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This report covers the period from September 1, 2002 to Alex Wolszczan was on sabbatical leave at the California
August 31, 2003. Institute of Technology and Jet Propulsion Laboratdgsa-
dena CA, and at the Max-Planck-Institut for Radioas-
tronomy (Bonn, Germany

1. PERSONNEL

1.3 Visitors to the Department
1.1 Faculty

Visitors to the department included Dr. Shai Ka&ipom
The regular members of the faculty during the academicre| Aviv University), Dr. Ann HornschemeiefJohns Hop-
year 2002-2003 were Professors Peteskéms (Department  kins University and Dr. Sarah GallaghéMassachusetts In-
Head and Distinguished ProfesgadWilliam Nielsen Brandt,  stitute of Technologyworking with Dr. Niel Brandt; Dr. Ed
Jane Charlton, Robin Ciardullo, Eric Feigelson, GordonMurphy (from the University of Virginia working with Dr.
Garmire (Evan Pugh ProfessprPablo Laguna, Lawrence Chris Palma and Dr. Jane Charlton; Dr. John Feldmeier
Ramsey(Department Head effective July, Mercedes Rich-  (from Case Western Reserve Universityorking with Dr.
ards, John Nousek, Donald Schneider, Peter Uglereri-  Robin Ciardullo; Prof. Chris Mihogfrom Case Western Re-
tus), and Alexander WolszczafEvan Pugh ProfessprAs-  serve University and Dr. Kelly Holley-Bockelmanr(from
sociate Professor Richard Wade; Assistant Professors Tofe University of Massachusextsvorking with Dr. Steinn

Abel, Michael Eracleous, Jian Ge, and Steinn Sigurdssongigurdsson; Mr. Ralf KaehlgZuse Rechenzentrum, Benlin
Senior Scientist/Professor David Burrows; and Senior Scienpr. Naoki Yoshida(Harvard, Center for AstrophysigsDr.
tist George Pavlov. Aaron Sokasian(Harvard College ObservatoryDr. Ken
James Beatty and Lee Samuel Finn, Professors of Physicgomoto (University of Tokyd and Dr. Ari Mahler(Univer-
and Stephane Coutu and Douglas Cowen, Assistant Profesity of Massachusetts, Amhersill working with Dr. Tom
sors of Physics, all hold joint appointments in Astronomy & Apel.
Astrophysics.
Senior Research Associates in the program were George AcADEMIC PROGRAM
Chartas and Leisa Townsley. Research Associates in the pro-
gram were David Alexander, Franz Bauer, Abhijit 2.1 Graduate & Undergraduate Majors

Chakraborty, Margaret Chester, Christopher Churchill, Twenty-five graduate and forty-two undergraduate as-

Patrick Durrell, Audrey Garmire, Konstantin Getman, yonomy majors were enrolled during the academic year
Valdimir Getman, Caryl Gronwall, Joanne Hill, Sally 2002-2003. During that time 13 B.S. degrees and one Ph.D.

Hunsberger, Nina Jansen, Shiho Kobayashi, Koji Mori,gqeqree were awarded in Astronomy & Astrophysics. Doc-
Christopher Palma, Sangwook Park, Soebur Razzaque, Dgs.q recipient was Michael Sipior.

ging Ren, Peter Roming, Emanuele Ripamonti, Divas San-

W_al, Ulrich Spe_rr_lake, Marcus Teter, Cristian Vignali a_nd 2 2 Educational Initiatives

Bing Zhang. Joining the department as Research Associates

were Jan Budajformerly of the Slovak Academy of Science, = Once again, the Department offered summer graduate
Slovakig, Stefan Immler(formerly of Max-Planck-Institut classes for high-school teachers interested in learning more
flr extraterrestrische Physik, Germanyentao Wu(for-  about astronomy and its potential as a medium for physical

merly of the University of AlabamaToru Misawa(formerly ~ science education in secondary schools. The 2003 program
of the National Astronomical Observatory, Japaviasahiro  entitled, Penn State Inservice Workshops in Astronomy

Tsujimoto(formerly of Kyoto University, Japgrand Alexey  (PSIWA), consisted of three 1-week courses: Stars and Plan-
Koptsevitch (formerly of loffe Institute for Physics and ets, Galaxies and Cosmology, and Space Astronomy. All of

Technology, Russja the courses were offered at Penn State’s main campus and
Instructor was Scott Miller. included a variety of classroom, laboratory and computer
Adjunct Associate Professor was Hans Kraus at the Oxactivities. Funding was received from the PA Space Grant

ford University Nuclear and Astrophysics Laboratory. Consortium and NASA. Palma, Feigelson, and Brandt were

the workshop instructors. Numerous department faculty, re-

search associates and graduate students also participated in
1.2 Sabbatical Leaves the programs.

_ Eric Feigelson was on sabbatical leave at the Centre d

Etudes de SaclayParis, Francg Arcetri Observatory(Flo- 2.3 Outreach

rence, Italy, and the University of New South Walé¢aus- The department outreach effort continued to provide

tralian Defence Force Academy campus, Canberra, Austrastimulating and educational programs for the general public
lia). in 2003. Once again the department hosted the Friedman
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Lecture Series, public lectures sponsored by the Ronald and During the last reporting period it was noted that the Me-
Susan Friedman Fund. Dr. Mario Livio of the Space Tele-dium Resolution SpectrogragMRS), the third HET facility
scope Science Institute presented the first lecture on the amstrument for the HET, was installed and had first light. To
celerating universe. Mike Weinstein covered highlights fromdate the so-called direct feed mode has been commissioned
the Hubble Space Telescope in the second lecture. Onand will be available for queue observing in Dec. 2003. This
again this summer, members from the department teamed upstrument is described in Ramsetal. (2003.

with volunteer undergraduate students, Astronomy Club During the past year, the following papers were submitted
members, and community members to produce AstroFest: asing HET data: Fapt al. 2003, Mukherjeet al. 2003, Vig-
program featuring numerous astronomical activities heldhali et al. 2003, and Lopez-Santiags al. 2003.

during the Central Pennsylvania Festival of the Arts. More

than 1,100 people visited the department over the four-day

event. Additional public service programs, e.g., planetariuni.1.2 X-ray

shows, observing with telescopes, and public lectures werg 1 2.1 Overview of the CCD Imaging Spectrometer on
held throughout the year. A complete listing of outreach prochandra The ACIS instrument on board the Chandra

grams offered by the department may be viewed at: X-ray Observatory continues to return excellent data after
http://www.astro.psu.edu/outreach/outreach.html. four years in orbit. During the past year a number of inter-
esting observations were made by the ACIS team at Penn
2.4 Astronomy Club State ranging from young stars, supernova remnants, neutron

stars, black holes, clusters of galaxies and very distant AGN.
The Astronomy Club continued to conduct monthly pub-pyring the year members of the ACIS team participated with
lic observing sessions, uninterruptedly since 1973. TheSgye Chandra X-ray Center in discussions of how to remove
Open Houses attract hundreds of visitors to the roof ofne material that has been slowly accumulating on the ACIS
Davey Laboratory to view selected celestial objects throughjiter. A possible bake out of the ACIS camera is being con-
various telescopes. Members also participated in outreactjdered as a means to drive off the contaminant. A. and G.
programs, some of which made use of the department’s plansarmire continue to work on the young stellar content of the
etarium. Club officers are: Co-Presidents: Christeallia Amo'cometary dark cloud in Corona Australis and the central
rosi and Brandon Aldinger, Treasurer: Peter Greene, Secregompact object in the supernova remnant RCW103. Other
tary: Brian Lacki. Eracleous is the Club’s faculty advisor. members of the ACIS team provide descriptions of their
work under their sections.

3. RESEARCH ACTIVITIES 3.1.2.2. Software Development for ACI8roos has devel-
oped a new software package for the automated extraction
3.1 Instrumentation and fitting of point source spectra from ACIS imaging data,

i calledacis_extract It generates lightcurves, photometry, di-
3.1.1 Optical agnostic plots, and other products. Multiple observations of a
3.1.1.1 The Hobby-Eberly Telescopg&he HET has com- target are handle@veighted ARFs, RMPs ARFs are low-
pleted its fourth year of early operations. Again this last yearered by the computed PSF fractitas a function of energy
about 2/3 of HET time was scheduled for science observato improve flux estimates. PSF-correlation and data centroid
tions in the queue mode. The remainder of the time wagositions are calculated for each source and can be used to
taken up by instrument commissioning and telescope engimprove source positions. Maximum Likelihood reconstruc-
neering and facility improvements. The facility instrumentstion of each source neighborhood allows the user to search
in service this period remain the Low Resolution Spec-for close pairs or groups of sources. Wide-band photometry
trograph (LRS) and the High Resolution Spectrograph is performed and hardness ratios are computed. Automated
(HRS). The average shutter open on sky efficiency of thespectral fitting is performed using the composite source spec-
HET during science operations remains about 45%, but th&a, background spectra, RMFs, and ARFs. Getman has de-
program completion rate increased to 80% of the two highesteloped utilities for choosing the best spectral fit and for
rated priority bands. Data were delivered to all five collabo-generating LaTeX tables of photometry and fit parameters.
rating institutions: UT Austin, Penn State University, Stan-He has also provided sample XSPEC model scripts. Broos
ford University, Georg August Universitaet Goettingen, Lud-and Townsley have written an extensive users’ manual. The
wig Maximilians Universitaet Muenchen, and to the US package was released to community in February 2003
national community through NOAO. The Pennsylvania Statéhttp://www.astro.psu.edu/xray/docs/TARA/ ae_users_guide-
University accounted for roughly 27% of the time. .html) and a poster describing it was presented at the March

The HET continues to benefit from engineering and op-2003 HEAD meeting.

erational upgrades. At the very end of this reporting period Townsley and Broos continue to support their public
the HET achieved its image quality goal during engineeringMonte Carlo algorithm to model and predict the response of
delivering 0.88 arc second images in about 0.6 arc second-ray CCDs to photons and minimally-ionizing particles
seeing(FWHM). All critical problems that relate to delivered (Townsleyet al. 2002a. They also continue to support their
image quality have been identified and engineering solutionpublic code to correct for charge transfer inefficieri&Gf1)
are in progress. We fully expect to be seeing limited in nor-in ACIS CCDs(Townsleyet al. 2001h. The CCD simulator
mal operation in a matter of months. code was used to generate response matrices necessary for
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ACIS spectral fitting of CTI-corrected data. The simulator protoplanetary disks can often be long-lived. The census of
and CTI corrector code are available to the entire X-ray as# Cha members is now nearly complete. The higher mass
tronomy  community (http://www.astro.psu.edu/users/ members clearly congregate in the cluster core; this mass
townsley/cti}; a similar CTI corrector has been implemented segregation must be innate to the star forming process is
(for frontside-illuminated CCDs on)yby the Chandra Sci- present. Feigelson also lead a Chandra study of the immedi-
ence Center in their CIAO software package. ate vicinity of the 3-5 Myr-old starse Cha and HD 104237.
The latter, a well-known intermediate-mass Herbig AeBe
star, is found to have at least 4 stellar companions within
3.1.3.1 The Swift Gamma Ray Burst Explordtenn State 1500 AU. This is the highest multiplicity pre-main sequence
supplied instrumentgthe X-Ray Telescope and UV-Optical system known, and requires a quiescent dynamical environ-
Telescopg have been successfully integrated and testeghent to have survived.
aboard the Swift Gamma-ray Burst Explorer satellite. The Feigelson served as a collaborator in several other Chan-
Swift Mission Operations Center has completed developyra studies of X-ray emission and magnetic activity in young
ment and is ready to begin its State College-based operatioRgars. These include elucidation of X-rays from the base of
control when Swift is launcheprojected May 2004 Swift  he Herbig-Haro outflow from a protostad. Bally, lead,
is expected to discover, accurately position and retrieve da@escription of a remarkably powerful and slow X-ray flare in
from optical, X-ray and gamma-ray emission of bursts and; \yeak-lined T Tauri statN. Grosso, leay discovery of
afterglows in unpr_ecedented numbers. Working with_ th_ex-rays from an older pre-main sequence brown dwf
Goddard Space Flight Center team, the Penn State Missiofisypoi, lead, and a new determination of the interstellar
Operations Center will be the focus of world-wide atte”t'ongas-to-dust ratio from X-ray absorption of embedded young
in a new era of burst science. stars(M. Vuong, lead. Feigelson presented various stellar
Chandra results at workshopgagnetism and activity of the
3.2 Observational Research Sun and StargToulouse FR and Mineralogie du systeme
solaire (Lille FR), at the IAU Symposium 21Stars as Suns
(Sydney AU, and in talks at a number of institutions in
3.2.1.1 Planetary SystemsKonacki (Caltech and Wolszc- Europe and Australia.
zan(PSU have measured masses and orbital inclinations of Townsley, Feigelson, Broos, Garmire, and colleagues
the two terrestrial-mass planets around the pulsar PSBompleted a large paper on diffuse X-ray emission in the
B1257+12. The planets are about 4 times the mass of théigh-mass star-forming regions M 17 and the Rosette Nebula
Earth and their orbits are approximately coplanar suggestingrownsleyet al. 2003; also see the Chandra Science Center
a disk origin of the system. This result is the first preciseimage release on M 17, http://chandra.harvard.edu/photo/
mass measurement for low-mass planets beyond the solgap03/m17/, and the press release on the Rosette Nebula,
system. http://chandra.harvard.edu/photo/cycle1/2237he Chandra

3.2.1.2 Star Formation Feigelson continued his Chandra observation of M 17 described here complements the
imaging studies of the rich young stellar cluster in the OrionROSAT observation of this fielDunneet al. 2003, show-
Nebula. The principal result published this year is that thend that soft diffuse X-ray emission fills this blister H II
magnetic activity of pre-main sequence stars, using X-rayegion and may be flowing through its blown-out edge into
luminosity as the activity tracer, does not depend on stellafhe ISM. This hot plasma is probably generated by the winds
rotation as it does in main sequence stars. Instead, activity {#§0m the OB cluster powering the H Il region. The discovery
broadly linked to a combination of stellar mass, bolometricof this diffuse plasma, after 30 years of theoretical work
luminosity, and surface area. These relationships have n&howing that it should exist, was only possible because of the
been predicted and are not understood. One possibility is th&igh spatial resolution of the Chandra X-ray Observatory;
magnetic fields in the pre-main sequence phase are not getis allowed us to resolve the diffuse plasma from th@00
erated by the rotation-dependent differential rotation of thestellar sources in the cluster.
a— ) dynamo operating in main sequence stars, but rather Townsley, Feigelson, Broos, Garmire, Getman, and col-
by a turbulent dynamo distributed throughout the deep conleagues obtained the first high-spatial-resolution X-ray im-
vection zone. ages and spectra of RCW 49, a bright southern H Il region
Feigelson now leads an international consortium that igowered by the dense stellar cluster Westerlund 2, in a 36-
expanding the X-ray study of the Orion Nebula. The Chanksec observation with the Advanced CCD Imaging Spec-
dra Orion Ultradeep Proje¢€OUP) subjected the region for trometer(ACIS) aboard the Chandra X-ray Observatory in
10 days of nearly continuous exposure, giving unprecedentefiugust 2003. This rich high-mass star-forming region re-
long and high-signal light curves of more than 1600 magnetiveals a complex mix of point source and diffuse X-ray emis-
cally active stars. Data analysis is underway and science reion. The cluster is resolved at the arcsecond level into hun-
sults should emerge in 2004-05. dreds of sources. Diffuse X-ray emission with at least three
Feigelson works with Lawson and graduate student Lydhermal plasma componen&.1, 0.8, and>3 keV) pervades
(UNSW@ADFA) in the study of sparse clusters of X-ray the H Il region and is resolved from the point source popu-
discovered older T Tauri starSHKL observations of the lation. This extended emission is most likely from the fast
ROSATdiscovered 9 Myr-oldn Cha cluster showed that O-star winds that thermalize and shock the surrounding me-
2/3 of these stars show dnrband excess, indicating that dia; similar plasmas have been seen in other high-mass star-

3.1.3 Multiple Wavelength Missions

3.2.1 Planetary & Stellar Astronomy
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forming regions, but RCW 49 is the first region to show all near-IRJ, H, andKg magnitudes for more than 800 hot sub-
three components. As such, it serves as a very usefuwarfs (sdO and sdB staydrawn from the “Catalogue of
“bridge” target, linking their observations of nearby regions Spectroscopically Identified Hot Subdwarfs” of Kilkenny
such as M 17 and Rosette with other studies of more distangt al. This sample size greatly exceeds that of previous stud-
massive complexes such as NGC 3603, W 51, and this of hot subdwarfs. From 2MASS photometry alone or in
Arches Cluster. combination with visual photometry(Johnson BV or
Stramgrenuvby) available in the literature, it is possible to
identify hot subdwarf stars that exhibit atypically red IR col-
rs, which can be attributed to the presence of an unresolved
te-type companion. Using this large sample, it was possible
to define for the first time an approximately volume-limited
sample of hot subdwarfs. The considerations, biases, and dif-
ficulties in defining such a sample were discussed. They find

3.2.1.3 Cataclysmic Variables An extensive grid of syn-
thetic mid- and far-ultraviolet spectra for accretion disks in
cataclysmic variables has been presented by Wade
Hubeny. In those models, the disk was assumed to be i
steady state; that isTex(r) is specified completely by the
massM,p and radiuRy,p of the accreting white dwarf star

and the mass transfer raké, which is constant throughout Cle ;
. ' that, of the hot subdwarfs in Kilkennst al., about 40% in a
the disk. In those modeld,q(r)ocr —34 et °

b ff he white d f,AexceTLgskmomﬂed magnitude-limited sample have colors that are consistent
y a cutolt term near the white dwart. Actual disks may vary, iy, e presence of an unresolved late-type companion. Bi-

from the steady state prescription fdg(r), however, as a nary stars are over-represented in a magnitude-limited

result of, for example, outburst cycles in dwarf nova& 1ot sample. In an approximately volume-limited sample the frac-
constant with radiusor irradiation(in which caseTeq in the  tion of composite-color binaries is about 25%.

outer disk is raised aboVeseaq). TO show how the spectra  \yade and Stark considered whether the hypothesis that
of such disks might differ from the steady case, J. A. Orosz|| (or mos} hot subdwarf stars are in close binaries” is
(San Diego State Uniyand Wade carried out a study of the sypported by the frequently reported observations of photo-
ultraviolet spectra of models in which power-law tempera-metrically or spectroscopically composite character of many
ture profilesTeu(r)ocr™” with y<3/4 are specified. Other- hot sybdwarfs. As a possible counter-argument, they drew
wise, the construction of the models is the same as in thgttention to resolved companiofisptical pair$ of hot sub-
Wade & Hubeny grid, to allow comparison. Both the UV gwarf stars. On a statistical basis, many of these are physi-
spectral energy distributions and the appearance of the U¥a|ly associated with the hot subdwarfs, i.e., are common
line spectra were considered, and a brief discussion of the ”}ﬂoper motion pairs. These resolved pairs make a several
eclipse light curves of the nonstandard models was giverpercent contribution to the catalog of hot subdwarf stars per
Comparison of these models with UV observations of novagecade in projected separation. If they are just the relatively
like variables suggests that better agreement may be possibjgde members of a binary population similar to the local
with such modifiedTen(r) profiles. G-dwarf binary population, which has a very wide distribu-
AM CVn is an ultra-short-period Helium cataclysmic tion of orbital separations, then many of the unresolved but
variable. An interesting question is whether the accretiorcomposite hot subdwarf binaries may not be “close” in the
disk or the accreting white dwarf dominates the UV spec-astrophysical sense. In that case, binary channels for hot sub-

trum from this object. Wade and Eracleous obtained HSTgwarf formation may be less important than thought, or must
STIS observations of the UV spectrum of AM CVn on 2002 jnyolve companiongwhite dwarf$ that do not result in a

Feb 21, using the NUV MAMA with grating G230L to ob- Composite spectrum system.
tain 1925 s of time-tagged data covering 1600-3150 A, an
using the FUV MAMA with grating G140L to obtain 2400 s
of time-tagged data covering 1140-1710 A. Thus, complet

orbital coverage of the binary star was obtained, but not cov- lovak astronomical journdin Slovak.
erage of the 13.4 h precessional period of the eccentric disk, Budaj and Jozef Drgégraduate student, Faculty of Math-

The mean spectrum is approximately flatfin. The absorp- €matics, Physics and Informatics of the Commenius Univer-
tion profiles of the resonance lines of N V, Si IV, C IV, and sity, Bratislava, Slovakjaare studying the evolutionary sta-

: . . : . tus of Ap binaries by constructing the HR diagram of a
NIV are blue-shlfte.d, ewdencmg a wind that IS partly oc- sample Ap and comparison normal binaries. Ap binaries
cul_ted by the accretion disk. There is v_veak emission at NV eem to be slightly older than the normal binaries but do not
Wh|ch also showg the deepest absorption. The He Il 1640 ’%iffer from the single Ap star in this respect.
Img is asymmetnc. Numerou§ weaker spectrallfeat.ures 0 Budaj and Marian Fenovcilgraduate student; University
various widths are found. Shafimterstellay absorption lines

| The liah h both sh i of Pavol Jozef Safarik, Kosice, Slovakiare working on the
are aiso seen. he lig tcur\{e shows both short—term fluCe 0 ation of synthetic spectra and the subsequent abun-
tuations and a long-term decline by about 15% over the spa|

 the ob . h distributi ilb Hance analysis of six Am binaries.
of the observations. The UV energy distribution will be com- Budaj and llian lliev (National Astronomical Observa-

bined with data from other wavelengths to study the contriy,, ‘g garia suggested that the tidally induced meridional
bution of the stellar components and the accretion disk iniejjation of Tassoul & Tassoul might successfully compete
this system. with the diffusion processes and rotationally induced meridi-
3.2.1.4 Hot Subdwarf Stars Stark and Wade, along with G. onal circulation in chemically peculiar stars. They have be-
B. Berriman(IPAC), used the Two Micron All Sky Survey gun a systematic abundance analysis of a sample of Am bi-
(2MASS) All-Sky Data Release Catalog to retrieve useful naries to search for possible observable abundance anomalies

%.2.1.5 Chemically Peculiar Stars Budaj wrote a review
aper on Chemically Peculiar Stars f§iozmos a popular
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driven by tidal interaction in these systems. The first threeNousek have acquired spatially-resolved spectral analysis of
stars, HD 33254, HD 178449, HD 198391 have already been Galactic oxygen-rich SNR G292:@..8 which has revealed
analyzed. the detailed explosive nucleosynthesis products and sites
Budaj with collaborators from Bulgaria and Slovakia from the massive progenitor stéPark et al. 20039. Their

(lliev, Barzova, Ziznovsky, Zverko, Statevdetermined the Chandra/ACIS observation of G292:0.8 has resolved the
mass ratio of two double-lined spectroscopic biné®B2 SN ejecta material and the asymmetric CSM down to
Systems: HD 108642 and HD 434. ~arcsec angular scale. Their spectral analysis of these ejecta
3.2.1.6 Multiwavelength and Multi-epoch ObservatidRis knots over the SNR suggested that the ejecta material in this
chards has collected new time domain observations of AlgoPNR is dominated by low-Z elemental species of oxygen,
binaries with the Hobby-Eberly Telescope high resolutionn€0n, and magnesium which have originated from the outer
spectrograph during the Fall 2002 and Spring 2003 semed@yers of the “unprocessed(i.e., the hydrostatic He-
ters. She obtained 16 spectra of S Equ within two month®Urning carbon-core. They found no evidence for the nu-
and 25 spectra of AU Mon within 6 weeks. These spectrsfl€osynthesis products of the explosive Ne-, O- or Si-burning
will be used to produce new multiwavelength Doppler im- Process from the deep interior of the progenitor. This is con-
ages of these systems at wavelengths from 4800 A to 670@ast to the case for another Galactic O-rich SNR Cassiopeia

] A, where ejecta material dominated by high-Z elemé€Bis

Richards, Budaj, and llian llie¢National Astronomical S, and Fgwas found. The absence of high-Z elements indi-

Observatory, Bulgarlahave begun a campaign to collect cates that, unlike Cas A, the turn-over of the ejecta material
spectra of several active Algols like U CrB, and U Sge overvas not effective in G292:01.8 and that the reverse shock
repeated epochs. This campaign that will provide spectra thd2S not reached the heavy elements near the center of the
can be used to make multi-epoch Doppler tomograms of th&NR. They also found a significant pressure difference be-
Ha and He | gas flows over a 3- or 4-month period. Thefween the CSM and the pulsar wind neb(RaVN) from the

campaign began in September 2003 and is in progress. associated pulsar. This non-equilibrium pressure strongly
supports their interpretation for the non-detection of heavy

elements in terms of the unshocked heavy element ejecta in
the center of the SNR.

3.2.1.7 Doppler TomographRichards was Chair of the Sci-
entific Organizing Committee for IAU Joint Discussion No.

9 on “Astrotomography,” that was held at the IAU General ch : ! :
; . andra/ACIS observations of SNRs in the Magellanic
Assembly XXV, in Sydney, Australia, July 17 - 21, 2003, Clouds by Park, Burrows, Garmire, and Nousek have re-

beeRr;CZ'?Jgsinanij/a:\i/loltr;dteizgilkal(gr?dqate tst;dehtlha\;e _vealed the presence of magnesium- and oxygen-rich ejecta in
ying variot ques 1o Invert Doppier 1oMogyps N49B and 010372.6, respectively(Park et al.
grams of Algol- binaries to pro.duce.(.:art.esmn images of th(:2003d,e. These SNRs are relatively ola{ 10* yr) and thus
multiple accretions structures identified in these systems. the detection of metal-rich ejecta from these objects is re-
3.2.1.8 Radio Flares from RS CVn and Algol BinariRish-  markable. SNR 010372.6 marks only the second member
ards and Michael Rogefsindergraduate studerdre study-  of the class of O-rich SNRs in the Small Magellanic Cloud
ing the right and left circular polarized radio flare data from (SMC) and the oldest exampler{ 18000 yj of all known
several binary systems. They are using the 2.3 G¥and  O-rich SNRs. The Mg-rich ejecta material discovered in
and 8.3 GHz(X band radio flare data collected with the N49B apparently is not accompanied by O- and Ne-rich ma-
NRAO-Green Bank Interferometer nearly continuously oveterial. This is mysterious because standard SN nucleosynthe-
2096 dayg5.7 yearg Flares on two RS CVn binarié¥711  sis models predict a significant production of O and Ne ma-
Tau and UX Ar) and two Algol-type binaries/ Per andd  terial together with Mg. With the Chandra/ACIS observation
Lib) are being analyzed. This study will focus on the statis-of a Large Magellanic CloudLMC) SNR N49, they have
tical properties of the circular polarized data. also discovered a “bullet” of the ejecta material expelled
3.2.1.9 Supernova Remnariark, Burrows, and Garmire from the progenitor stagParket al. 2003f. The blast wave
have been monitoring SNR 1987A with the Chandra/ACIS shock from N49 is interacting with dense, clumpy molecular
twice a year separated roughly by 6 months. As of July 2008louds, and they found good evidence for multiple-phase
they have performed a total of eight Chandra/ACIS observashock structure, with three characteristic electron tempera-
tions of SNR 1987A. The latest results include the detectioures, due to the shock-cloud interaction. They also unam-
of emergence of new X-ray bright spots in both eastern an#iguously detect the associated point-like source which is
the western side of the SNR, non-linearly brightening of themost likely the X-ray counterpart of the softray repeater
soft X-ray flux, radial expansion of the SNR with a blast (SGR 0526-66 in a quiescent phase. They confirm a very
wave shock velocity of~-5000 km s, and spectral soften- soft power law spectrum from this SGR. Mori, Burrows,
ing due to the interaction between the blast wave and thélester (Arizona Statg¢ and collaborators have performed
dense circumstellar mediufCSM) (Park et al. 2003a,b. monitoring observations of the Crab Nebula with tBkean-
The X-ray ring of SNR 1987A is now nearly complete, anddra X-ray observatory anddubble space telescope for five
they expect a dramatic brightening of the SNR as the blasnonths. The Crab nebula is the prototypical pulsar wind
wave is sweeping through the main body of the dense innemebula(PWN), which is powered by the spin-down energy
ring. Their monitoring observations in coming years shouldof the pulsar. It has long been known that the inner region of
be able to detect this exciting event of the “birth” of a the Crab Nebula is dynamically variable, but the origin of the
supernova remnant. sloppypar Park, Burrows, Garmire andariation was unresolved mainly due to the lack of spatial
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and temporal resolution. The monitoring observations usingvind nebula(PWN), Pavlov, Teter, Kargaltsev, and Sanwal
two great observatories for the first time identified the origindiscovered a dim, curved outer jet that extends up- &0’
of the variations with the variable inner ring and wispsalong the direction of the pulsar's proper motion. The jet
emerging from it. This work observationally confirmed that shows strong variability, changing its shape and brightness.
these dynamical features were associated with the termin@right blobs move along the jet with apparent speeds (0.3
tion shock of the pulsar wind and its downstream flow, —0.6)c and fade on timescales of days to weeks. The spec-
which were only theoretically discussed so far. trum of the outer jet fits a power-law model with a photon
Mori, Burrows, Pavlov, and collaborators have newly dis-index I'=1.3+0.1. The apparent average luminosity of the
covered long-term(years morphological variations of the outer jet in the 1-8 keV band is»310*° ergs s, compared
Crab Nebula in addition to previously known short-termto 6x 10°? from the whole PWN. The X-ray emission of the
(days to months variations. The long-term variations are outer jet can be interpreted as synchrotron radiation of ul-
clearly recognized at the torus and the southern jet. The disrarelativistic electrons/positrons. This interpretation allows
placements of these variations are as large as a few arcsaesne to estimate the magnetic field;100 ©G, maximum
onds so that onlghandra with its superb spatial resolution, energy of X-ray-emitting electrons;y 2x 10" eV, and en-
can resolve them. Througlhandra observations over 3 ergy injection rater~8x 10*3ergs s *. In the summed PWN
years, the torus appears to have been expanding until theage, a faint, strongly bent, extension of the outer jet is
midpoint of this period, but to have shrunk in the latest ob-seen. This bending could be caused by combined action of a
servation. Considering the fact that the angular extent of thevind within the supernova remnant, with a velocity of a few
torus (radius ~ 50”) is almost constant over 25 years, the x 10 km s, along with the ram pressure due to the pulsar’s
torus may repeat expansions and contractions with an amplproper motion. The more extreme bends closer to the pulsar,
tude of a few arcseconds and a time scale of about a decadss well as the apparent side motions of the outer jet, can be
The southern jet shows the growth of its overall kinkedassociated with kink instabilities of a magnetically confined,
structure. The similarity of the jet variability to that of Vela, pinched jet flow. Another feature found in the summed im-
another famous variable PWN, suggests that a commoage is a dim~2’ long outer counterjet, which also shows a
mechanism like MHD instability is responsible for the vari- power-law spectrum with"=1.2—1.5. Southwest of the jet/
ability of the Crab and Vela jet. counterjet(i.e., approximately perpendicular to the direction
Mori, Tsunemi(Osaka, Burrows, Garmire, and collabo- of pulsar's proper motion an extended region of diffuse
rators have observed Titan’s transit of the Crab Nebula on &mission is seen. Relativistic particles responsible for this
January 2003 witlChandra Titan is Saturn’s largest satellite radiation are apparently supplied by the outer jet.
and the only satellite in the solar system with a thick atmo- Mignani (ESO, De Luca (Milan), Kargaltsev, Pavlov,
sphere, whose pressure near the surface is about 1.5 timgaggia (Trieste¢ Caraveo(Milan), and BeckerfMPE) ana-
greater than that of the Earth at sea level. Although the Salyzed deep optical images of the Vela pulsar wind nebula
urnian system has a conjunction with the Crab Nebula everyp\WN) observed with HST, NTT and VLT, in various bands,
30 years, it transits the Crab Nebula only about once in sevand compared the optical images with those obtained with
eral hundred years because of an average offset of a fewe ChandraACIS. Although some features are seen in the
degrees, making its occurrence in 2003 a “once-in-apptical images, no correlation with the X-ray structure was
lifetime” event. An “occultation shadow”, which was made found. Therefore, the diffuse optical emission is more likely
by Titan blocking the X-rays from the Crab Nebula, hasassociated with filaments in the host Vela supernova rem-
clearly been detected and is found to be larger than the diant. The derived upper limits on the optical flux from the
ameter of Titan's solid surface. The difference gives a thickp\wN are compatible with the values expected on the basis of
ness for Titan's atmosphere of 882 64 km. This value is  the extrapolations of the X-ray data.
slightly larger than those estimated from earlier Voyager ob-  Becker (MPE), Swartz (MSFC), and Pavlov, with their
servations, suggesting the possibility of temporal variation incg-authors from MSFC, MIT, and ESO, observed the globu-
the atmospheric thickness. lar cluster M28 with theChandraX-ray Observatory. They
3.2.10 Neutron Stars and Pulsakéignani (ESO, Manches- showed that the apparently extended X-ray core emission
ter (ATNF), and Pavlov presented the results of deep opticapeen with theROSATHRI is due to the superposition of
observations of the old100 Myr), nearby, isolated pulsar multiple discrete sources, for which the X-ray luminosity
J0108-1431 with the ESO Very Large Telescope. Observaiunction is determined down to a limit of aboux@.0% ergs
tions with the Australia Telescope Compact Array weres *. The phase-averaged X-ray spectrum of the 3.05 ms pul-
made to determine an accurate position for the radio pulsar &ar B1821-24 is best described by a power law with photon
the current epoch. The imaging data reveal no counterpart #tdex I'=1.2. Marginal evidence of an emission line cen-
the revised radio position down to =28, B=28.6, and tered at 3.3 keV in the pulsar spectrum is found, which could
U=26.4. For a distance of 130 pc, estimated from the pulbe interpreted as cyclotron emission from a corona above the
sar’s dispersion measure, the constraints on the optical flugulsar's polar cap if the magnetic field is strongly different
put an upper limit off=4.5x 10* K for the surface tempera- from a centered dipole. Spectral analyses of the five brightest
ture of the neutron star, assuming a stellar rafesl3 km.  unidentified sources is presented. The brightest of these
An upper limit on the pulsar proper motion of 82 mas¥r sources is interpreted as a transiently accreting neutron star
implies a transverse velocity 6£50 km s'*. in a low-mass X-ray binary, in quiescence. Fitting its spec-
From a series of deep observations of the Vela pulsarum with a hydrogen neutron star atmosphere model yields



PENNSYLVANIA STATE UNIVESITY 7

the effective temperatur@.s=90"3) eV and the radius Their best-fit solution suggests that the M33's vertical veloc-
Rns= 14.5f2‘2 km. ity dispersion decreases exponentially with a scale length

Rutledge(CalTech, Bildsten(UCSB), Brown (Univ. Chi-  that is more than two times larger than the scale length of the
cago, Pavlov, and ZavlifMPE) observed the type | X-ray- galaxy’s infraredK-band luminosity. Coupled with the iso-
bursting low-mass X-ray binary KS 1731-260 in quiescencethermal disk approximation, these observations imply that
following a 13 yr long outburst which ended in 2001 Febru-the V-band mass-to-light ratio of M33’s disk ranges from
ary. They show that the emission area radius for a H atmoM/L,~0.5 in the galaxy’s inner regions thbl/L,~2.4 at
sphere spectrum is consistent with that observed from other 10 kpc. The data also show that the “maximal disk” as-
quiescent neutron star transienl®= 23f§g(d/8 kpc) km.  sumption for spiral galaxy rotation curves is reasonable, at
Unlike all other known transient neutron stars, the duratiorleast in the inner regions of galaxies. sloppypar
of this recent(and the only observedutburst is as long as 3 2 2 3 |ntracluster Stellar Populatior@iardullo, Feldmeier
the thermal diffusion time of the crust. The large amount Of(CWRU), Jacoby(WIYN), and Durrell have continued their
heat deposited by reactions in the crust will have heated thg,ge scale surveys for planetary nebulae and red giant stars
crust to temperatures much higher than the. equ_|I|br|um COre, the intergalactic space of nearby groups and clusters. To
temperature. As a result, the thermal_ luminosity currentlydate, theifO 111] \5007 surveys for planetary nebulae cover
observed from the neutron star is dominated not by the corg g7 ded in Virgo, 0.56 deg in Fornax, 1.08 degin the
but by the crust. Simulations of the evolution of the quies-y,a¢ Group, and 0.13 dégn a blank control field. in Virgo
cent light curve for different scenarios of the crust micro- 4 the M81 Group, their complementary red giant star sur-
physics dpmqnstrate that monitpring observatiqwish cur- veys cover 10.7 arcr’n?rand 0.3 de§) respectively. The data
rently flying instruments spanning from 1 to 30 yr can from these surveys suggest that intracluster stars are moder-

measure the crust cooling timescale and the total amount %{ :
. . . ately old (2 Gyx7<12 Gyn, moderately metal-rich
heat stored in the crust. This makes KS 1731-260 a umqutz_ 0y8<[Fe(/H]<y—(§ 2) noty(r:)entrally cond%ansed and not

laboratory for studying the thermal properties of the crust bydynamically relaxed. The data also show that intracluster

monitoring the luminosity over the next few years to de'stars in the M81 Group are rafenly a couple percent of the
cades. stars are intraclustgrbut in systems such as Fornax and

Virgo, these objects comprise between 10% and 20% of the
3.2.2 Extragalactic Astronomy cluster.

Durrell, DeCesar (PSU undergraduate Ciardullo,
Hurley-Keller (CWRU), and FeldmeieCWRU) have un-
dertaken a deep wide-fieNd! survey of the M81 group of
galaxies(using the CFH12K camera on the Canada-France-
Hawaii Telescopein order to search for stars that may lie

. between the primary galaxies. Preliminary results from the 2
PNe, they demonstrated that the bright end of the the galts)cience fields show that there are few RGB stars in a field

axy’s [O 1lI] A5007 planetary nebula luminosity function located 50-80 kpc from M81: the intragroup fraction is

(PNLF) has the same sharp cutoff seen in other galaxies. . 0 ; L
From the apparent magnitude of this cutoff, they derive asmall, comprising<2% of the total galactic luminosity. In
+0.07 addition to the red stars, clumps of blue stars have also been

gf:;crffe ?fgaggﬁ,o?ﬁdg'ujltﬁm‘ﬁ" tms:\f;fllusggf(l)’ Jor;aa discovered within the HI tidal arm between M81 and NGC
950,05 VIPC. 9 ' 9 3077. Color-magnitude diagrams of two of these clumps

larger than the Cepheid distance, the discrepancy III(el)%how that these blue stars have formed as recently as 30-70

arises from differing assumptions about the system’s intern i or lond after the most recent interactions that formed
extinction. Their photometry also reveals that the faint—enq\/Iy ’ 9 .
he HI streamers. Both objects arel kpc across and con-

of M33’s PN luminosity function is non-monotonic, with an . . )
inflection point~2 mag below the PNLF’s bright limit. This sidered tidal dwarf candidates.
feature is probably due to the galaxy’s large population 0f3.2.2.4 Stellar Population®urrell, Harris (McMastey and
high core-mass planetaries. Pritchet(U. Victoria) have nearly completed theifl survey

of the RGB stars in the outer halo of M31 using the 8K

3.2.2.2 Galaxy KinematicSiardullo, Durrell, Laychak, Her- . .
rmann, Moody, JacobyWIYN), and FeldmeiefCWRU) mosaic camera at the Canada-France-Hawaii Telescope. The
’ ’ : I, (V—1) color-magnitude diagram of a halo field located 30

have completed a radial velocity survey of 140 PNe in the e
disk of M33. They have, for the first time, measured thekpc frqm the M3l nucleus showg that the halo_ populathn n
velocity ellipsoid of a galactic disk throughout the body ofathIS dlst_ar!t f|_e|d has a m_etaII|C|ty d|s_tr|but|on fL_mct|on
galaxy. They show that M33's line-of-sight velocity disper- (MDF) S|m||§r in fgrm (a dominant metal-rich pOpUIat'm[,)
sion varies little over~4 optical disk scale lengths, and that found in a field located at 20 kpc. Durrell andt€o

demonstrate that this apparent constancy is due to a comgixutgers are currently working on a Keck photometfid
nation of factors, including a decline in the disk’s radial ve- study of 3 fields '_n the oute'r halo of M?fl to investigate the
locity dispersion at galactocentric radii less tham kpc, MDF of the red-giant stars in these regions.

and a gradient in the ratio of the vertical to radial velocity 3.2.2.5 Dwarf Galaxie$?alma, Hunsberger, Charlton, Dur-
dispersion. They then use their data to derive the dynamicakll, and Gallaghefnow at UCLA) have cataloged the can-
scale length of M33’s disk, and the disk’s mass-to-light ratio.didate dwarf galaxies in Hickson Compact Group 92,

3.2.2.1 Extragalactic Planetary Nebuld@&ardullo, Durrell,
Laychak (PSU undergraduate Herrmann, Moody(PSU
graduate studentsJacoby(WIYN), and FeldmeiefCWRU)
have completed afO 11I] 5007 photometric survey of the
planetary nebulaéPNe of M33. By using a sample of 152
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Stephan’s Quintet, using their it Hubble Space Telescopability of the energies and widths of the X-ray BALs in PG
images of the group. Among this sample, they find that sev4115+080 and APM 082795255 over timescales of 19 and
eral of the bluest star forming regions are aligned with anl.8 weeks(proper-time, respectively. The BAL variability
Hsc | tidal tail that has no optical counterpart. Depending orin APM 082795255 supports their earlier conclusion that
the fate and nature of these objects, a tidal origin of dwarthese absorbers are most likely launched at relatively small
galaxies may be more common than if only optical tails wereradii of < <10'%(Mpgp/Mg)¥? cm.
responsible. Chartas in collaboration with Dai, Eracleous, and Garmire
Knierman(a PSU undergraduate student now at Arizpna reported results from a mini-survey of relatively high red-
Charlton, Hunsberger, Gallagher, and collaborators pubshift (1.7 <z< 4) gravitationally lensed radio-quiet quasars
lished results on the formation of star clusters in tidal debrispbserved with theChandra X-ray ObservatoryThe magni-
They searched HST/WFPC?2 images of four colliding galaxyfication effect allows a search for changes in quasar proper-
pairs and found many blue clusters in the western tail ofies such as the accretion process over three orders of mag-
NGC 3256, and varying numbers in other regions. They infitude in intrinsic X-ray luminosity, a search for evolution of
dicated that it is not obvious what factofs.g. H | mass, X-ray variability, and extends the study of quasar properties
dynamical agginfluence the formation of clusters, but sug- to unlensed X-ray flux levels as low as a few10 ' erg

gested that large tidal dwarf formation may require differents * cm™2. They presented a comparison between the X-ray
conditions. properties of quasars at redshifts near the peak of their co-

3.2.2.6 Sloan Digital Sky Surv8chneider, Brandt, postdoc- moving number density, thought o have_occurredﬁ_at2,
. . . ; and those before and after this era. This comparison may
toral scholar Richardgnow at Princeton Universijy and

. . rovide clues to what caused the dramatic decay of the qua-
undergraduates Reichard and Trump have been using ddia . . .
- : . sar number density as the Universe expanded. They find a
from the Sloan Digital Sky SurveySDSS to investigate . .. ;
. . ) . significant correlation between X-ray spectral slope agd
quasars. Schneider is the Chair of the SDSS Quasar SCIen\(/:wth a Spearman rank correlation coefficient of 0.82 signifi
Working Group; the main effort of the past year has been the P : 9

? " >99.8 ¢ i . i
production of the second edition of the SDSS Quasar Cataloéf(‘instt ?r: nzzri % <anfdeun;:arssiih a;sc;?nrreltf;l]g(:n Sgseasrsnc:t
(Schneideret al. 2003. This catalog contains accurate posi- yz L 99 9 q

tions, five band CCD photometry, and digital spectra forredshlfts near the peak of their number density may have

16,713 quasars in the SDSS First Data Release. The firgtIfferent accretion properties.

edition of the SDSS Broad Absorption Line Quasar Catalog3-2-2-8 Galaxy Evolutio@ronwall, as a member of the Ad-
(Reichardet al. 2003 was the Honors thesis of Reichard. vanced Camera for Survey@®CsS) Instrument Definition
The SDSS quasar team announced the discovery of thEeam utilized this new instrument on the Hubble Space Tele-
most distant quasairedshift of 6.4 in January 2003Fan  SCOpe to study the evolution of galaxies both in the cluster
et al. 2003. Three quasars at redshifts larger than three wer@nd in the field. Recent results include the study of the color-
identified in this paper; the spectra of two of the three qua_magnltude relation in a distanz{-1.2) cluster which shows
sars reported in this work were obtained with the Hobby_little or no evolution with respect to local clusters. This im-
Eberly Telescope. The near infrared properties of a set gplies that elliptical galaxies were formed and in place at red-

high-redshift ¢>4) quasars was presented by PentericcShifts greater than onéBIakesIeegt al. 2003. Other work
et al. (2003. focuses on the study of ACS grism spectra of the Hubble

Since the discovery of “red quasars” in the 1990s, therePeep Field North. The grism spectra are providing redshifts

has been much speculation that current quasar survey%:: emlsbsm_n-llgetz) gaIaX|edsbsevzral magnltudestal_r(;ter _th_an
which are primarily based in optical wavelengths, may pelnose obtained by ground-based spectroscopy. By | entifying

missing a significant fractiofa majorityd of the quasar galaxies via their k& and[O Il]-emission they will obtain a

population. The broad wavelength coverage and near§ample ideal for studying the evolution of star-forming gal-
axies out toz~1.5.

infrared itivity of the SDSS tl h thi - . .
Infrarec sensiivity ot the greatly enhances this sur In collaboration with John SalzdiVesleyan, Gronwall

vey'’s ability, compared to most previous optical studies, to . . .
detect red quasafRichardset al. 2003, has continued working on the KPNO International Spectro

scopic Survey(KISS) for nearby emission-line galaxies
3.2.2.7 Active Galaxies and Quasdathartas in collaboration (ELGs). This is a modern objective-prism survey which
with Brandt and Gallagher reported the discovery of a relacombines the wide field survey capability of a Schmidt tele-
tivistic X-ray absorbing outflow in the mini-BAL quasar PG scope combined with the deep sensitivity of a CCD detector.
1115+080. TheXMM-Newtonspectrum of PG 1116080  The first survey lists for galaxies selected both in the red
indicates the presence of complex low-energy absorption ifH«) and the blug[O I11]\5007) have been completed. The
the 0.2-0.6 keV observed energy band and high-energy alirst blue survey strip covers 117 deand includes 223 ELG
sorption in the 2—-5 keV observed energy band. The higheandidates or 1.9 per square degree. The first red
energy absorption is best modeled by two Gaussian absorgHa-selectedi survey strip covers 62 dégnd includes 1128
tion lines with rest-frame energies of 7.4 keV and 9.5 keV.ELG candidates for a surface density of 18.1 per square de-
Assuming that these two lines are produced by resonant algree. These surface densities are significantly higher than
sorption due to Fexv Ke, they infer that the X-ray absorb- previous surveys of this type. Significant progress on obtain-
ers are outflowing with relativistic velocities of 0d@nd  ing follow-up spectroscopy of this sample was made this past
0.34c, respectively. They have also detected significant variyear utilizing the Hobby-Eberly Telescope to observe several
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hundred of the faintest objects in the survey. The galaxiesransient obtained with the Hobby-Eberly telescope starting
targeted are low-metallicity candidates, and abundance qual5.48, 20.31 hours, and 4.84 days after the burst and a spec-
ity spectra of the best candidates from the HET targets wiltrum obtained with the H. J. Smith 2.7 m Telescope starting
be obtained this coming spring in an attempt to increase th&4.31 hours after the burst. GRB021004 is the first afterglow
numbers of known low-metallicity galaxies. Other ongoingwhose spectrum is dominated by absorption lines from high
work with KISS includes: studying the multiwavelength ionization species with multiple velocity components sepa-
properties of KISS ELGs by cross-correlating their surveyrated by up to 3000 km/s. They argue that these lines are
lists with existing surveys in the x-ray, radio, and far- likely to come from shells around a massive progenitor star.

infrared, and measuring the chemical properties and stag 5 5 11 Quasar Absorption Lines and Galaxy Evolufidre
formation rates of these galaxies. Future work plans fofntervening quasar absorption line group at Penn State, dur-
studying the multiwavelength properties of star-forming gal-ing the reporting period, included faculty members Charlton
axies using upcoming data from the GALEX and SIRTFanqg Churchill, graduate students Ding and Narayanan, and
satellites. Gronwall presented results from KISS at the |AUundergraduate students Lynch, Masiero, and Milutinovic.
General Assembly in Sydney, Australia. Several former undergraduate students also published works

3.2.2.9 Intrinsic Quasar Absorption LineGanguly (PSU  completed during their time at Penn State. They are listed
graduate student, now a postdoc at the Space Telescope Saere along with their graduate institutions: Mellghir-
ence Institutg Masiero(PSU undergraduateand Charlton  ginia), Rigby (Arizona), Zonak(Maryland. In August 2003,
published a paper on an intrinsic absorption complex alonghurchill began work as an assistant professor at New
the line of sight toward the quasar RXJ 1230@115. This Mexico State University.
system shows clear signs of an intrinsic origin: smooth wind- The focus of the quasar absorption line group’s effort has
like profiles, high ionization, and partial coverage of the cen-been to attempt to break the “code” of the spectra by mod-
tral engine. Also, two of the sub-systems are line-locked witheling the multiple chemical transitions observed in various
the third, which is formally classified as a mini-BAL. absorption line systems. The power of this is that it facilitates
Wise (PSU graduate studentEracleous, Charlton, and detailed studies of the evolution of the interstellar medium,
Ganguly completed a study variability of associate narrongaseous halos, and high velocity clouds of galaxies. Another
absorption lines, comparing data obtained with FOS to dat§mphasis of the effort is study of the class of weak Mg II
obtained about 10 years later with STIS. They found that agbsorbers, which have near solar metallicity, but are known
least 20% of the associated narrow absorption lines in lowpotto be within~50 kpc of giant galaxies. These objects are
redshift z<1) quasars are intrinsic. They plan followup surprisingly abundant, with at least 1 million for every giant
studies of some of these objects, to determine the variabilitg@laxy in the universe. The group’s strategy to investigate
timescale and to examine the nature of the change at high&em includes searches for weak Mg Il absorbers at very low
resolution. redshifts, considerations of their geometries based on num-
Palma, Ganguly, Charlton, Eracleous, MasiéP&U un- bers and inferred phase structures, and simulations of the

dergraduate Ryan Lynch(PSU undergraduateand Lackey €volution of these intriguing systems.
(PSU undergraduatdave nearly completed a search for in-  Graduate student, Ding, has led two papers that feature
trinsic absorption in the HST archive of STIS/Echelle quasaf€tailed studies of strong Mg Il absorbers. One features a

spectra. The strategy for the search, which focused on qu¥€rY fich system az~0.93 toward the quasar PG 1206
sars at redshifts less than 1.5, was to identify all doublets in-4°9: Which has a kinematic spread f1000 km/s. This
ystem is likely to be due to absorption through three sepa-

the spectra and apply partial coverage analysis to find el ) X
lower limit on the number of quasars with intrinsic absorp-'21€ galaxies, two giants and one dwarf. All three subsystems

tion (not all intrinsic absorbers will necessarily exhibit par- hz;ve mur:tlple pha_tlseskpf gas.t_The h'gg |(in|f€tlcl)nllo_w <_jent_5|ty/
tial covering. A number of intrinsic absorbers, with clear phases have simiiar kinemalic spreads 1o the fow ionization

evidence for partial coveringhave been identified in this high density phgseg However, in one of the giant galaxy
study. absorbers the high ionization gas has narrow, distinct com-

onents, and in the other the high ionization profile struc-
Lackey, Charlton, Eracleous, and Ganguly have been pur- - .
. T tures are smooth and reminiscent of those of the Milky Way
suing photoionization models to better understand the physi-

cal conditions of intrinsic absorbers. The NV absorption inorona. The other paper led by Ding featured #e0.99

these objects is often quite strong compared to the LymanSyStem toward PG 1634706, which is noteworthy because

: L L it is a C IV-deficient, strong Mg Il absorber. Ding hypoth-
alpha absorp_ﬂon, anq they found that this 1S primarily ANasized that the system may be C IV-deficient because it has a
effect of partial covering. In fact, many transitions are satu

Jow metallicity, component with a large Doppler parameter,

rateq, but the partial coverage causes them all to have ahich is needed to fit Lyman-alpha and higher order Lyman
proximately the same equivalent width. series lines

3.2.2.10 Gamma-Ray Burstsschaefer, Gerardy, Hoflich, Churchill, Mellon, Charlton, and Vogt exploited a unique
Panaitescu, Quimby, Mader, Hill, Kumar, Wheeler, Eracle-opportunity to study az=1.39 damped Lyman-alpha ab-
ous, Sigurdsson, Mgaos, Zhang, Wang, Hessman, and sorber at two different positions, separated-b¥35 pc. This
Petrosian(Texas, Penn State, Stanford, Goettinggub- was possible because of a double-image lensed quasar,
lished an analysis of GRB 021004: a Massive Progenitor StaQ0957-561A and B, which lies behind the DLA structure.
Surrounded by Shells. They present spectra of the opticdDespite the relatively close lines of sight, there is no direct
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connection between the substructure/clouds in the two sightdvanced substantially over the past few years, largely due to
lines. Photoionization models implied individual cloud sizesresults from the new generation of X-ray observatories.
of 1-25pc and densities of 2-20 cubic centimeters. The conX-ray emission has now been detected from more than 80
clusion is that the DLA cloud and those that surround it aresuch quasars; most detections have been made by Penn State
similar to groupings of cold ISM clouds in the Milky Way. researchers. Recently, Vigna al. (2003 have reported on
Zonak led a paper that featured a multiple-cloud, weakChandra and XMM-Newton observations of a sample of 13
Mg Il system atz~1.04 along the line of sight toward PG quasars at~ 4.7-5.4 mostly taken from the Sloan Digital
1634+706. This system is interesting because it has twasky Survey(SDSS. The present sample complements pre-
separate groupings of low ionization components, separatedous X-ray studies of=4 quasars, in which the majority of
by about 150 km/s, and two separate high ionization compothe objects are optically more luminous and at lower red-
nents, each offset by-50 km/s from the low ionization re- shifts. All but two of these quasars have been detected in the
gions. The metallicities of the low ionization components areX-ray band, thus doubling the number 4.8 X-ray de-
fairly low, about 3% of the solar value, and the broad, hightected quasars; the two non-detections are likely to be due to
ionization components apparently have a somewhat higheg short exposure time in one case and to the presence of
metallicity. The various inferred properties suggested theiintrinsic absorption in the other. Vignadit al. (2003 con-
favored model in which the two subsystems are produced bjirm and extend to the highest redshifts the presence of a
condensed clouds far out in the opposite extremes of a multeorrelation between ABs, magnitude and soft X-ray flux
layer dwarf galaxy superwind. for z=4 quasars, and the presence of a steeper optical-to-X-
Efforts to understand the mysterious, single-cloud weakay spectral energy distribution for high-luminosity, high-
Mg Il absorbers included a detailed study of the phase strugedshift quasars than for lower-luminosity, lower-redshift
ture of three systems at-1 along the line of sight toward quasars. The second effect is likely due to a known luminos-
PG 1634-706. Each absorber had a broader C IV compoity correlation, whose significance has been confirmed via
nent centered on its Mg Il component, suggested a lowepartial correlation analysis. The joint~2.5-36 keV
density, but kinematically related gaseous phase. Two of theest-frame spectrum of the>4.8 SDSS quasars observed

three absorbers had one or more offset C IV components agys far by Chandra is well parameterized by a power law

We”, at velocities at which Mg Il was not detected. The with photon |ndexl_‘:184tggé’ this photon index is consis-

inferred sizes show that the region producing high ionizationent with those ofz~ 0-3 quasars and that obtained from
absorption is larger/thicker than the 1-100 pc regions thajgint spectral fitting ofz~ 4.1-4.5 optically luminous Palo-
produce the Mg Il absorption. In two of the three systemsmar Digital Sky Survey quasars. No evidence for widespread

the metaII:City olf the Mg I::ﬁhalse was %reater than solar.  jtrinsic X-ray absorption has been found.

Recently, Milutinovic, arlton, Rigby, Ding, Masiero, . N .
and Palmayhave conducted a simple survey of the high res@:2-2-13 X-ray Spectroscopic and Variability Studies of
lution HST/STIS Echelle archive, which nonetheless has ledV€arPy Active Galaxiegmmler et al. (2003 have reported
to some fundamental conclusions. The simplest geometry fdgh @n X-ray observation of the Seyfert 1.5 galaxy Markarian
the Mg Il and C IV components of single-cloud, weak Mg II 6 obtained Wlth the EPIC instruments onboard XMM-
absorbers has the Mg Il in a small spherical cloud embeddeff€Wion. Archival BeppoSAX PDS data from 18-120 keV
in a larger C IV region. This, however, is ruled out by Mi- Were also used to constrain the underlying hard power-law
lutinovic’s recent study, because there are fewer C IV-onlycOntinuum. The results from spectral analyses generally fa-
systems found in the archive than there are systems withOr @ double partial-covering model, although other spectral
both low ionization absorption and C IV absorption. This M0dels such as absorption by a mixture of partially ionized
suggests a sheetlike geometry, which may have a natur@nd neutral gas cannot be firmly ruled out. The best-fitting
connection with the cosmic web, seen in cosmological strucodel consists of a power law with a photon indexIof
ture formation simulations. A manuscript is in preparation. =1.81°g%and partial covering with large column densities

Narayanan(graduate studenthas conducted a survey, Up to Ny~10°*cm™2. A narrow emission line consistent
looking for the analogs of weak Mg Il absorbers at low red-With Fe Ka fluorescence at 6.4507 keV is also detected
shift by searching for Si Il and C Il absorption, which would With an equivalent width of 935 eV. Joint analyses of
be covered in HST/STIS E140M spectra. He has found sevXMM-Newton, ASCA, and BeppoSAX data further provide
eral such absorbers, which are excellent candidates for foevidence for both spectral variabilitg factor of~2 change
lowup imaging studies. He plans a formal analysis to deterin absorbing columnand absorption-corrected flux varia-
mine the number of weak Mg Il absorbers per unit redshifttions (by ~60%) during the~4 year period probed by the
He has also explored photoionization models of these sysbservations.

tems. He conducted simulations to explore the evolution of 5 5 14 X-ray Studies of Starburst Galax@msuer & Brandt
the systems due to the diminishing extragalactic backgroun@zooa have presented a Chandra and HST study of IC 10
radiation. They are expected to have increasing importancg_1  the most luminous X-ray binary in the closest starburst
of their C IV phases relative to the Mg Il phases, and to eVeyalaxy to the Milky Way. The new hard X-ray observation of
in some cases transition from single-cloud to multiple-cloudy_q confirms that it has an average 0.5-10 keV luminosity
weak Mg Il absorbers. of 1.5x10% erg s, is strongly variablda factor of~2 in
3.2.2.12 X-ray Studies of Luminous High-Redshift Quasars<3 ks), and is spatially coincident with the Wolf-Rayet
X-ray studies of luminous high-redshift¥4) quasars have (WR) star[MAC92] 17A in IC 10. The spectrum of X-1 is
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best fit by a power law witH"~1.8 and a thermal plasma available point-source catalogs for the
with kT~ 1.5 keV, although systematic residuals hint at fur-~1 Ms Chandra Deep Field-Sout@DF-S.
ther complexity. Taken together, these facts suggest that X-1 Optical and near-infrared catalogs for the X-ray sources in
may be a black hole belonging to the rare class of WR binathe Chandra Deep Field-North have been delivered by
ries; it is comparable in many ways to Cyg X-3. The Chan-Barger et al. (2003. High-quality multicolor imaging data
dra observation also finds evidence for extended X-ray emisare available for all point sources in the X-ray-selected cata-
sion co-spatial with the large non-thermal radio superbubblgog, and reliable spectroscopic redshifts are available for 284.
surrounding X-1. The spectroscopic redshift distribution shows two broad red-
Bauer, Brandt, & Lehme(2003 have investigated the shift spikes that have clearly grown over those originally
X-ray properties of the starburst galaxy IC 342 using a 10 ksseen in the~1 Ms exposure. The spectroscopically identi-
XMM-Newton observation. Thirty-five sources are detectedfied extragalactic sources already comprise 75% of the mea-
coincident with the disk of IC 342Zmore than tripling the sured 2-8 keV light. Redshift slices versus 2—8 keV flux
number know, of which ~ 31 are likely to be intrinsic t0  show that an impressive 54% of the measured 2—8 keV light
IC 342. This point-source population exhibits a diverse ranggyrises from sources at<1 and 68% from sources ak 2.
of spectral properties and has an X-ray luminosity functionThys major accretion onto supermassive black holes has oc-
slope comparable to that of starburst galaxies such as M8grred since the Universe was half its present age. Photomet-
and the Antennae, while its relative lack of extended X-rayic redshifts have also been utilized to place further con-
emission is similar to the properties of quiescent spirals. Altraints upon the nature of the X-ray sources.

though they find no evidence for short-term variability from . . .
any of the X-ray sources, they do detect long-term variabili'[y?"2'3'2 X-ray Emission Associated with Normal and Star-

between this observation and the 1991 ROSAT and 199FUrst GalaxiesHornschemeieet al. (2003 have studied op-
2000 ASCA observations for five sources. Notably, the secticaIIy bright, X-ray fai.nt (O_BXF) Sources identified. in_ an
ond most luminous source in IC 34X-2) is found to be in 178.9 arcmin area having high effective exposure within the
its lowest luminosity state to date, although the shape of th&handra Deep Field-North. Forty-three OBXF sources are
spectrum is intermediate between the previously observetptnd in this area, comprising 15%191: the Xf-gayjources
low/hard and high/soft states. IC 342 X-1, on the other hand@20Ve & 0.5-2 keV flux 0f=2.3x 10" ~"erg cm “ s~ = The

is found to be in an identical state to that observed in ZOO@BXF population consists mainly of normal and starburst
with ASCA. Assuming X-1 is in an anomalous very high galaxies detected out to cosmologically significant distances

(VH) state, then eithefl) X-1 has remained in this state (2=0.06-0.84% providing a window on the X-ray emission
between 2000 and 2002, and is therefore the longest duratidfP™ dalaxies at redshifts much closer to the cosmic star
VH-state binary ever observed, @ it was simply caught in formation .pea.k thgn ‘was possible prior to Chandra. The
a VH state by chance in both the 2000 ASCA and 2002X-T&y luminosity distribution of OBXF sources extends to
XMM-Newton observations. The spectrum of the nucleus ishigher luminosity than does that of “normal” galaxies, indi-
best fit by an absorbed two-component model consisting of §2tN9 that a significant fraction are likely low-luminosity

thermal plasma with a temperature kiT~0.3 and a power active galaxies or have vigorous star formation. The 0.5-2
law with a photon index of ~2.53. The relative fluxes of keV number counts for the OBXF galaxies are much steeper

the two spectral components suggest that the nucleus is corffian for the general X-ray source population. Indeed, the
plex, with a soft extended component contributing approXi_number of OBXF sources has doubled between the 1 Ms and
mately half of the total luminosity. 2 Ms surveys.

3.2.3.3 The X-ray Emission Properties of Moderate-
3.2.3 The Chandra Deep Field-North Survey and Other Luminosity Active Galaxies at High Redshifignali et al.
Deep X-ray Surveys (2002 have presented X-ray spectral analyses of the 2wo

3.2.3.1 X-ray and Optical Catalogalexanderet al. (2003 >4 active galaxies thus far spectroscopically identified in
have created point-source catalogs for th Ms exposure the Chandra Deep Field-North, at redshifts of 5.1_86 and
of the Chandra Deep Field-North, currently the deepesff-1_37- The.rest-framf-y' 2.5-40 kev spectra are the first for
X-ray observation of the Universe. Nearly 600 X-ray sourcesoPtically faintz>4 active galaxies. The=>5.186 quasar is
are detected over an448 arcmii area in up to seven X-ray Well fitted by a power-law model with photon indek
bands. Source positions have been determined using 1-8+0.3, consistent with those of lower-redshift, unob-
matched-filter and centroiding techniques; the median posiscured active galaxies. The other active galaxy has a flatter
tional uncertainty is= 0.3. The X-ray colors of the detected effective X-ray photon index, suggesting the presence of in-

sources indicate a broad variety of source types, aIthougHInSIC absorption.

absorbed active galaxies are clearly the dominant type. Thi8.2.3.4 Connection with the Great Observatories Origins
~2 Ms exposure is approximately photon limited for regionsDeep Surveysubstantial work has been performed combin-
close to the aim point, and they predict that exposures up ting the Chandra Deep Field-North and Chandra Deep Field-
~25 Ms (0.5-2.0 keV and ~4 Ms (2—-8 ke\) should re- South surveys with the HST Advanced Camera for Surveys
main nearly photon limited; Chandra can achieve signifi-component of the Great Observatories Origins Deep Survey
cantly higher sensitivities in an efficient nearly photon-(GOODS; results from this powerful combination are now
limited manner and be largely free of source confusion. Thestarting to be delivered. For example, Cristiahial. (2003
same techniques have also been used to produce the bgsesent a sample of 17 high-redshift (8.5<5.2) quasar
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candidates in the 320 arcniiarea of the GOODS, selected sum the output intensities through the 2D projection surface
in the magnitude range 22.4%4-,<25.25. On the basis of of a 3D object. Assumptions include LTE in an optically thin
seven spectroscopic and ten photometric redshifts, the beptasma. This code will be used to generate synthetic line
estimate is that the final sample will contain between twoprofiles using output from a PPM hydrodynamics code.
and four quasars with4z<5.2. A dearth of high-redshift, These synthetic profiles will be used to produce simulated
moderate-luminosity M 145= — 23) quasars is observed with trailed spectra and Doppler tomograms of accretion struc-
respect to predictions based @b the extrapolation of the tures in binaries which undergo direct impact accretion when
z~2.7 luminosity function, according to a pure luminosity the gas stream strikes the photosphere of the mass gaining
evolution calibrated by the results of the Sloan Digital Skystar.

Survey; and?) acqnstant unlversa! efficiency in the forma-'3_3_1_4 Intracluster StarsSigurdsson continued work on
tion of super-massive black holes in dark-matter halos. Evi- . . : . . .
. . : ; modeling of intracluster stars in collaboration with Ciardullo
dence is gathered in favor of suppression of the formation or
. . . and Durrell.
feeding of supermassive black holes in low-mass halos. _ _

Hornschemeieret al. (2003 have used the combined 3.3.1.5 Pulsar Studieghang(PSU), Z. G. Dai(NJU, PSU,
X-ray and GOODS data to identify a sample of 10 highly Mészaos (PSU, Waxman(Weizmann Inst and Harding
reliable off-nuclear £2 kpo X-ray sources at=0.03-0.25 (NASA/GSFQ investigated the production of igh energy
in late-type host galaxies. They extend the study of this enigneutrinos from magnetars. Magnetars can accelerate cosmic
matic population up to higher redshifts and larger look-backrays to high energies through the unipolar effect, and are also
times than has been possible before, finding that the fractiopopious soft photon emitters. They show that young, fast-
of optically luminous galaxies exhibiting luminous off- rotating magnetars whose spin and magnetic moment point
nuclear sources a~0.1 is larger than at the current time in opposite directions emit high energy neutrinos from their
(=36% versus~8%). The X-ray luminosities of the polar caps through photomeson interactions. They identify a
GOODS off-nuclear X-ray sources are comparable to omneutrino cut-off band in the magnetar period-magnetic field
slightly greater than the integrated point-source X-ray lumi-strength phase diagram, corresponding to the photomeson
nosities of nearby galaxies, providing a possible constraininteraction threshold. Within uncertainties, they point out
on the X-ray luminosity function at higher star-formation four possible neutrino emission candidates among the cur-
rates. X-ray variability demonstrates that several of theseently known magnetars, the brightest of which may be de-

sources are likely single accreting black holes. tectable for a chance on-beam alignment. Young magnetars
in the universe would also contribute to a weak diffuse neu-
3.3 Theoretical Studies trino background, whose detectability is marginal, depending

. . on the typical neutrino energy.
3.3.1 Theoretical Astrophysics yp! ui 9y

3.3.1.6 Gamma-Ray Burs@&raduate student Gou, 'deaos,

3'3'1.'1 PIang_tary SystemsSigurdsson worked on the (.jy' .Abel and Zhang investigated the detectability of long GRB
namical stability of planetary systems and planet detection in

collaboration with Debes; and on planetary formation andafterglows from very high redshifts, where bright reverse

detection in collaboration with Mandell. A formal collabora- shock emission last longer in the observer frame, and its
tion with PSARC was negotiated in collaboration with importance for detection and analysis purposes relative to the

Wolszczan forward shock increases. They consider two different models
' for the GRB environment, based on current ideas about the
3.3.1.2 Radiative Transfer in Chemically Peculiar Starsredshift dependence of gas properties in galaxies and primor-
Budaj and Mike Dworetsky(University College London, dial star formation. They calculate the observed flux as a
UK) calculated fully consistent NLTE radiative accelerationsfynction of the redshift and observer time for typical GRB
on Ne in the atmospheres of late B stars. The calculationgfterglows, taking into account intergalactic photoionization
take into account neon fine structure as well as ShadOWing (gnd Lymana absorption Opacity as well as extinction by the
neon lines using the entire Kurucz line list, bound-bound,M"ky Way Galaxy. The fluxes in the X-ray and near IR
bound-free, and free-free opacity of H, He, and C, as well agands are compared with the sensitivity of different detectors
some non-LTE effects. They showed that radiative acceleragych as Chandra, Swift and JWST. They find that Chandra
tions were well below the gravitational acceleration over thegng swift can potentially detect GRBs out to very high red-
entire range ofTe¢, and they predicted that in the stable ghifts z=13 and 30, respectively. In the K and M bands, the
atmospheres, devoid of disturbing motions, Ne should sinkpwsT and ground-based telescopes are potentially able to
and be observed as underabundant. This agrees with the rgatect GRBs even one day after the trigger out+dl6 and
cent observations of low Ne abundances in HgMn stars. 33 i present. While the X-ray band is insensitive to the
Budaj with V. G Elkin (Special Astrophysical Obs_erva- external density and to reverse shocks, the near IR bands
tory (SAO), Russia and Hubeny(NOAO, Tuscon carried  provides a sensitive tool for diagnosing both the environment
out a preliminary NLTE analysis of CCD spectra obtained by;nq the reverse shock components.
the 6m SAO teIespope of an _extreme helium sdO star BD \as790s and ReefCambridgé investigated Gamma-ray
+254655 and derived the basic parameters of the star. |y rsts as X-ray depth-gauges of the Universe. They discuss
3.3.1.3 Line Profile SynthesBudaj and Richards have writ- the X-ray flux of gamma-ray burst afterglows at redshifts in
ten a Fortran code called SHELLSPEC to solve simple rathe range 3-30, including the effects of the intergalactic He I
diative transfer along the line of sight in moving media andabsorption. They point out that strong X-ray lines may form
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locally in burst afterglows starting minutes after the trigger.servational data and estimate the break energy. If the distri-
This can provide distinctive X-ray distance indicators out tobution of initial Lorentz factors of shells has only one peak,
the redshifts where the first generation of massive stars fornrmany pulses with a break energy much lower than the typical
Kobayashi and Zhang investigated the early optical afterobserved value should be detected, while the effect of the
glows from wind-type gamma-ray bursts. The emission isThomson optical depth reduces pulses with a break energy of
evaluated in both the thick and thin shell regimes. They dis=>1 MeV. If the Lorentz factor distribution has multiple
cuss the angular time delay effect and the post-shock evolypeaks, the distribution of the break energy can be consistent
tion of the fireball ejecta, which determine the decay index ofwith observations.
the prompt optical emission and the duration of the radio Kobayashi and Zhang studied the re-brightening in the
flare. They discuss distinct emission signatures of the windlsRB 021004 optical afterglow, which can be explained
environment compared with the constant interstellar mediunwithin the framework of the standard fireball model. The
environment. They also present two recipes for directly con-optical light curve of the forward shock emission is expected
straining the initial Lorentz factor of the fireball using the to rise initially and to decay after the typical synchrotron
reverse and forward shock optical afterglow data for thefrequency crosses the optical band. They show that such a
wind case. rising phase emission was caught for GRB 021004, together
Zhang, Kobayashi, and Meaos studied the early optical with a reverse shock emission. With the standard values of
afterglows of GRB and their implications for the initial Lor- parameters obtained in other afterglow observations, they
entz factor and the central engine. Early optical afterglowsonstructed example cases in which theoretical estimates rea-
have been observed from GRB 990123, GRB 021004, andonably fit the broadband observations. Thus, the early re-
GRB 021211, which reveal rich emission features attributedrightening might be a common feature in optical afterglows.
to reverse shocks. It is expected that Swift will discover Kobayashi, Ryde(Stanford and MacFadyer(CalTech
many more early afterglows. They investigated in a unifiedconsidered the luminosity and variability of collimated
manner both the forward and the reverse external shocgamma-ray bursts. Within the framework of the internal
emission components, and introduce a straightforward recipghock model, they study the luminosity and variability in
for constraining the initial Lorentz factor of the fireball using gamma-ray bursts from collimated fireballs. In particular
early optical afterglow data. The scheme is largely indepenthey pay attention to the role of the photosphere due“to
dent of the shock microphysics. They identify two types ofpairs produced by the internal shock synchrotron photons. It
combinations of the reverse and forward shock emission, anid shown that the observed Cepheid-like relationship between
explore their parameter regimes. They also discuss a possibilee luminosity and the variability can be interpreted as a
diagnostic for magnetized ejecta. There is evidence that theorrelation between the opening angle of the fireball jet and
central engine of GRB 990123 is strongly magnetized. the mass included at the explosion with a standard energy
Balazs (Konkoly Observatory, BudapgsBagoly (Eotvos  output. They also show that such a correlation can be a natu-
University, Budapegt Horvath (Bolyai Military University,  ral consequence of the collapsar model. Narrow jets, in
Budapest A. Mészaos (Charles University, Praglieand P.  which the typical Lorentz factors are higher than in wide jets,
Mészaos published a paper on the difference between thean produce more variable temporal profiles due to smaller
short and long gamma-ray bursts. They argue that the distrangular spreading time scales at the photosphere radius. Us-
butions of both the intrinsic fluence and the intrinsic durationing a multiple-shell model, they numerically calculate the
of the gamma-ray emission in gamma-ray bursts from théemporal profiles of gamma-ray bursts and show that their
BATSE sample are well represented by log-normal distribusimulations reproduce the observed correlation.
tions, in which the intrinsic dispersion is much larger than Bagoly, Csabai(Eotvos U, A. Mészaos (Pragug, P.
the cosmological time dilatation and redshift effects. TheyMeszaos, Horvah (Bolyai U), Balazs (Konkoly Obs), and
perform separate bivariate log-normal distribution fits to theVavrek (Pragu¢ studied a method of gamma photometric
BATSE short and long burst samples. The bivariate log+edshifts for long gamma-ray bursts. They use the fact that
normal behavior results in an ellipsoidal distribution, whosethe soft tail of the gamma-ray bursts’ spectra show excesses
major axis determines an overall statistical relation betweeifrom the exact power-law dependence. They show that this
the fluence and the duration. They show that this fit providesleparture can be detected in the peak flux ratios of different
evidence for a power-law dependence between the fluend@ATSE DISCSC energy channels. This effect allows to es-
and the duration, with a statistically significant different in- timate the redshift of the bright long gamma-ray bursts in the
dex for the long and short groups. They discuss possibIBATSE Catalog. A verification of these redshifts is obtained
biases, which might affect this result, and argue that the effor the 8 GRB which have both BATSE DISCSC data and
fect is probably real. This may provide a potentially usefulmeasured optical spectroscopic redshifts. There is good cor-
constraint for models of long and short bursts. relation between the measured and estimated redshifts, and
Asano(Osaka U and Kobayashi studied the dispersion of the average error idz~0.33. The method is similar to the
break energy in the gamma-ray burst internal shock modephotometric redshift estimation of galaxies in the optical
In order to investigate the dispersion of the spectral breakange, hence it can be called as “gamma photometric red-
energy in gamma-ray bursts, they simulate internal shockshift estimation.” The estimated redshifts for the long bright
including effects of shell-splitting after shell collisions and gamma-ray bursts are up tw=4. For the the faint long
the Thomson optical depth due to electron—positron pairdursts - which should be up =20 - the redshifts cannot be
produced by synchrotron photons. They produce pseudo olgletermined unambiguously with this method.
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Waxman(Weizman Inst and Meszaos studied the pro- coming GRB data, through which the nature of the fireball as
cess of Collapsar Uncorking and Jet Eruption in GRB. Theywell as the mechanism and site of the GRB emission will be
show that the collapsar model of gamma-ray bursts results iidentified. In view of the current data, various models are
a series of successive shocks and rarefaction waves propappraised through a simple Monte-Carlo simulation, and a
gating in the “cork” of stellar material being pushed aheadtentative discussion about the possible nature of X-ray
of the jet, as it emerges from the massive stellar progenitoiflashes is presented.

These shocks result in a series of characteristic, increasingly Mészaos, Zhang, Ramirez-Ruiz, and Re@ambridge
shorter and harder thermal X-ray pulses, as well as a norsonsidered the connection between X-ray Rich GRB, Photo-
thermal gamma-ray pulse, which precede the usual norspheres and Variability. They investigate the relationship be-
thermal MeV gamma-rays. They consider jets escaping frontween the quasi-thermal baryon-related photosphere in rela-
both compac(CO or He dwarf and blue supergiant stellar tivistic outflows, and the internal shocks arising outside
progenitors. The period, fluence and hardness of the pulségem, which out to a limiting radius may be able to create
serves as a diagnostic for the size and density of the out&@&nough pairs to extend the optically thick region. Variable
envelope of the progenitor star. gamma-ray light curves are likely to arise outside this limit-

Lloyd-Ronning(LANL ), X. Dai, and Zhang discussed the ing pair-forming shock radius, while X-ray excess bursts
structure of quasi-universal jets for Gamma-Ray Bursts. Thenay arise from shocks occurring below it; a possible relation
idea that GRBs originate from uniform jets has been used t&0 X-ray flashes is discussed. This model leads to a simple
explain numerous observations of breaks in the GRB afterphysical interpretation of the observational gamma-ray
glow lightcurves. They explore the possibility that GRBs in- variability-luminosity relation.
stead originate from a structured jet that may be quasi- Zhang and Mszaos discussed the gamma-ray burst
universal, where the variation in the observed properties opeaming as a possible universal configuration with a stan-
GRBs is due to the variation in the observer viewing angledard energy reservoir. They discuss a gamma-ray burst
They test how various models reproduce the jet data ofGRB) model based on an anisotropic fireball with an axi-
Bloom, Frail, & Kulkarni (2003, which show a negative Symmetric power-law distribution of the energy per solid
correlation between the isotropic energy output and the inangle with index-k, and allow for the observer's viewing
ferred jet opening angl€in a uniform jet configuration  direction being at an arbitrary angle with respect to the jet
They find, consistent with previous studies, that a power-lavaxis. This model can reproduce the key features expected
structure for the jet energy as a function of angle gives grom the conventional on-axis uniform jet models, with the
good description. However, a Gaussian jet structure can alseovelty that the achromatic break time in the broadband af-
reproduce the data well, particularly if the parameters of théerglow lightcurves corresponds to the epoch when the rela-
Gaussian are allowed some scatter. They place limits on thigvistic beaming angle is equal to the viewing angle rather
scatter of the parameters in both the Gaussian and power-laian to the jet half opening angle. If all the GRB fireballs
models needed to reproduce the data, and discuss how futuf@ve such a similar energy distribution form with X5 <
observations will better distinguish between these models fotor ~) 2, GRBs may be modeled by a quasi-universal beam-
the GRB jet structure. In particular, the Gaussian model preing configuration, and an approximately standard energy res-
dicts a turnover at small opening angles and in some casesé4voir. The conclusion also holds for some other forms of
sharp cutoff at large angles, the former of which may alreadyangular energy distributions, such as the Gaussian function.

have been observed. They also discuss the predictions eagtg.1.7 AGN and Blazarg. G. Dai (Nanjing), Zhang, Gou,
model makes for the observed luminosity function of GRBsmeszaos and Waxman(Weizman considered the GeV
and compare these predictions with the existing data. emission from TeV blazars and their dependence on the
Zhang and Mszaos published an analysis of gamma-ray strength of the intergalactic magnetic fields. Several high-
burst spectral break models. Typical gamma-ray burst spegrequency peaked BL Lac objects such as Mrk 501 are strong
tra are characterized by a spectral break, Ep, which for brighteV emitters. However, a significant fraction of the TeV
BATSE bursts is found to be narrowly clustered around 30Qgamma rays emitted are likely to be absorbed in interactions
keV. Recently identified X-ray flashes, which may accountwith the diffuse IR background, yielding electron-positron
for a significant portion of the whole GRB population, seempairs. Hence, the observed TeV spectrum must be steeper
to extend the Ep distribution to a broader range below 4Qhan the intrinsic one. Using the recently derived intrinsic
keV. Positive correlations among Ep and some other ob+-ray spectrum of Mrk 501 during its 1997 high state, they
served parameters have been noticed. On the other harstudy the inverse-Compton scattering of cosmic microwave
within the cosmological fireball model, the issues concerningohotons by the resulting electron-positron pairs, which im-
the dominant energy ingredient of the fireball as well as theplies the existence of a hitherto undiscovered GeV emission.
location of the GRB emission site are still unsettled, leadingThe typical duration of the GeV emission is determined by
to several variants of the fireball model. Here they analyzehe flaring activity time and the energy-dependent magnetic
these models within a unified framework, and critically re-deflection time. They numerically calculate the scattered
examine the Ep predictions in the various model variantsphoton spectrum for different intergalactic magnetic field
Attention is focused on the predictions of the narrowness ofIGMF) strengths, and find a spectral turnover and flare du-
the Ep distribution in different models, and the correlationsration at GeV energies which are dependent on the field
among Ep and some other measurable observables. Theseength. They also estimate the scattered photon flux in the
model properties may be tested against the current and upguiescent state of Mrk 501. The GeV flux levels predicted
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are consistent with existing EGRET upper limits, and shouldcost of information near the end of the tracks. They find that
be detectable above the synchrotron — self Comp&8Q settings tracking electron and positron to lower energy yield
component with theGamma-Ray Large Area Space Tele-a more accurate calculation, a more intense shower, and pro-
scope(GLAST for IGMFs =10 ! G, as expected in voids. portionately stronger radio pulses at low frequencies. At high
Such detections would provide constraints on the strength dfequencies the relation between shower tracking algorithm
weak IGMFs. and pulse spectrum is more complex. They obtain radial dis-

3.3.1.8 Cosmic Ray Studi®azzaque and Ralstah). Kan- tributions of shower particles and phase Qistributipns of
sa$ studied the global anisotropy of cosmic ray data abové)U'S_eS from 100 GeV showers that are consistent with their
4x 10 eV. The distribution of arrival directions of ultra- PUPlished results.

high energy cosmic rays may Yyield clues to their mysterious3.3.1.9 Neutrino AstrophysicRazzaque, Mszaos, and
origin. They introduce a method ofvariant statisticsto ~ Waxman (Weizman Inst discussed neutrino signatures of
analyze cosmic ray data which eliminates coordinatethe supernova - gamma ray burst relationship. They calculate
dependent artifacts. When combined with maximum likeli-the TeV-PeV neutrino fluxes of gamma-ray bursts associated
hood analysis, the method is capable of quantifying deviawith supernovae, based on the observed association between
tions of the distribution from isotropy with high reliability. GRB 030329 and supernova SN 2003dh. The neutrino spec-
They test our method against published AGASA events withral flux distributions can test for possible delays between the
energies above %10 eV. Angular cuts from observational supernova and the gamma-ray burst events down to much
limitations are taken into account. A model based on theshorter timescales than what can be resolved with photons.
Fisher distribution reveals the rotation of the Earth with theAs an illustrative example, they calculate the probability of
axisn along the direction (83.36",85.78°) in RADEC) neutrino induced muon and electron cascade events in a km
coordinates, which is within 5° of the equatorial north pole.scale under-ice detector at the South Pole, from the GRB
Global anisotropy of the data, if any, hinges on finer under030329. Their calculations demonstrate that km scale neu-
standing of detector acceptance than what is available frorrino telescopes are expected to detect signals that will allow
the published literature. to constrain supernova-GRB models.

Kravchenko, Razzaquet al. obtained limits on the ultra- The same authors also discussed neutrino tomography of
high energy electron neutrino flux from the RICE experi-gamma ray bursts and massive stellar collapses. Neutrinos at
ment. This is based on analysis of data taken by the RICEnergies above TeV can serve as probes of the stellar pro-
experiment during August, 2000. The RICE receiver array agenitor and jet dynamics of gamma ray bursts arising from
South Pole monitors cold ice for radio-wavelength Cherenstellar core collapses. They can also probe collapses which
kov radiation resulting from neutrino-induced in-ice show-do not lead to gamma-rays, which may be much more nu-
ers. For energies above 1 EeV, RICE is an effective detectanerous. They calculate detailed neutrino spectra from shock
of over 15 kni sr. Potential signal events are separated fromaccelerated protons in jets just below the outer stellar enve-
backgrounds using vertex location, event reconstruction, ankbpe, before their emergence. They present neutrino flux es-
signal shape. These are the first terrestrial limits exploitingimates from such pre-burst jets for two different massive
the physics of radio Cherenkov emissions from chargedstellar progenitor models. These should be distinguishable by
currentv,+N—e+ N’ interactions. IceCube, and they discuss the implications.

Kravchenko, Razzaquegt al. discussed recent results Fryer (LANL) and Meszaos considered neutrino-driven
from the RICE experiment at the South Pole. They present axplosions in GRBs and hypernovae. They derive the critical
compilation of recent results, submitted to the 2003 Internadensity at which these outbursts occur in the collapsar
tional Cosmic Ray Conferenadsukuba, JapgnThese in- model. The agreement between this derivation and results
clude: 3 Revised Monte Carlo estimates of the radiofre-from past collapsar simulationéMacFadyen & Woosley
guency signals produced by electromagnetic showers in ic000 is excellent, implying that they have captured the es-
b) an updated search for ultra-high ene@yHE) neutrinos  sential physics. They then use this derivation to study a range
based on detection of radio-wavelength Cherenkov radiatiomf progenitors for collapsar gamma-ray bursts. They derive
such radiation results from neutrino-induced electromagnetibow much of the star will accrete onto the black hole core
showers in cold Polar ice, and an in situ measurement of before the infall density drops below this critical density,
the index of refraction through the South Polar firn. leading to an estimate of the remnant black hole mass for

Razzaque, Seunarine, Besson, McKay, Ralston, an@RBs and hypernovae. They also estimate the time delays
Seckel(U. Kansag discussed the coherent radio pulses frombetween gravity wave or neutrino signals and the onset of the
GEANT generated electromagnetic showers in ice. They reexplosion or burst event. This derivation, combined with fu-
evaluate their published calculations of electromagnetiture observational constraints, provides a physical insight
showers generated by GEANT 3.21 and the radio frequencinto the structure of the GRB progenitor.
pulses they produce in ice. They are prompted by a recent Razzaque, Mszaos, and WaxmaWeizman Insb. Stud-
report showing that GEANT 3.21-modeled showers are senied high energy neutrinos from gamma-ray bursts with pre-
sitive to internal settings in the electron tracking subroutinecursor supernovae. The high energy neutrino signature from
They report the shower and pulse characteristics obtainegroton-proton and photo-meson interactions in a supernova
with different settings of GEANT 3.21 and with GEANT 4. remnant shell ejected prior to a gamma-ray burst provides a
The default setting of electron tracking in GEANT 3.21 theytest for the precursor supernova, or supranova, model of
used in previous work speeds up the shower simulation at thgamma-ray bursts. Protons in the supernova remnant shell,
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and photons entrapped from a supernova explosion or a pufamma-ray bursts arising from compact stellar mergers, and
sar wind from a fast-rotating neutron star remnant providepossibly also from bursts associated with fast-rotating mas-
ample targets for protons escaping the internal shocks of th&ive stellar core collapses. These models have in common a
gamma-ray burst to interact and produce high energy neutrhigh angular rotation rate, and observations provide evidence
nos. They calculate the expected neutrino fluxes, which cafor jet collimation of the photon emission, with properties
be detected by current and future experiments. depending on the polar angle, which may also be of rel-
The IceCube CollaboratiotAhrens, Cowen, Mezaos, evance for X-ray flashes. Here they consider the gravitational
Razzaqueet al) discussed the sensitivity of the IceCube de-wave emission and its polarization as a function of angle
tector to astrophysical sources of high energy muon neutriwhich is expected from such sources. They discuss possible
nos. They present the results of a Monte-Carlo study of th€orrelations between the burst photon luminosity, or the de-
sensitivity of the planned IceCube detector to predicteday between gravitational wave bursts and X-ray flashes, and
fluxes of muon neutrinos at TeV to PeV energies. A com-the polarization degree of the gravitational waves.
plete simulation of the detector and data analysis is used to Kobayashi and Mezaos studied the gravitational radia-
study the detector’s capability to search for muon neutrinodion expected from various gamma-ray burst progenitors, in
from sources such as active galaxies and gamma-ray bursfa@rticular compact mergers and massive stellar collapses.
They study the effective area and the angular resolution of he final stage involves a rotating black hole and accretion
the detector as a function of muon energy and angle of incidisk system. They consider the in-spiral, merger and ringing
dence. They present detailed calculations of the sensitivity dphases. For massive collapses they consider the possible ef-
the detector to both diffuse and pointlike neutrino emissionsf€cts of asymmetric collapse and break-up, as well bar-mode
including an assessment of the sensitivity to neutrinos delnstabilities in the disks. They calculate the strain and fre-
tected in coincidence with gamma-ray burst observationsduency of the gravitational waves expected from various
After three years of data taking, IceCube will have beenPr0genitors, at Q|§tances base_d on occurrence rate estimates.
able to detect a point source flux OE2-dN/dE= Based on simplifying assumptions, they give estimates of the

7.10°° cm 257! GeV at a 5-sigma significance, or, in the probability of detection of gravitational waves by the ad-
absence of a signal, place a 90 % c.. limit at a levelvanced LIGO system from the different GRB scenarios.

E2.dN/dE=2.10 % cm 25! GeV. A diffuse E~2 flux Sigurdsson continued work on exploring astrophysical
would be detectable at a minimum strengthB# dN/dE ~ Sources of gravitational radiation under the auspices of the
=1.108 cm 2 s sr! GeV. A gamma-ray burst model NSF funded Physics Frontier Ceni@l Finn).

following the formulation of Waxman and Bahcall would
result in a 5-sigma effect after the observation of 200 burstg 3.2 computational Astrophysics

in coincidence with satellite observations of the gamma-rays, . .
g y 3.3.2.1 First StarsThe department hosted a three day inter-

3.3.1.10 Numerical Relativifyhe Penn State numerical rela- national conference with the title “First Stars 11" organized
tivity group was established to explore the computationaby Abel. Some seventy experts in the field of primordial star
aspects of General Relativity and its applications toformation, stellar evolution, metal poor stars, and structure
Gravitational-Wave Astrophysics. The group members argormation gathered from around the world discussing the
affiliated with the Departments of Astronomy & Astrophys- progress made in the past four years after the first “First
ics, Mathematics, and PhySiCS under the Center for GraVitaStars” conference took place in Garching, Germany. The
tional Physics and Geomett(€GPQG and Center for Gravi-  talk contributions and some video footage is made available
tational Wave PhysickCGWP. For the last several years the online through the WWWhttp://TomAbel.com/Il).

”.‘ai” f(_)cus of the group's effort has been the nume_ricag_g_z_z Fragmentation of Primordial Gas Clou&$pamonti
simulation of the coalescence of binary black holes. Binary, d Abel studied primordial star formation by investigating

e ol e eXpecen 0 b o 1 he pimar 20u1= Shecooing processat otovibratonal nes and Colison

nduced Emission at the relevant high densities (£0
as LIGO, VIRGO, GEO600, TAMA and LISA. In the last —10%cm3, and whether they could affect fragmentation
year, the most S|gn|f|c§1nt milestone was the Iong—te_rm St‘T’mlﬁroperties of primordial protostellar clouds. The new con-
;?d glon\ll(erhgelnt e.volu|t|o.rt15 of awobplmg ?IathTIOIG n Whlf[:htinuum cooling instability they find does in a linear instabil-
ne I?jc 96; 5|zgu ?}”% W3/S excised from de coF;npu a"lty analysis not lead to further fragmentation. Consequently,
tiona 0”_“"“”_( or _etals tp://www.astro.psu.edu/nrRe- primordial stars should be isolated massive stars with no
cent publications include Laguné003, Sperhakeet al.

. binaries or planets around them. Full three dimensional cal-
gggg Tichy etal. (2003, and Laguna & Shoemaker culations are desirable and are made possible by the purely

local approximations to radiative transfer formulated by
3.3.1.11 Black HoleSigurdsson worked on modeling of the them.

effects of supermassive black holes in elliptical galaxies, ir‘t3 3.2.3 Cosmological Hydrogen Reionizatidging three di-
collaboration with Mihos, Holley-Bockelmann, Hernquist o ngional cosmological radiative transfer modeling and very

and Norman, a”O! a .separate bu.t rela_ted project on binarP{igh resolution cosmological smooth particle hydrodynami-
black hole dynamics in collaboration with Spurzemal. cal simulations Abel and collaborators have studied the

3.3.1.12 Gravitational RadiatioiKobayashi and Mgzaos reionization of hydrogen at high redshifts. The study by
investigated the gravitational wave emission expected fronBokasianet al. (2003 shows that to simultaneously fit the
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optical depths measured in high redshift quasars and the réhe physically infinite universe and an early advocate of he-
cent WMAP results require a boosted UV production rate petiocentricism. He advanced these models unobtrusively in
collapsed baryon at redshifts greater than six. A finding thail576 in an appendix to an almanac that was founded by his
seems in accordance with the top heavy initial mass funcfather and that was superficially based on politically correct
tions of primordial stars derived from ab initio numerical bounded geocentricism. Somehow Digges escaped serious
simulations. Using a similar methodology Sokasian, Abelpersecution from the time of the publication of his revolu-
and Hernquist argued that even at a redshift of three ongonary idea to the end of his life in 1595. This was a remark-
expects galaxies to contribute about the same amount as able achievement given the prevailing climate of intolerance.
guasars to the intergalactic ionizing background responsible Recent studies indicate that the full extent of Thomas
for keeping hydrogen ionized. sloppypar Digges work has gone unrecognized to this day. Not only
was he the first to propose an infinite universe, but evidence
with Yoshida, Hernquist and Sugiyama, Abel carried outexist_s_(Usher_ 2001, _ZOO)Zhat he was also the first to provide
very high resolution cosmological SPH simulations. TheirMPpirical evidence in support of the New Astronomy. It has

study confirms numerous previous findings obtained with thd®"9 been speculated that the Digges model of an infinite
Eulerian adaptive mesh refineme#®MR) hydrodynamical universe was backed by telescopic evidence, but heretofore
calculations relating the formation of the very first objects inn© Supporting evidence has been found either in the form of

the universe. They also show that the accretion history of af} telescopic relic or of data acquired telescopically. A paper
cosmological object has a large influence on the mass gelivered in January 1997 at the meeting of the AAS held in
needs to reach before molecular hydrogen cooling becometoronto, Canada, suggested that Shakespebfarsletwas
efficient. They reproduce these results with an analyticaf@mMng other thingsa cosmic allegory that specifically al-
model. Machacek, Bryan & AbgR003 show by means of Iudes_ to an infinite universe. _Shakespeare is known for accu-
complex three dimensional AMR simulations that an early@cY in matters of natural philosophy, and it seems unlikely
X—ray background influences first structure formation muctat both he and Thomas Digges would have risked reference

less as had been estimated in earlier analytic work. Thed the concept of physically infinite space, without good rea-

studies lay the ground work for allowing the expected num-SON- InPantometriaof 1571 Thomas Digges promised a full

ber of primordial supernovae and gamma ray bursts to paccount of Copernicanism, but owing to harassment that

estimated with a minimum of free parameters. These predic/Ork never appeared. However a consequence of the alle-

tions are underway and have been presented by Wise arprical hypothesis.is thgt Shakgspeare’s Canon might contain
Abel (2003 at three conferences this year. In these model§OM€ Of the promised information. o _
primordial, metal-free stars were one possible source of ion- "€ o papers cited above support that prediction. It is
izing photons. Their deaths is the most likely time observaCléar from the text oHamletthat by 157&:’ Thomas Digges
tions can be made. Therefore, they estimate the rate of the&9€W Of (i) the roughness of the Moon’s surfadé, the
supernovae on the sky. The main result is that we can expebfiases of Venusiii) the Great Red Spotiv) the resolution

to observe these supernovae at a rate of 0.65 /yr /atcmirP! the Milky Way into stars, as well a) sunspots andvi)
with a peak atz=25. UV radiation effectively diminishes the approximate number of naked eye stars. This information
primordial star formation at late times. could only have been acquired telescopically. Thus the be-

Implementing a phenomenological model of star forma-9inning of astronomical telescopy is pushed back by about

tion and feedback the first grid based calculations of cosmo3> Y&ars or more, to the third quarter of the sixteenth cen-

logical simulations of the formation of dwarf galaxies at high {UTY or earlier. _ _ _ o
redshift have been presented by Tassisl. (2003. The _ An unexpect_ed benefit of th|§ yvork is that it gives a plau-
authors find galactic winds to be ubiquitous and that a mas§iP/e €xplanation for the origin of the coined name

metallicity relation as observed locally is naturally obtained OPhelia.” It is probably a feminine rendition 0bp- as in
in these calculations. “opposite” plus helios the Greek word for “sun.” Hamlet's

beloved seems destined for a position complementary to the
royal Sun, but the tragedy is that misfortunes intervene.

3.3.2.4 Simulations of Early Structure Formatidiogether

3.4 Statistical Astronomy

Feigelson and Prof. G. Jogesh Balitatistics, Penn
State edited and published proceedings from their tf8te- _
tistical Challenges in Modern Astrononspnferences. These Aléxander, D. M., Bauer, F. E, Brandt, W. N., Schneider,
provide a cross-disciplinary forum for astronomers and stat- D- P» Hormnschemeier A. E, Vignali, C., Barger, A. J.,
isticians to discuss advanced methodologies for astronomical Broes: P- S, Cowie, L. L.,Garmire, G. P., Townsley, L.
research. They also continued a research enterprise, in col- K Bautz, M. W.,Charta_s, G. Sargent W. L. W. 2003,
laboration with Carnegie-Mellon University and CalTech, to 1€ Chandra Deep Field-North survey. XIll. 2 Ms

provide statistical methodologies for the Virtual Observa- point-source catalogs,” AJ, 126, 539 , , ,
tory. Ahrens, J.etal. (The IceCube Collaboration, including

Mészaos, P, & Razzaque, S.2003, “Sensitivity of the

IceCube Detector to Astrophysical Sources of High En-

ergy Muon Neutrinos,” Astroparticle Phys., in press
Usher continued his work on the history of astronomy. (astro-ph/0305196

Thomas Diggeg1546 - 1595 is regarded as the author of Asano, K., & Kobayashi, S.2003, “Dispersion of Break

PUBLICATIONS

3.5 History of Astronomy
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Energy in the Gamma-Ray Burst Internal Shock Model,”  Tran, H. D., Tsvetanov, Z. |., White, R. L., & Zheng, W.
PASJ, 55, 579 2003, “Faint Galaxies in Deep ACS observations,” ApJ,
Baganoff, F. K., Maeda, Y., Morris, M., Bautz, M. W,, in press
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