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RESEARCH EXPERIENCE 

2000-  Assistant Professor 
current School of Physics and Astronomy, University of Minnesota, Minneapolis, MN 
  Research Focus: Experimental particle astrophysics 
  • Pierre Auger Observatory for the highest energy cosmic rays 
  • HEAT, HEAT-pbar, & CREAM cosmic-ray balloon payloads 
  • Cosmic rays with the MINOS far detector 
  • ACCESS, ANITA, and EPLUS experiment design studies 
  • Detector and detector electronics research 
1996-  Research Associate (Prior to 9/99: Postdoctoral Research Fellow), Advisor: James J. Beatty 
2000   Department of Physics, The Pennsylvania State University, University Park, PA 
  • HEAT, HEAT-pbar, & CREAM cosmic-ray balloon payloads 
  • Pierre Auger Observatory for the highest energy cosmic rays 

1991-  Graduate Research Assistant, Advisor: John A. Simpson 
1996 Enrico Fermi Institute, The University of Chicago, Chicago, IL 
  Thesis: On the Galactic cosmic ray manganese 
  • Ulysses, CRRES, IMP-8, EHIC, and Pioneer 10 high-energy particle telescopes 
  • Cosmic-ray propagation, elemental and isotopic composition, and solar modulation 

1988-  Research Assistant 
1991 Department of Physics, The Georgia Institute of Technology, Atlanta, GA 
  • Semiclassical chaos, Thesis: Semiclassical diamagnetic coulomb problem (T. Uzer) 
  • Computational nonlinear optics of statistically rough surfaces (K. O’Donnell) 
  • Theory of nuclear velocity-dependent psuedo-potentials (H. Valk) 

TEACHING EXPERIENCE 

 University of Minnesota 
 • Physics 1001W, Energy and the Environment 
 • Honors physics discussion sections 

 Penn State University 
 • Physics of Music—designed and taught a demonstration- and project-based curriculum 

 University of Chicago 
 • Teaching assistant for Introductory Physics, “Physics for Poets,” and Quantum Mechanics 
 • Organized a new set of “standard problems” for the introductory physics sequence  

  Copernican Space Science Center, Planetarium and Observatory, New Britain, CT 
 • Researched, wrote, and delivered public multimedia planetarium productions 



EDUCATION 
Ph.D. Physics: University of Chicago, August 1996 

M.S.  Physics: University of Chicago, March 1995 

B.S.   Physics, with Highest Honors: Georgia Institute of Technology, June 1991 
 
PRINCIPAL RESEARCH INTERESTS 
 • Astroparticle physics: cosmic ray abundances, antimatter, highest energy events, & neutrinos 
 • Particle physics detectors: water Cherenkov, thin calorimetry, transition radiation, & electronics 
 • Space physics: cosmic rays in the heliosphere, solar modulation, & geomagnetic effects 
 • Astrophysics: charged particle acceleration, Galactic magnetic fields, & Galactic nucleosynthesis 
 
OTHER RESEARCH INTERESTS 
 • Advanced technologies for the detection of landmines in support of humanitarian demining 
 • Architectural & musical acoustics 
 
TEACHING INTERESTS 
 • Introductory physics taught in the instructional laboratory setting 
 • Nuclear and particle astrophysics: nucleosynthesis and Galactic chemical evolution 
 •  Advanced experimental laboratory course: graduate and undergraduate 
 • Acoustics for both physics and music students 
 
AFFILIATIONS 
  American Physical Society, Sigma Xi, American Astronomical Society, Institute of Navigation 



 
RESEARCH FOCUS 
 Cosmic rays, particle astrophysics, non-accelerator particle physics, neutrino astrophysics 
 
• Pierre Auger Observatory examining the highest energy cosmic rays: Participated in the design 

study, electronics planning and prototyping, and physics simulations of the ground array, especially 
for the Gamma-Ray Burst & neutrino triggers. Involved with the construction of the engineering 
prototype detectors and installation in the field. Subtask leader for surface electronics installation, 
field-deployment, and environmental testing. 

 
• Cosmic ray physics with the MINOS detector systems: Co-coordinator of cosmic-ray analysis for 

the MINOS project. 
 
• HEAT balloon magnet spectrometer project studying antimatter in the cosmic rays: Worked on data 

analysis for 1994 & 1995 electron & positron, atmospheric secondaries (electrons, muons, and 
neutrinos), and heavy nuclei studies and electronics, detector design, construction, and testing and 
data analysis for the 1999 & 2000 antiproton flights. 

 
• CREAM Ultra-Long Duration Balloon (ULDB) cosmic ray calorimeter: Designing and building 

hardware and software data acquisition systems. 
 
• Cosmic ray theory: Continued studies of the Galactic propagation of radioactive isotopes, electrons, 

and antiprotons in the cosmic rays under realistic physics models of the interstellar medium. 
 
• Detector experience includes: scintillation time-of-flight systems, magnet spectrometers using drift-

tube hodoscopes, energy-loss detectors using both silicon and wire chambers, high-voltage control 
systems, sampling hadronic and electromagnetic calorimetry, transition radiation detectors, water 
Cherenkov detectors, RF Cherenkov, and atmospheric fluorescence 
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94 “Simulation of the atmospheric fluorescence from EAS for calculation of the photoelectrons at the 

PMT photocathode of FD,” A. Geranios et al. (Auger Collaboration). Proc. 27th Intl. Cosmic Ray 
Conf., 671 (2001) 

 
95 “Present status of the MINOS experiment,” K. Ruddick (MINOS Collaboration). Proc. 27th Intl. 

Cosmic Ray Conf., 1259 (2001) 
 
96 “The puzzle of ultra-high energy cosmic rays and the Pierre Auger Project,” F. Montanet (Auger 

Collaboration), Proc. 8th Intl. Symp. On Particles, Strings, and Cosmology, PASCOS-2001 (2001) 
 
97 “Pierre Auger Observatory: Status and prospects,” M. Boratov (Auger Collaboration), Proc. Intl. 

Work. Extremely High Energy Cosmic Rays—Experiments, Theory, and Future Directions, ICRR 
(2001) 

 
98 “The Pierre Auger Observatory: Status Report,” B. Revenu (Auger Collaboration), Semaine de 

l’Astrophysique Francaise, Ed. Societe Francaise d’Astronomie et d’Astrophysique, SF2A-2001, 
140 (2001) 

 
99 “Highest energy cosmic rays and the Auger Observatory,” A. Letessier-Selvon (Auger 

Collaboration). 7th Taipei Astrophys. Work. On Cosmic Rays in the Universe, ASP Conference 
Proc., 241, 27 (2001) 

 
100 “Status of the MINOS experiment,” S. Wojcicki (MINOS Collaboration). Nucl. Phys. B (Proc. 

Suppl.), 91, 216 (2001) 
 
101 “MINOS: The Main Injector Neutrino Oscillation Search,” A. Weber (MINOS Collaboration). Nucl. 

Phys. B (Proc. Suppl.), 98, 57 (2001) 
 
102 “Status of the MINOS Experiment,” V. Paolone (MINOS Collaboration). Nucl. Phys. B (Proc. 

Suppl.), 100, 197 (2001) 
 
103 “MINOS far detector: Construction & QA testing,” L. Mualem et al. (MINOS Collaboration). 

CALOR-2002 Proc. (2002) 
 
104 CREAM CALOR-2002 
 



105 MINOS other CALOR-2002 
 
OTHER PAPERS AND REPORTS (*** UNIVERSITY OF MINNESOTA) 
 
1 “EHIC (NOAO-13) high energy telescope calibration and Monte Carlo energy loss analysis,” M. A. 

DuVernois and E. Murphy, University of Chicago, LASR technical report (1994) 
 
2 “Energy loss mechanisms, algorithms, and tables, for electrons in solid-state particle detectors,” M. 

A. DuVernois, University of Chicago, LASR technical report (1995) 
 
3 “Range and stopping of electrons and ions in matter,” M. A. DuVernois, University of Chicago, 

LASR technical report (1995) 
 
4 “On the Galactic cosmic ray manganese,” M. A. DuVernois. Ph.D. Thesis, The University of  

Chicago, Enrico Fermi Institute Publication #96-027 (1996) 
 
5 “Pierre Auger Observatory design report, 2nd edition,” Auger Collaboration. Fermi National 

Accelerator Laboratory Technical Report (1996, with updates 1997) 
 
6 “Some issues for salt in water Cherenkov tanks,” M. A. DuVernois. Giant Airshower Project (Auger 

Observatory) Technical Notes, GAP 97-051 (1997) 
 
7 “Photomultiplier tube and photodiode options for the surface detectors,” M. A. DuVernois and A. S. 

Beach. Giant Airshower Project (Auger Observatory) Technical Notes, GAP 97-066 (1997) 
 
8 “Gamma-ray burst detection with the surface array,” M. A. DuVernois and J. J. Beatty. Giant 

Airshower Project (Auger Observatory) Technical Notes, GAP 97-068 (1997) 
 
9 “Notes on global navigation satellite service (GNSS) for the Auger Observatory,” M. A. DuVernois. 

Giant Airshower Project (Auger Observatory) Technical Notes, GAP-98-007 (1998) 
 
10 “Digital Elevation Maps of the Southern Site,” M. A. DuVernois, Giant Airshower Project (Auger 

Observatory) Technical Notes, GAP-98-024 (1998) 
 
11 “Solution to the Certicom ECCp-97 (Elliptic Curve Cryptosystem) Problem,” R. Harley et al. 

(ECCp-97 Collaboration). British Telecom Technical Computer Security Memorandum (1998) 
 
12 “Solution to the Certicom ECC2k-95 (Elliptic Curve Cryptosystem) Problem,” R. Harley et al. 

(ECC2k-95 Collaboration). British Telecom Technical Computer Security Memorandum (1998) 
 
13 “An ACCESS data management facility hardware and software plan,” M. A. DuVernois and S. 

Coutu. Penn State Particle Astrophysics technical note (1999) 
  
14 “CREAM prototype tubes and paddles: Test results,” S. Nutter and M. A. DuVernois. Penn State 

Particle Astrophysics technical note (1999) 
 
15 “Solution to the Certicom ECC2-97 (Elliptic Curve Cryptosystem) Problem,” R. Harley et al. 

(ECC2-97 Collaboration). INRIA, French National Institute for Research in Computer Science, 
technical note (1999) 

 



16 “International GRB coordination with the Auger Observatory,” M. A. DuVernois. Giant Airshower 
Project (Auger Observatory) Technical Notes, GAP-2000-014 (2000) and update GAP-2001-008 
(2001) 

 
17 “Global navigation satellite service update,” M. A. DuVernois. Giant Airshower Project (Auger 

Observatory) Technical Notes, GAP-2000-015 (2000) and update GAP-2001-009 (2001) 
 
18 “Ultralong duration ballooning (ULDB) flight computing,” M. A. DuVernois. Penn State Particle 

Astrophysics technical note (2000) 
 
19 “Humanitarian demining—Science, politics, economics, and people,” M. A. DuVernois, Penn State 

Alumni Magazine (2000) 
 
20 “CREAM flight computing design and status,” M. A. DuVernois and S. Coutu. Penn State Particle 

Astrophysics technical note (2000) 
*** 
21 “PC/104 Ultra-Long Duration Ballooning (ULDB) computer system,” M. A. DuVernois. University 

of Minnesota technical note (2001) 
 
22 “CREAM computing Interface Control Document (ICD),” M. A. DuVernois, University of 

Minnesota & NASA-WFF technical note (2001) 
 
23 “Pierre Auger Observatory: Technical Design Report (TDR),” Auger Collaboration, Fermi National 

Accelerator Technical Report (2001) 
 
24 “CREAM data formats and commanding ICD,” M. A. DuVernois, University of Minnesota & 

NASA-WFF technical note (2001) 
 
25 “Southern site magnetic field survey,” M. A. DuVernois, Giant Airshower Project (Auger 

Observatory) Technical Notes, GAP-2001-010 (2001) 
 
26 “Southern site RF background survey and implications for radio detectors,” M. A. DuVernois, Giant 

Airshower Project (Auger Observatory) Technical Notes, GAP-2001-011 (2001) 
 
27 “Animal visitation frequency at EA durface detectors, or, how soon will that cable get munched?” 

M. A. DuVernois, Giant Airshower Project (Auger Observatory) Technical Notes, GAP-2001-013 
(2001) 

 
28 “Surface detector temperature profiles in summer,” M. A. DuVernois, Giant Airshower Project 

(Auger Observatory) Technical Notes, GAP-2001-014 (2001) 
 
29 “Critical Design Review (CDR) findings for the Pierre Auger Observatory surface detector 

systems,” J. Cronin, M. A. DuVernois, B. Fick, and R. Stanek, Fermilab CDR SDE technical note 
(2001) 

 
30 “Critical Design Review (CDR) findings for the Pierre Auger Observatory site preparation and 

deployment task,” J. J. Beatty, M. A. DuVernois, B. Fick, H. Kages, and A. Watson, Fermilab CDR 
Deploy/Install technical note (2001) 

 
31 “CREAM data Interface Control Document (ICD),” M. A. DuVernois, University of Minnesota & 

NASA-WFF technical note (2001) 



 
32 “Auger off-road guide,” M. A. DuVernois and M. L. Johnson, Giant Airshower Project (Auger 

Observatory) Technical Notes, GAP-2002-015 (2002) 
 
33 “Pierre Auger Observatory in action,” P. Mantsch (Auger Collaboration). CERN Courier, 42, 11 

(2002) 
 
34 “Pierre Auger Observatory PMT handling guidelines,” M. A. DuVernois, Giant Airshower Project 

(Auger Observatory) Technical Notes, GAP-2002-014 (2002) 
 
CONFERENCE, WORKSHOP, AND COLLOQUIUM TALKS (* INVITED CONFERENCE TALKS, ***    

UNIVERSITY OF MINNESOTA) 
 
1 “Numerical treatment of light scattering from statistically random gratings,” American Physical 

Society, Southeast Section Meeting, 1990 
 
2 “Isotopic composition of the Ne, Mg, and Si cosmic rays from the ONR-604 experiment on the 

CRRES mission,” 23rd International Cosmic Ray Conference, 1993 
 
3 “Ulysses high energy telescope elemental measurements: secondary to primary ratios of galactic 

cosmic rays,” 24th International Cosmic Ray Conference, 1995 
 
4 “Galactic cosmic ray source elemental composition,” October Astrophysics Conference in 

Maryland, “Cosmic Abundances,” 1995 
 
5-7 “Galactic cosmic ray manganese,” “Elemental abundance anomalies in the cosmic rays,” and “A 

cosmic ray measurement of the β- partial half-life of 54Mn,” American Physical Society, April 
Meeting, 1996 

 
7 “Cosmic ray radioactive isotope measurements,” Workshop on Galactic Gamma-ray Line 

Astronomy, Clemson University, 1996 
 
8 “Low energy cosmic ray measurements from the Ulysses HET,” Penn State University, High-

Energy Physics Colloquium, 1996 
 
9 “Low energy cosmic ray measurements from the Ulysses HET,” University of Utah, Physics 

Colloquium, 1996 
 
10 “Cosmic ray radioisotope studies,” University of Iowa, Physics Colloquium, 1996 
 
11 “Radioactive isotopes in the cosmic rays,” 4th International Nuclei in the Cosmos Meeting, 1996 
 
12 “Low-energy cosmic ray isotope and element measurements,” University of Michigan, High-Energy 

Physics Colloquium, 1996 
 
13-15 “Understanding elemental and isotopic abundance anomalies in the galactic cosmic rays,” 

“Comparison of computational techniques for low-energy cosmic ray transport,” and “The cosmic 
ray 36Cl chronometer: Ulysses HET results,” 25th International Cosmic Ray Conference, 1997 

 
16 “Solar power requirements for cosmic ray magnet spectrometer payloads,” NASA Ultra-long 

Duration Ballooning Panel, 1997 



 
17 “Electron and positron spectra from 1-100 GeV: HEAT balloon measurements,” American Physical 

Society, April Meeting, 1998 
 
18* “Galactic cosmic ray radioactive isotopes,” 11th Course of New Vistas in Astrophysics, Erice, Italy, 

1998 
 
19 “Cosmic ray antimatter,” Penn State University, High-Energy Physics Colloquium, 1998 
 
20-21 “Cosmic ray antimatter: The compleat adventures of HEAT, the High Energy Antimatter 

Telescope” and “The Pierre Auger Project and the highest energy cosmic rays,” Notre Dame 
University, Colloquium and Astrophysics Seminar, 1999 

 
22 “Unconventional sources of cosmic-ray positrons,” American Physical Society, Centennial Meeting, 

1999 
 
23 “Electron and positron spectra from 1-100 GeV: HEAT magnet spectrometer measurements,” 26th 
 International Cosmic Ray Conference, 1999 
 
24 “Cosmic ray antimatter: The HEAT experiment, scientific ballooning, WIMPs, and you,” Case 

Western Reserve University, Colloquium, 1999 
 
25* “Cosmic-ray radionuclei,” Radioactives in the Galaxy II (Workshop of Gamma-ray Line Astronomy 

in the Galaxy), Ringberg Castle (Max Planck), Tegernsee, Germany, 1999 
 
26 “The cosmic rays: 10 decades in time, 15 decades in energy, and 32 decades in abundance,” 

University of Minnesota, Astrophysics Seminar, 2000 
 
27 “Cosmic rays: History, spectra, and abundance,” University of Alabama at Tuscaloosa, Colloquium, 

2000 
 
28 “Cosmic-ray proton and helium spectra,” American Physical Society, April Meeting, 2000 
 
29 “Cosmic-ray astrophysics,” Penn State University Astronomy Department Open House, 2000 
*** 
30 “50 Joules: The highest energy cosmic rays and the Pierre Auger Observatory,” University of 

Minnesota, School of Physics and Astronomy Colloquium, 2000 
 
31 “Cosmic-ray abundances and the particle-astrophysics/space-physics connection,” University of 

Minnesota Space Physics Seminar, 2000 
 
32 “50 Joules: The highest energy cosmic rays and the Pierre Auger Observatory,” University of 

Connecticut Physics Colloquium, 2000 
 
33 “Cosmic ray physics: Balloons and the Auger Observatory,” Minnesota Astronomical Society 

public lecture, 2000 
 
34 “Pierre Auger Observatory and the highest energy cosmic rays,” Georgia Institute of Technology 

Physics Colloquium, 2000 
 



35* “Cosmic ray source abundances and Wolf-Rayet & supernovae production,” Radioactives in the 
Galaxy III (Workshop of Gamma-ray Line Astronomy in the Galaxy), Ringberg Castle (Max 
Planck), Tegernsee, Germany, 2001 

 
36 “Pierre Auger Observatory and the highest energy cosmic rays,” University of Oregon Physics 

Colloquium, 2001 
 
37* “Acoustic detection of the cosmic radiation,” 2nd Annual Sound & Vibration Conference West, Los 

Angeles, CA, 2001 
 
38 “Cosmic-ray astrophysics,” Northwestern University, Department of Physics Seminar, 2001 
 
39-41 “Cosmic-ray air-shower timing experiment: Prototype ‘Linsley-effect’ detector,” “Splash and 

reentrant electron albedo at 4.2 GV vertical geomagnetic cutoff,” and “Absolute proton and helium 
nuclear spectra from 16 to 250 GV,” 27th International Cosmic Ray Conference, 2001 

 
42 “Pierre Auger Observatory and the highest energy cosmic rays,” University of Minnesota—Duluth 

Physics Colloquium, 2002 
 
43 “Pierre Auger Observatory—First events,” Fermi National Accelerator Lab Seminar, 2002 
 
44* “Research papers in the large physics lecture course,” Teaching Across the Physical Sciences, 

University of Chicago, 2002 
 
45 “Pierre Auger Observatory and the highest energy cosmic rays,” University of Illinois at Chicago 

Physics Colloquium, 2002 
 
46-47 “Hybrid fluorescence and surface detector data in the Pierre Auger Observatory,” and “A novel 

timing detector for cosmic-ray air-shower studies,” SPIE—Astronomical Detectors & Techniques, 
Hawaii, 2002 

 



Research Activities since 1 July 1999 (Most important first) 
 
Pierre Auger Observatory 
 The engineering array (prototype detectors) for the southern hemisphere portion of the Pierre Auger 

Observatory is under construction. I have been active in the field testing and installing electronics, 
performing RFI/EMI measurements, and performing environmental tests of detector subsystems. 
The Central Data Acquisition System (CDAS) and high-level software triggers are the main design 
areas for my work at the moment. At Minnesota we are running detector and air shower simulations, 
and operating a test facility for Auger production electronics and detector components. Data 
analysis of the first events as well as gamma-ray burst triggers and neutrino triggers are being 
performed at Minnesota. I am leading the electronics installation and environmental testing program 
for the experiment. 

MINOS 
 I have been selected as the co-coordinator for the science analysis of cosmic-ray events in the 

MINOS far detector. This is one of two analysis programs which will take advantage of the detector 
which will be available far in advance of the Fermilab beam availability. The detector has one 
unique feature of large underground calorimeters, and that is a magnetic field. This field will allow 
for novel measurements of the muon charge ratio for air-showers near the knee of the cosmic-ray 
spectrum. 

CREAM 
 At Minnesota, I have become a subcontractor for Penn State’s contribution to this balloon 

experiment designed to measure the chemical composition of the cosmic rays up to 10s of TeV (far 
above previous direct measurements). The Minnesota responsibilities include the flight computer 
and data acquisition hardware and software systems, the ground support computer, and flight field 
operations. Construction is underway and a beam calibration of the detector system was conducted 
at CERN during August and September of 2001. Further calibrations will be performed with a 
proton beam (June 2002) and heavy ion beam (September 2002) at CERN. 

HEAT-pbar/HEAT 
 The antiproton version of the HEAT magnet spectrometer was designed and built in part by myself 

while I was at Penn State. The experiment was flown from Fort Sumner, NM in May of 1999 and 
again in May of 2000. A third flight is scheduled for the Spring of 2002. I have led the data analysis 
effort on the atmospheric secondary particles and the second (confirming) pass on the antiproton 
data. An upgrade of the time-of-flight system was designed at Minnesota and was installed in June 
of 2001. Field operations, power systems, cryogenics, and the time-of-flight are principal Minnesota 
hardware responsibilities. I have also been involved with data analysis for the electron and positron 
flights of the HEAT magnet spectrometer. This work is largely finished with the submissions of 
papers on the electron & positron spectra, atmospheric muons & the atmospheric neutrino anomaly, 
air-shower magnetospheric albedo particles, and interpretation of results. A final paper on the 
proton & helium spectra was submitted early in 2002. 

Detector research 
 A new detector concept for observing extensive air showers using only a small number of small 

detectors combined with fast timing electronics is being tested. A paper was presented on this 
approach at the International Cosmic Ray Conference (August 2001) and another will be presented 
at the SPIE Astronomical Telescopes meeting in August 2002. 

Theory 
 Ongoing work on the theory of cosmic-ray acceleration and nucleosynthesis was summarized in an 

invited talk in Germany (May 2001) and in a paper to be submitted (2002). Other work is being 
conducted on simulations of the highest energy cosmic rays and the propagation of antiprotons and 
electrons in the Galaxy. 



Most significant papers (chronological order, *** University of Minnesota) 
 
•  “The elemental composition of the Galactic cosmic ray source: Ulysses high-energy telescope results,” M. A. 

DuVernois and M. R. Thayer. Ap.J., 465, 982 (1996) 
This work represents the current, state-of-the-art, in measurements of the chemical composition of the cosmic-ray 
source. It utilizes a relatively simple propagation scheme to convert high-precision measurements of the cosmic 
rays within the heliosphere into derived source abundances at the cosmic-ray source. Such source determinations 
then allow for a comparison of the cosmic-ray composition with the solar system, various meteoritic, and derived 
nucleosynthethic source abundance patterns. This work has strongly reinforced the view that the cosmic-ray source 
elemental composition must be understood in terms of chemical fractionation during acceleration and has 
strengthened new models (of Ellison, for example) of cosmic-ray acceleration from dust grains as well as the 
interstellar medium. 
 
•  “Galactic cosmic ray manganese: Ulysses HET results,” M. A. DuVernois. Ap.J., 481, 241 (1997) 
One of the two papers derived directly from my Ph.D. thesis, this work details the observations and interpretation 
of the three isotopes of manganese observed in the cosmic rays. Stable 55Mn compared to iron provides a simple, 
but not unique, determination of the amount of matter traversed by the GeV cosmic rays. Electron-capture 53Mn 
allows for a measurement of the time between cosmic-ray nucleosynthesis and acceleration (although the data here 
is insufficient to go beyond just placing a limit), and on the degree to which cosmic rays undergo stochastic 
acceleration during propagation. 54Mn is the truly interesting case—this isotope decays in the lab via electron 
capture, but in the fully-stripped cosmic rays undergoes beta decay at an unmeasured rate. This beta-decay allows 
for a chronometer measurement to be made—how long have the iron-group cosmic rays been propagating through 
the Galaxy and through what average density? This work also stimulated fundamental nuclear physics 
measurements of the laboratory beta decay of 54Mn. 
 
• "Cosmic-ray positrons: Are there primary sources?" S. Coutu et al. (HEAT Collaboration). Astropart. Phys. 

11, 429 (1999) 
Using data from the 1994 and 1995 HEAT balloon flights, a slight excess of positrons above basic Leaky Box 
propagation predictions is noted. This excess is interesting as it is a possible signature of primary positrons emitted 
by an unknown source. Among the models predicting primary positrons near 7-10 GeV are several models of 
WIMP annihilation in the Galactic halo. Additional measurements with a new experiment are underway to verify or 
refute this preliminary finding.  
 
•  “Atmospheric muons,” S. Coutu et al. (HEAT Collaboration). Phys. Rev. D, 62, 032001 (2000)  
 
Air showers in the atmosphere initiated by high-energy cosmic rays generate neutrinos as well as charged particles. 
These neutrinos are the basis of the “atmospheric neutrino anomaly” which has suggested mass-mixing of neutrino 
flavors and therefore neutrino oscillations. A direct test of the models used for atmospheric production of neutrinos 
is possible by examining the muons as a function of atmospheric depth using the accent data from the HEAT 
magnet spectrometer as the muons are produced in numbers proportional to the atmospheric neutrinos. HEAT 
results indicate that some of the modeling work (e.g., TARGET simulations of Gaisser & Stanev) agree quite well 
with observations and imply the continued existence of the atmospheric neutrino anomaly.  
 
*** 
 
•  “Cosmic ray electron and positron spectra from 1 to 100,” M. A. DuVernois et al. (HEAT Collaboration). 

Ap.J, 559, 296. (2001) 
This work is the central science of the HEAT experiment and is an important, high-resolution, measurement of the 
cosmic-ray lepton component. The electrons and positrons, due to their rapid energy-loss mechanisms, sample an 
entirely different regime than the hadrons during their Galactic propagation. This work has shown that a unified 
model of hadronic and leptonic propagation in the Galaxy can fit the observed data. It also rules out most of the 
“exotic” models of primary positrons in the Galaxy other than the models mentioned above (Astropart. Phys. 11, 
429).  
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