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The following review presents a set of highlights of the concentrated on massive stars, their evolution, collapse and
astrophysics work at Los Alamos National Laboratory cov-subsequent explosions. LANL scientists have modernized
ering the work from October 2002 through September 2003the Kepler stellar evolution code and have studied the effects

of new nuclear burning rates on the evolution of massive
1. FOREWORD stars. Coupling these results with collapse calculations using

Astrophysics at Los Alamos National LaboratdtANL ) 2-d_|men5|onal and 3-dimensional SN_SPH codes, LANL sci-
entists have been able to better outline the fates of massive

covers a range of disciplines, groups, and divisions. As as—t ¢ o h ; burst
trophysics is not an official “mission” of the laboratory, zalrls ) romlsulpf[a_rnov;;, 0 ?/perr;rJva,doLgilnljma_-rai/_ turts.
very few staff-scientists work full-time on astrophysics. oflapse caiculations have also aflowe scientists to

However, LANL boasts over 50 scientists spendind5% better constrain the gravitational waves from the final stages

S X . ... of these stars’ lives.
of their time working on astrophysics. Many more scientists . .
9 PRy y In  supernovae, LANL also simulated the first

had dissertation topics in astrophysics and are now Workiné% di ional losi f el I lculati
on projects related to national security. Astrophysicists are,_ imensional explosions from stefar coflapse, calcuiating
the mixing of the ejecta produced by the explosive nucleo-

trained in many of the skill requirements for these projects ) L S
and make ideal scientists for LANL “mission” projects. As- synthesis. LANL scientists W_orkgd on the dust formation in

trophysics also serves LANL by highlighting both instrumentthese explos_|ons. The physics in the_ compact remnants of
and computational advances at the lab. For both these reEP—es'e explosions have also been studied, with particular em-

sons, astrophysics plays a continued and vibrant role arqha5|s on the possibilities of quark condensation in thg neyvly
LANL. ormed neutron stars. On gamma-ray bursts, LANL scientists

studied the neutrino driven mechanism behind the collapsar
gamma-ray burst engine. These theoretical studies comple-

2. SCIENTIFIC ACCOMPLISHMENTS ment much of the experimental astrophysics research at
SEPT. 2002 - SEPT. 2003 LANL.

2.1 Computational Astrophysics

The bulk of the theoretical work at LANL involves large- 2 2 Experimentation and Observations
scale computation and the development of theoretical tools
necessary for these calculatiofsich as material equations  LANL is involved in several major instrumentation
of statg. Most of these calculations utilize a variey of stellar projects with team members froma round the world. These
evolution and multi-dimensional parallel radiation hydrody- instruments include the Sloan Digital Sky Survey to rapid
namics codes both brought to the lab by incoming scientistslewing telescopes such as ROTSE and RAPTOR to high
or developed at LANL and modified to attack astrophysicsenergy satellites and ground based observatories: XMM,
problems: e.g. UCSC'’s Kepler code, LSU’s uniform meshHETE, Swift, EGRET, and Milagro. LANL scientists are
hydrodynamics, LANL/SAIC RAGE adaptive mesh refine- active in both designing hardware and software for these
ment, and the LANL/UA/UCSC 2D/3D SNSPH smooth par- observatories and in directing the science in these projects.
ticle hydrodynamics. LANL is one of the world leaders in transient observations,

Scientists at LANL, collaborating with astrophysicists developing both rapidly-slewing telescopes and software and
across the world, are using these codes to model a variety @bmputational storage to manage rapidly variable data.
astrophysical phenomena from asteroid impacts, planet folRasearch Highlights This Year

mation and spectra of planets to stellar evolutior), X'rayGamma-Ray Bursts and High Energy Transieméth their
bursts, novae, supernovae, gamma-ray bursts, white dwaghkground in transient telescopes and high energy tele-

cooling, and the merger of compact binaries to the galactigyopes | ANL scientists are ideally poised to do a number of
center, black hole accretion disks, to primordial dwarf galaxysy dies of Gamma-Ray Bursts. From the first survey results

formation, globular cluster formation and cosmology. of HETE to the individual studies of GRBs in X-rays
LANL also does extensive work studying the detailed (XMM) and in the very high energy regimes using EGRET

physics necessary for these calculations from hydrogen equany milagrito, LANL scientists have continued to push for-

tions of state, to photofand neutring opacities and equa- \yard our understanding of these objects.

tions of state for planets, white dwarfs, and neutron stars. | AnL scientists have also studied X-ray transients for

LANL astrophysicists are also developing new COmputelyints into gamma-ray burst explosion characteristics. LANL
tools from state-of-the-art Beowulf clusters to d'St“b“tedscienctists have assembled archival data from Avriel-5,
disk arrays to store, and allow quick access to, datso a0 1(A-1 and A-2, WATCH, ROSAT, and Einstein to
applicable for the National Virtual Observatory produce a global fluence-frequency relationship for fast
Research Highlights This Year X-ray transients. The sources of fast X-ray transients are
Stellar Collapse:Most of the publications this year have undoubtedly heterogeneous, representing several physical
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phenomena, but the two major contributions come fromFalcone, A.et al, 2003, “Observation of GeV Solar Ener-
gamma-ray bursts and stellar flares. getic Particles from the 1997 November 6 Event Using
X-ray Studies:As part of the XMM team, LANL scien- Milagrito,” ApJ, 588, 557-565.
tists have been part of a number of X-ray observations beFryer, C. L., Heger, A., Langer, N., Wellstein, S., 2002,
yond gamma-ray bursts. They have studied the X-ray emis- “The Limiting Stellar Initial Mass for Black Hole Forma-
sion from Seyfert galaxies, difuse X-ray emission from M31, tion in Close Binary Systems,” 578, 335-347.
and discovered the first X-ray binaries in M31. LANL scien- Fryer, C. L., Meszaros, P., 2003, “Neutrino-driven Explo-
tists have used the time-dependent features of XMM to stud- sions in Gamma-Ray Bursts and Hypernovae,” ApJ, 588,
ied the pulsed X-ray emisions from pulsar JO52B17. L25-1.28.
The many scientists at LANL have observing programsGonzalez, M. M., Dingus, B. L., Kaneko, Y., Preece, R. D.,

well beyond those highlighted here, including MACHO ob-  Dermer, C. D., Briggs, M. S., 2003, “A gamma-ray burst
Servations, SDSS white dwarf Observations, and studies of with a high-energy Spectra| Component inconsistent with

variable stars. the synchrotron shock model,” Nature, 424, 749-751.
Habib, S., Heitmann, K., Jungman, G., Molina-Paris, C.,
3. CONFERENCES SUPPORTED BY LANL ggOié;;‘;he Inflationary Perturbation Spectrum,” PhRVL,

LANL supports a number of astrophysics workshops anq_|
meetings in New Mexico. Meetings and workshops sup-
ported by LANL from September 2002 to September 2003 Their Life,” ApJ. 591, 288-300
WerOe'“SFOS Cosmology Workshop”July 7-25, Santa Fe Hungerford, A. L". Fryer, C. L, Warren, M. S., 2003,

organizer S. Habil§T-8, LANL) ' ' ;GimSn;j-zz)(l) AI,_(I)geS from Asymmetric Supernovae,”
pJ, , -403.

eger, A, Fryer, C. L., Woosley, S. E., Langer, N., Hart-
mann, D. H., 2003, “How Massive Single Stars End

http://t8web.lanl.gov/people/salman/sfO3/. . . .
® “Physics and Astrophysics of Neutron StarsJuly Kehoe, R.et al, 2003, “An Untriggered Search for Optical

28 - August 1, Santa Fe, organizers R. Epstails-2, K Bubrsts,” épJF; 5727608345"352' lactic M ic Fields.”
LANL), C. Fryer (T-6, LANL), S. Reddy (T-16, “I’D”h erg*T e o ntergalactic Magnetic Fields,
LANL ) http://neutron-stars.lanl.gov/. ys. loday, 55, 40-46.

® “30 Years of Discovery: GRB symposiumSeptem- Mason]; K O.elt al. ZOOIS” .“The X.-Ray Spectrum gf thbe
ber 8-12, Santa Fe, organizer E. FenimgNiS-2, Seyfert | Galaxy Markarian 766: Dusty Warm Absorber

LANL) http://grb2003.lanl.gov. or Relativistic Emission Lines?,” ApJ, 582, 95-104.
Mason, K. O., McHardy, I. M., Page, M. J., Uttley, P., Cor-
dova, F. A., Maraschi, L., Priedhorsky, W. C., Puchnare-
PUBLICATIONS wicz, E. M., Sasseen, T., 2003, “XMM-Newton Observa-

The publication list includes all refereed papers published tions of a Possible Light Echo in the Seyfert 1 Nucleus of
between September 2002 and September 2003 by the LANLNGC 4051,” ApJ, 580, L117-L120.

Staff or Postdocs. McGowan, K. E., Charles, P. A. 2003, “ MACHO photom-
Akerlof, C. W., et al, 2003, “The ROTSE-IIl Robotic Tele- etry of two Large Magellanic Cloud Be X-ray transients,
scope System,” PASP, 115, 132-140. EXO 0531-66 and H 0544-665,” MNRAS, 335, 941-947.

Alford, M., Reddy, S., 2003, “Compact stars with color su- McGowan, K. E., Charles, P. A. 2003, “On the stability of
perconducting quark matter,” Phys. Rev. D, 67, 4024. the 421-d periodicity in A0538-66," MNRAS, 339, 748-

Atkins, R. et al, 2003, “The High-Energy Gamma-Ray Flu-  756.
ence and Energy Spectrum of GRB 970417a from ObseMcGowan, K. E., Kennea, J. A., Zane, S., Cordova, F. A,,
vations with Milagrito,” 2003, ApJ, 583, 824-832. Cropper, M., Ho, D., Sasseen, T., Vestrand, W. T., 2003,

Arefiev, V. A., Priedhorsky, W. C., Borozdin, K. N., 2003,  “Detection of Pulsed X-Ray Emission from XMM-
“Fast X-Ray Transients and Their Connection to Newton Observations of PSR J0588817,” ApJ, 591,
Gamma-Ray Bursts,” ApJ, 586, 1238-1249. 380-387.

Barnard, R., Osborne, J. P., Kolb, U., Borozdin, K. N., 2003 Miller, W. A., George, N. D., Kheyfets, A., McGhee, J. M.,
“RX J0042.3+4115: A stellar mass black hole binary 2003, “Off-Axis Neutrino Scattering in Gamma-Ray
identified in M 31,” A&A, 405, 505-511. Burst Central Engines,” ApJ, 583, 833-841.

Barraud, C.et al, 2003, “Spectral analysis of 35 GRBs/ Milne, P. A., Wells, L. A., 2003, “Did Supernova 1989B
XRFs observed with HETE-2/FREGATE,” A&A, 400, Exhibit a Light Echo?,” AJ, 125, 181-187.

1021-1030. New, K. C. B., 2003, “Gravitational Waves from Gravita-

Borozdin, K. N., Trudolyubov, S. P., 2003, “Observations of  tional Collapse,” Living Reviews in Relativity. 6, 2.
the X-Ray Afterglows of GRB 011211 and GRB 001025 Nishimura, K., Peter, G. S., Li, H., 2002, “Whistler anisot-

by XMM-Newton,” 583, L57-L61 ropy instability: Wave-particle scattering rate,” Journal of
Cox, A. N., 2003, “A Pulsation Mechanism for GW Virginis Geophysical Researdi$pace Physigs107, SMP 18-1.
Variables,” ApJ, 585, 975-982. Ransom, S. M., Eikenberry, S. S., Middleditch, J., 2002,

Deneault, E. A.-N., Clayton, D. D., Heger, A., 2003, “Su-  “Fourier Techniques for Very Long Astrophysical Time-
pernova Reverse Shocks: SiC Growth and Isotopic Com- Series Analysis,” AJ, 124, 1788-1809.
position,” ApJ, 594, 312-325. Rauscher, T., Heger, A., Hoffman, R. D., Woosley, S. E.
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2002, “Nucleosynthesis in Massive Stars with Improved “Correlated multiwavelength emission from the X-ray-
Nuclear and Stellar Physics,” ApJ, 576, 323-348. bright Seyfert galaxy Il Zw 2,” MNRAS, 335, 177-188.
Raymond, S. N., Szkody, P., Hawley, S. L., Anderson, S. F.Steiner, A. W., Reddy, S., Prakash, M., 2002, “Color-neutral
Brinkmann, J., Covey, K. R., McGehee, P. M., Schneider, superconducting quark matter,” Phys. Rev. D, 66, 4007.
D. P., West, A. A., York, D. G., 2003, “A First Look at Trudolyubov, S. P., Borozdin, K. N., Priedhorsky, W. C.,

White Dwarf-M Dwarf Pairs in the Sloan Digital Sky Sur- ~ Osborne, J. P., Watson, M. G., Mason, K. O., Cordova, F.

vey,” AJ, 125, 2621-2629. A., 2002, “The Discovery of a 2.78 Hour Periodic Modu-
Sakelliou, I.et al, 2002, “High resolution soft X-ray spec- lation of the X-Ray Flux from Globular Cluster Source

troscopy of M 87 with the reflection grating spectrometers B0 158 in M31,” ApJ, 581, L27-L31.

on XMM-Newton,” A&A, 391, 903-909. Woosley, S. E., Heger, A., Weaver, T. A., 2002, “The evo-
Salvi, N. J., Page, M. J., Stevens, J. A., Wu, K., Mason, lution and explosion of massive stars,” Reviews of Mod-

K.O., Aller, M. F., Aller, H. D., Trasranta, H., Romero- &M Physics, 74, 1015-1071.

Colmenero, E., Cordova, F. A., Priedhorsky, W. C., 2002, Chris Fryer



