible light photon counters (VLPCs) which are used in D0 tracking.  While VLPCs are available for testing and a proven technology, MRS, a newly-emerging technology that operates at room-temperature is being tested.  NIU with NICADD has purchased a scintillator extrusion facility for installation in the Fermilab Scintillator Development Laboratory (SDDL).  Since the hexagonal unit cells have high light yield the prospects are good that they can be produced economically with extrusion technology. This will be investigated at SDDL.

A limited effort by Maciel, Hedin, and REU students S. Kuhn, M. Bednarz, and B. Blazey has gone into the design of an LCD muon system. This is being done under the leadership of H.E. Fisk (Fermilab) and is exploring a multi-layered iron-scintillator system. Studies of hadronic leakage and muon identification have begun and more detailed results should be available in the upcoming year.  NIU will also participate in continuing studies of the counters themselves, which are starting from a MINOS-based extruded design, which limits some properties (in particular the time resolution) that would impact the physics. 

II.D OUTREACH

Participants in this grant are involved in education and outreach efforts, with the funding for these primarily provided by the university and the State of Illinois. In 2001, Hedin and Fortner initiated an outreach program. The program visits regional grade schools and high schools plus community centers with the dual purpose of increasing enthusiasm for science and public awareness of Fermilab. During the past year, 29 trips were made to schools in DeKalb, Kane, and Winnebago counties and to two community centers. The presentation emphasizes energy and light, but also addresses how scientists make observations, stereotypes about science, and Fermilab activities. The outreach program conducted a science camp in the summer of 2002 for students in grades 8-12. Hedin reported on this program at the meeting of Illinois Universities Deans Meeting in October,  2001. More information is available at  www.physics.niu.edu/frontier.

In 2001-2002, the Northern Illinois University Public Opinion Laboratory (POL) using State of Illinois funding conducted a telephone survey of public awareness and attitudes concerning Fermilab. The survey questions were developed by POL in consultation with Fermilab, with Hedin aiding in the question development and in the training of the 30 people who conducted the interviews. One thousand residents  were asked questions about  their familiarity with Fermilab and their attitudes about its present operations and possible future expansion. The results from the survey were presented to the Fermilab Directorate as part of the July 2001 Report of the Fermilab Committee for Site Studies. They indicated that the attitude of most of those who were familiar with Fermilab's activities is very favorable. However about half those surveyed had no knowledge of Fermilab, or wanted additional information.

Finally, Hedin and Blazey gave public lectures at NIU (as part of the Independent Learning in Retirement program) and, for Blazey, at South Dakota State University, on particle physics and the fundamental forces. Chakraborty is a volunteer at Fermilab's 'Ask a Scientist' program while Fortner spends about one afternoon a week aiding in science education at grade schools in West Chicago.

III HUMAN RESOURCES DEVELOPMENT

Student involvement in research is a critical aspect of the proposed research effort. Students can make significant contributions in a number of areas: detector R&D, construction and testing, software development, and data collection and analysis. NIU's location has allowed us to make effective use of undergraduate students and terminal masters students. While some of these students have gone on to receive Ph.D.s in physics or related fields (11 of our 70 students during the past decade), most complete their education at the bachelor's or master's degree levels and become employed as high school teachers, programmers, engineering physicists, or Fermilab operators.  In 1999, NIU received approval to grant the Ph.D. degree in physics. During 2000, three students with masters degrees, or with significant previous experience, plus two part-time students who are Fermilab employees began at NIU. The inclusion of Ph.D. students in our research effort will alter their contributions. However, we plan on continuing the involvement of undergraduate and terminal masters students in our program.

From 1998 to 2002, six graduate and fifteen undergraduate students were supported by NSF funds.  B. Bhaterchatjee completed her master's thesis on Run II trigger simulations and graduated in Spring 1999. J. Ziegler completed her master's thesis on testing muon scintillation counters and graduated in Fall 1999, and is currently teaching at the college level.. M. Eads completed his masters thesis in Spring 2002 on the prospects for stau searches in Run II  while V. Verma completed her masters degree on a study of triggers for the ZH channel. Eads and Verma are continuing in the graduate program. 

We currently have six traditional graduate students and one who is a full-time high school teacher plus part-time student. Five are on D0 while two are doing LCD work. One student primarily worked on the muon L2 trigger that has required a sophisticated understanding of data communication protocols and DSP programming. As described in prior work, the other four students have done a variety of code development or analysis studies. In addition to the normal reports on their work at NIU and D0 meetings, one student gave a talk at the April, 2002 APS meeting (S. Uzunyan, The D0 Level 2 Muon Trigger).  During the past two years, seven undergraduate students worked on our project. Two primarily learned about state-of-the-art electronics and quality assurance as part of the fiber readout board testing effort on D0. One worked on detector development with A. Bross’ group at Fermilab while the other  four worked on software projects using C++ and Java as part of D0 and LCD efforts. This included preliminary estimates of LCD muon background rates

Undergraduate research was primarily supported through REU funds. A university program, the Undergraduate Research Apprenticeship Program, provide partial support for one student each semester. These students worked on aspects of the D0 muon upgrade (both hardware and software) and aided in testing electronics for the central tracking.  They also have worked on LCD-related hardware and software projects. Of the nine REU students in our group during the past two years, three have continued in our graduate program, two remain NIU undergraduates while the others are in physics and computing science programs at other universities. 

IV PLAN FOR FUTURE FUNDING PERIOD

IV.A D0 – RUN II PHYSICS POTENTIAL

During the period 2003-2006, the highest priority of the NIU high-energy physics group will be shared between physics analysis and operation of the D0 detector. This data will increase D0's sensitivity to a number of searches, and we discuss three in which NIU will have significant roles:  searches for quark compositeness, searches for long-lived massive charged particles, and signature-based searches using the channel with two b-quarks plus missing energy. Thesis topics of the five NIU graduate students will be based on these topics.

For Run II, the central inclusive jet and dijet cross sections will be of interest primarily as searches for new physics or quark compositeness.  The quark compositeness limits of roughly 2.0 TeV from the dijet cross sections will significantly increase after Run II. Above 500 GeV the inclusive jet prediction without compositeness and a prediction with a 2.25 TeV compositeness scale differ by 100% at a statistical significance of five .   This difference is about three times the current systematic errors.  These errors, which are dominated by the jet energy calibration, will be reduced in Run II because increased statistics will decrease systematic error on the in-situ calorimetric calibration. Blazey and a graduate student will contribute to the inclusive and di-jet measurements.

Long-lived massive charged particles would be a compelling sign of new physics, and triggering and searching for them in D0 have been often discussed [XX].  Many extensions of the standard model predict such particles. One is gauge-mediated supersymmetry breaking with the lightest supersymmetric particle (LSP) being a neutral, weakly interacting Goldstino. The next-to-lightest supersymmetric particle (NLSP) can then be long-lived. If charged, it is observable due to long times-of-flight and high ionization [XX]. A favored candidate for the NLSP is the stau, which would decay into +LSP. The addition of scintillation counters to the muon system and extensions of the L2 triggering algorithms plus improved tau identification will allow such searches in Run II.

In 1998, Hedin and D. Cutts (Brown Univ.) advocated that the front-end electronics for the muon scintillation counters be modified so that they could identify particles with velocity less than the speed of light. The electronics were modified and now consist of two independent timing gates with one gate used to control L1 triggering and the other gate for read-out (and available for L2). As some muon triggers will have significant rate from out-of-time particles such as beam-induced spray or random cosmic rays, the L1 trigger gate may be set as short as 15 ns, while the read-out gate will always be about 100 ns, just less than the 132 ns collision bunch spacing.  Actual setting of the L1 gate widths will be done after examining Run II data. The current estimate is that the counters in the region between the calorimeter and iron will have a short L1 gate (15-25 ns) while those outside the iron will have a wide L1 gate (50-100). As these counters are 10-15 ft and 20-30 ft from the interaction point respectively, this will allow triggering at L1, which requires at least one scintillation counter in the trigger, down to velocities of about 0.5c for muon-like particles. At L2 and later stages of analysis, time-of-flight can be determined for those muons which strike both the inner and outer counters. About 70% of muons will have this topology. Our plan therefore is to trigger on slow particles at L2 using muon scintillation counters, and to reduce thresholds on other requirements, such as jets, to as low a level as possible.   Maciel, Hedin, and students Uzanyan and Eads  plan to work in this area, and the Run II prospects for staus searches was the topic of Eads’ masters thesis, completed in Spring 2002.

The increased luminosity and improved Run II trigger will enhance the sensitivity of D0 for Standard Model Higgs boson production in the mass range above the LEP 114 GeV limit (with the LEP results possibly being in a state of flux at the time of this proposal).  Associated production of WH and ZH will have the best signal to background ratio, but will still require integrated luminosity of 10 inverse fb or more for a Higgs discovery. As noted above and in [6] we have studied the trigger and analysis for the channel ZH->+b+b. This is a similar final state topology as some pair produced third generation leptoquark and scalar bottom quarks decays. Optimizing the trigger will be the initial priority for this channel. Requiring a muon (from the b decay) will give triggers with low rates but with efficiencies below 50%.  Triggering on two jets and on missing energy can improve the efficiency but only if the thresholds are kept low. For example lowering the L1 missing transverse energy threshold from 25 GeV to 10 GeV increases the acceptance by 1/3.  Given that its trigger has been determined, the first analysis step will be to do a signature-based search in the 2 b-jet plus missing energy channel. In Run I, b decays were only identified through their decays to muons. For Run II, the silicon vertex detector will significantly enhance this. This will improved the sensitivity to searches for new processes using this topology and also the ability to detect and study related processes such as Z->bb and ZZ->bb+nunu. Hedin, Maciel, and student Verma will contribute to the effort on this channel, with a study of the trigger efficiency being the topic of Verma’s masters thesis, completed in Summer 2002. .

[DHIMAN AND VISHNU PUT A PARAGRAPH EACH HERE ON YOU FAVORIT E SIGNAL.]

IV.B D0 – RUN II OPERATIONS

NIU will have major responsibility for Run II leadership.  As co-spokesperson, Blazey will oversee detector operation, physics analyses, and preparation for Run IIb. This is a multi-faceted full-time job.  The chairman of the department has indicated Blazey would be released from teaching duties during his term.  In addition, Blazey will continue as project manager for the CTT until initial operations commence.  The full set of CTT firmware should be integrated in the hardware by mid-fall. 

Maciel, Fortner, and students along with colleagues from Columbia will be responsible for the operation of the L2 muon preprocessor. With hardware now in place, preliminary tests of trigger algorithm performance indicate that all design goals are comfortably met.   Optimization of the muon L2 will be of primary concern of the NIU group. The flexibility of the system (data re-routing, configuration parameters etc.) should be an important asset while fine-tuning the performance. The goal is to achieve the desired background rejection rates while preserving a stable balance between trigger operation (data movement and algorithm speed) and detector hit occupancy at the highest luminosities. An equally important and parallel task will be the optimization of trigger efficiency, that is, within the time budget what is the best muon identification that can be achieved. The final tuning and optimization of trigger efficiency is something best performed using real data taking. To help with this task, a test stand with a shadow trigger will be available, receiving copies of detector data on real time, so that tests can be carried out without interfering with the main system. It is NIU's responsibility throughout the run to maintain uninterrupted monitoring of the L2 muon trigger rates and performance, as well as constant determination of the trigger efficiency.

NIU's role in muon detector operations (Hedin plus student Eads) will be centered on monitoring the central muon system's wire and scintillation counters. Included in NIU's responsibility will be determining the efficiencies, response functions, and resolutions of the detector elements, and making the necessary software changes related to those elements.

[DHIMAN, VISHNU PLEASE ADD HERE]

IV.C LINEAR COLLIDER DETECTOR RESEARCH AND DEVELOPMENT

[DHIMAN THIS IS UP TO YOU, 2 or 3 paragraphs please]

A prototype tower (12 layers, 7 cells per layer) will be constructed and tested during the upcoming year using cosmic rays.

IV.D OUTREACH

[DAVE CAN YOU add text HERE? 2 or three paragraphs]
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