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This report is for astronomy-related research at Los Alamoshus got a space mission—the Vela satellites—which carried
National Laboratory covering the period 1 July 1997 throughsensors for energetic particles and gamma-rays into earth or-

30 June 1998. bit. These satellites discovered the still-enigmatic gamma-ray
burst sources, and have led to a series of ever more sophis-
1. FOREWORD ticated sensors and satellite missions. The ALEXIS satellite,

The Los Alamos National Laboratory is operated by thedesigned, built, and operated at Los Alamos, continues to
University of California for the U.S. Department of Energy Monitor the sky in ultrasoft X-rays or the extreme ultraviolet.
under contract No. W—74105—-ENG—36. The Laboratory is Other descendants of Vela include scientific instruments
located in northern New Mexico, in the Jemez Mountains aPn missions throughout the solar system, and suites of satel-
altitudes ranging between 6400 and 8700 feet above sdifes that have studied and thoroughly characterized the mag-
level, and occupies roughly one hundred square miles of suffétosphere and solar wind. High energy astrophysics at Los
face area, most of which is a forest of pm juniper, and Alamos has also (_jeveloped a ground—based component in the
ponderosa pine, divided by rocky canyons. It lies adjacent t&YGNUS and Milagro ultra-high energy gamma-ray tele-
the western district of the Santa Fe National Forest. scopes. These detectors extend traditional Los Alamos capa-

More than 100 scientists at the Laboratory have an astrdilities in nuclear and particle physics into an area of increas-
physics background or maintain an active research interest iR astrophysical importance. - S
astrophysics. Much of the astrophysical research reported L0S Alamos has an impressive array of scientific comput-
here was done by staff members whose primary work is irf'S: State-of-the-art laboratory facilities in a wide variety of
various programmatic areas. The Laboratory encourages sdields are also available to Los Alamos scientists. These in-
entists to continue doing basic research in their areas of sp&lude, for example, vacuum plasma chambers for simulating
cialty in addition to their programmatic responsibilites. ~ SPacecraft charging processes and laboratories for fabricating

Section 2 describes the development of astrophysics 6§tpace1fllght—qual|f|ed hardware for part|c_le, field, and photon
Los Alamos and the resources presently available to Lo§€tection. Advanced pulsed power devices can also be used
Alamos researchers. In Section 3 are the research contrib{@ Simulate extreme conditions of matter in certain astro-
tions, ordered roughly by subject matter. Finally Section 4nomical objects.
lists Los Alamos astrophysics publications appearing during 1he broad diversity of expertise of the Laboratory’s sci-
the year under review. entific staff is a very important resource. Astrophysicists at

More current information on astrophysics at Los Alamos,the Laboratory can get state-of-the-art information in hydro-
including INPAC, Fenton Hill Observatory, and the various dynamics, nonlinear dynamics, particle physics, nuclear
groups in which astrophysics is done, may be obtained fronPhysics, numerical analysis, and many other disciplines.
the Los Alamos Astrophysics web site, http://
laastro.lanl.gov/. 2.1 INPAC and Fenton Hill Observatory

2. LABORATORY FACILITIES AND BACKGROUND In June 1995, the University of California established the

The primary mission of the Los Alamos National Labora- Institute for Nuclear and Particle Astrophysics and Cosmol-
tory has been the development and testing of nuclear weapgy (INPAC), involving seven campuses and the three na-
ons, and the subsequent evolution and maintenance of thmnal laboratories operated by the Universiiyawrence
stockpile. The Laboratory began expanding beyond that pritivermore National Laboratory and Lawrence Berkeley Na-
mary mission already in the late 1950’s in order to maintaintional Laboratory, in addition to Los Alampswith the aim
the diversity and vigor of the scientific talent here and toof establishing campus-laboratory collaborations in the field
ensure the ability to recruit new researchers. The computasf astro- particle physics. Many of the research projects re-
tional power available here has since been applied to sciemported on here are subjects of great interest to INPAC.
tific endeavors of more academic or civilian interest, in fields With the help of UC collaborators, the Los Alamos
ranging from biology to information sciences. branch of INPAC has begun a project to establish a modest

Astrophysics, starting with stellar structure and violentastronomical observatory on Forest Service land at Fenton
activity in stars, has always been a natural interest for Lo#ill in the Jemez Mountains, with research aimed chiefly at
Alamos scientists because weapons designers were well aifte detection and monitoring of transient astronomical
quainted with the energy source for the stars, and the assseurces; it will also serve as the focus for the development of
ciated opacities and equations of state. Explosions in stamsducational programs targeted to secondary schools in New
(novae and supernovaehallenged the physics in the bomb Mexico and elsewhere.
codes, and the resulting advances in computational methods The site, about 35 miles west of Los Alamos, is at a
served the interests of both civilian and defense science. longitude of 106° 40W, a latitude of 35° 53N, and an altitude

With the Limited Test Ban Treaty of the early 1960’s, the of 8680 feet, relatively dry, and very dark. There is no line of
weapons laboratories were called on to provide means tsight to any city. Between Fenton Hill and Los Alamos are
prove that no weapons would be tested in space. Los Alamdke peaks of the Valle Caldera, most over 10000
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feet. Sandia Crest, the mountain overlooking Albuquerquén the globular cluster M15 have been investigated assuming
some 60 miles away, is visible from Fenton Hill, in the first case that slow convective overshoot and in the
The site was used for many years by the Los Alamos Hotecond case slow accretion of interstellar matter can change
Dry Rock geothermal project. Very deep wells conductedthe composition structure of these two stars enough to com-
water down to a source of heat, through it, and then back upletely explain their observed period changes. A particular
to the surface for a significant energy gain. The heated watgsroblem with the RR Lyrae variable is that the two modes
was then passed to heat exchangers for the extraction ehange periods in opposite directions, almost surely ruling
power. The Department of Energy has terminated the Hoput a simple, but unreasonably rapid radius change. The
Dry Rock project, and the site is now available for othermechanisms discussed in an Astrophysical Journal paper in-
uses. clude the slow gravitational settling of helium over the life of
There is a good quality paved road to the edge of the sitg star, dredge-up of helium by convection overshoot, mass
(an hour’s travel from Los Alamgsand graded roads within |oss, the accretion of a similar composition interstellar matter
the site. The developed area consists of about 30 acres, fairfy deepen a preexisting composition gradient, tidal distor-

flat, part of a triangular thinly forested ridge about half ations and composition mixing by stellar encounters, and ro-
mile wide at its base and extending to the southwest a disgtion mixing if a star spins rapidly enough.

tance of about 3 miles. Los Alamos National Laboratory has  For almost eight years, Co@-6) has been revising the

had a long-term use agreement with the Forest Service fahmous handbook Astrophysical Quantities by C. W. Allen.
the developed 30 acres, and could potentially acquire thehe manuscript is now finished for 27 chapters, 706 text
rights to use some other portions of the ridge, which has @ages, 411 tables, and 86 line drawing figures. There are 91
graded Forest Service road along its length. A new interyythors for entire chapters or just short sections. Springer in
agency use agreement that specifically permits the develogew York will publish the book near the end of 1998. The
ment of an astronomical observatory was formalized in latymerican Astronomical Society sponsored the creation of
1997. ) this fourth edition.

The developed site has power, water, phone, and an eth- j o Guzik (XTA) continued her work on solar structure
ernet(T1) link to Los Alamos. There are several buildings, ang helioseismology, and presented an invited review at the
including conference rooms, a well-equipped machine shopsoHO-5/GONG'98 workshop in Boston in June 1998.
a heavy-equipment shop, a warehouse, dormitory trailers and ik also worked with GRA Matthew TempletaiNew
data acquisition trailers. In addition there are some towergjexico State U. on pulsations of delta Scuti variable stars;
that may _be useful for instrument depl_oyment platforms.  \\ith XTA postdoc Anthony Kaye on determining the pulsa-

The Milagro gamma-ray telescope is already under conion mechanism for gamma Doradus variable stars; and with
struction on Fenton Hill in a 5-million gallon pond used by Arthur N. Cox (T-6) and UGS Kate DespairiBrigham
the Hot Dry Rock project in its early days. Milagro will be Young U) on hydrodynamic modeling of the envelopes of

augmented by several wide-angle Cerenkov telescopg§,minous Blue Variables. The luminous blue variable re-
(WACT) to study the composition of cosmic rays. The RO-g 15 were presented in invited talks at IAU 169 in Heidel-

botic Optical Transient Search ExperimeROTSB tele- o0 Germany in June 1998, and at a workshop on Eta Cari-
scopes will be installed at Fenton Hill when their debuggmg,nae in Montana in July, 199@roceedings in preparatinn

n thﬁlor\'\pl);ecsgnt'sne at tf|1e LozAIamos Ne%triz SC|relnce .Celn- Robert Deupre€DX-7) performed both 2D evolutionary
ter ( ), is complete. An automate -Inch optica and 2D hydrodynamic simulations of rotating stars, focusing

telescope, the Research and Education_ Auto_matically Coan the amount of convective core overshooting and the an-
trolled Telescope(REACT) are proceeding with a target gular momentum distribution in the convective cores of mas-

completion date of fall 1998. Other instruments are expecte ive core hydrogen burning stars. The conclusions to date

tp be 'nSta”ed supseq_uently as a rgsult of other Cona.bora\hdicate that all models show convective core overshooting,
tions W'th the Unlveilrsn%/ Of. Cahfornt;a, and NeW. Me>§|co fWith more overshooting for slower rotation. The amount of
e e veshootng ranges fom sbot 0.2 1o 0 pressure scal
P " heights beyond the formal boundary of the convective core.
The angular momentum distribution in the convective core
3. RESEARCH appears to fit a power law in the distance from the rotation
axis, as long as a cutoff at small distances from the rotation
axis is imposed. Deupree received a NASA Theory Program
Many intrinsic variable stars display period changes thagrant this year to continue this work.
seem to be too rapid or of the wrong sign to be attributed to Paul Bradley(XTA) is working on seismology of the hy-
a radius change caused by normal stellar evolution. Coxlrogen atmospheréDAV) white dwarfs. Bradley used his
(T-6) has investigated whether these period changes could recently published grid of pulsation periods for evolutionary
due to a changing composition structure in the outer stellaDA models to fit the observed periods of the white dwarfs
envelope where pulsation periods strongly sense the stell& 117-B15A and R 5481998, ApJS, 116, 307 These two
structure. A composition gradient in hydrostatic equilibriumwhite dwarfs have masses between 0.55 andM &0 con-
will cause a density gradient different from that for an enve-sistent with the spectroscopic mean mass of white dwarfs in
lope with a homogeneous composition. The Cepheid variablgeneral. The favored hydrogen layer mass for both stars is
star Polaris and a double mode RR Lyrae variable($t88)  about 10*M.., but masses near 16M_. cannot be ruled

3.1 Structure of the Sun and Stars
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out. He is presently applying this grid of models to two morerapidly-spinning pulsars — those with true millisecond peri-
white dwarfs, L 19-2 and GD 165. Adding these two starsods — could be produced in a supernova explosion, rather
will help decide if there is a hydrogen layer mass common tahan by being recycled through a binary system possibly bil-
all DAV white dwarfs or if there is a range of hydrogen layer lions of years later.

masses. Answering this question is important, because it af- SN1987A and the stellar dynamics of the globular clusters
fects the cooling history of white dwarfs and also how whiteoffered the clue necessary to solve this puzzle. It is now
dwarf progenitors lose mass in the planetary nebula phase tiiought, thanks to Phillippe Podsiadlowski and others, that

their evolution. SN1987A was produced by the merger of the white dwarf
cores of two massive stars. This would certainly explain the
3.2 Supernovae blue supergiant progenitor, the extreme mixing of the ele-

ments, the rings, and, finally thgmplied] very fast, but
weakly magnetized pulsar remnant. Certainly, the 2.14 ms

thelf of GSFC, and D. Q. Wang of Northwestern U., J. Mid- . . . : )
. ! ' pulsar candidate discovered by Middleditch and his collabo-
dleditch (CIC-19) took a look at XTE data from SN1987A rators in SN1987A is consistent with this picture, since the

wiih his Los Alamos-based software, just to make sure noth air of progenitor white dwarf cores would not contain much

ing was being missed prior 1o the data being made public. @e due to the timescale of the binary coalescence and core

62.055 Hz signal with higher harmonics consistent with amerger, and would thus not be strongly magnetized, in spite

very sharply-peaked pulse was found in 6 hours of XTE dat%f their high specific angular momentum. The timing irregu-

gc&rz SCIObteL’ 19_97.tTheI_S|gpaIDwas ths n found in other XTEIarities associated with the 2.14 ms signal are also consistent
ata taxen Just earlier In December. with more moderate and longer-persisting ‘“sloshing” of
Subsequent analysis of ASCA data by Goithelf and Wan%wen and Lindblom. Meanwhile the mechanism by which

ﬂ:g?:;teﬁr:he Shoijgcexﬁéhsgxlsed X-ratys tg the IS_llil/ll(:Sg?'\IARthe globulars produce their overabundance of ms pulsars is
(aithough the was centered on ‘clearly via white dwarf-white dwarf mergers resulting from

|)t(s 1* Fov ad.m';[.tlfdl s?r:/eral otther StNR’SThUS t:]efpulsed the binary-binary collisions of late-type, low mass stars, re-
“ray Sﬁ.urﬁeelsttr'] Tfy devceu ron t's artrzn:nabn ofa Sip(?(;_ ulting in Type IB supernovae. This scenario is further cor-

nhova which 0lthell and Yvang estimated 10 be Some 2,Uy, 4 416 by the absence of pulsars in globular clusters with

years_olq, based on their previous study using ROS.AT dgt pin periods shorter than 2 nidetermined, according to S.

Thg timing age of the_ pulsar_, dgrlved from the ratio of its Colgate, by the branching of the Maclaurin-Jacoby instabil-

period to twice the period derivative, was about 5,000 years; y in the white dwarf-white dwarf merger process

meaning that the pulsar had been born with a spin period o? So now the picture of ms pulsar formation is nearly com-

only 7 milliseconds. Previously, “traditional” theories had ; : :

saiéll that no pulsar could be bgrn spinning faster thafoo plete. There are probably some instances in which ms puIsQrs

H d th tpth | ith _”_p g iod e are produced via recycling of old neutron stars through bi-
£, and that Ihe pulsars with mifisecond perio S“WQ ,, hary systems, but clearly, most of the ms pulsars in globu-

spun up via accretion from material donated by a “normal lars, and the pulsar remnant in SN1987A were born in

binary companion star. A recent twist on this picture ad'“oriéinal spin” — with ms periods — through the core

vanced by B. Owen, L. Lindblom and their collaborators hasmerger process.

TOI V‘?““? _ne_utron stars, perhap_s born .spinning rapidly, The paper on the 2.14 ms candidate in SN1987A is un-
sloghlr?g |n3|d¢ gnd .thus producing copious amounts Ofdergoing final revision foNew Astronomy
gravitational radiation in order to slow to 100 Hz by one
year of age.

Cracks in the traditional theory had already been apparen
for a decade, ever since Middleditch and collaborators dis- Richard EpsteiiNIS-2) worked with Bennett LinkKMon-
coveral a 3 mspulsar in the globular cluster, M28, to be tana State Universijyand Lucia M. FrancdUniversity of
followed by the discovery of several dozen more pulsars inChicagg to investigate starquake-induced magnetic field
globular clusterg10 in 47 Tuc along The great abundance changes in neutron stars and the resulting and torque evolu-
of ms pulsars in the globulars, coupled with the scarcity oftion. The persistent increases in spin-down faiéfset$ seen
their supposed progenitors, the X-ray binaries, in the sam& accompany glitches in the Crab and other pulsars suggest
set of clusters, was difficult to reconcile. Still, many astro-increases in the spin-down torque. They interpret these off-
physicists clung stubbornly to the traditional theory, in spitesets as due tgtarquakesoccurring as the star spins down
of this growing disparity and the mounting evidence for theand the rigid crust becomes less oblate. They studied the
lack of any strongly-magnetized, moderately rapidly spin-evolution of strain in the crust, the initiation of starquakes,
ning ( ~ 60 Hz pulsar in the remnant of Supernova 1987A. and possible consequences for magnetic field and torque

With a magnetic field of just under a teragauss, the pulsaevolution. Crust cracking occurs as equatorial material
J0537-6910 in N157B now clearly indicated that the weakeishears under the compressive forces arising from the star’s
the magnetic field at birth, the more rapidly spinning thedecreasing circumference, and matter moves to higher lati-
pulsar at birth — a very simple and obvious notion whichtudes along a fault inclined to the equator. They found that a
academia had long rejected in favor of more complicatedstarquake is most likely to originate near one of the two
scenarios. Thus, in light of this “new” understanding of points on the rotational equator farthest from the magnetic
pulsar formation, if there was a way to produce a neutron stapoles. The material breaks along a fault approximately
with a very weak magnetic field at birth, then the veryaligned with the magnetic poles. They suggested that the

In collaboration with F. Marshall, W. Zhang, & E. Got-

.3 Neutron Stars
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observed offsets come about when a starquake perturbs the Fenton Hill ObservatorfDon CaspersoiiNIS-2), Galen
star's mass distribution, producing a misalignment of the anGisler (NIS-2), Todd HainegP-23, Guthrie PartridgéNIS-
gular momentum and spin axes. Subsequently, damped prg}, Cathy PleskaNIS-2), Jim Wren(NIS-2), Chad Young
cession to a new rotational state increases the amgbe-  (P-23). Astronomical surveys for the new observing site at
tween the rotation and magnetic axes. The resulting increageenton Hill (106 degrees, 40 minutes, 23 seconds West lon-
in external torque appears as a permanent increase in thftude, 35 degrees, 52 minutes, 50 seconds North longitude,
spin-down rate. Repeated starquakes would continue to ire641 meters elevatiorwere performed, and a concrete pad
creaser, making the pulsar more of an orthogonal rotator. with telescope piers was installed in the spring of 1998.
Power and ethernet were run to the pad, and a small building
to house electronics was placed. A camera for recording day-
time cloud cover has been running on the site since Novem-
Anthony. L. PeratiXPA) and Gerrit L. Verschuur, Uni- ber 1997, saving images every half hour to the website http:/
versity of Memphis, are working on the critical-ionization- laastro.lanl.gov/fhol/.
velocity effect in the interstellar medium. Observations of REACT (Don Casperson, Galen Gisler, Guthrie Partridge,
neutral hydroger{Hl) emission profiles produced by gas in Cathy Plesko, Jim Wrefall NIS-2), Chad Young(P-23,
the local interstellar medium are found to be characterized b¥hil Lubin (UCSB), Carl PennypackefUCB)). The Re-
four linewidth regimes. A striking coincidence exists be-search and Education Automatically Controlled Telescope
tween these linewidths and the magnitudes of the criticalREACT) was installed at the Fenton Hill Observatory site in
ionization velocities of the most abundant atomic species iddune 1998. A remotely operable dome from Technical Inno-
interstellar space. The data relate to observations near neutnations was erected on the new FHO pad and the telescope,
hydrogen clouds that are filamentary in morphology, the gea beefed-up and refurbished Celestron C-14 from Epoch In-
ometry most often associated with magnetic fields in criticalstruments, was installed. First light with the telescope was
ionization velocity theory. June 18th, during an Earthwatch Institute Student Challenge
Awards Program campaign, with eight high school students
from around the US participating. Software integration of the
telescope and dome continues, with the goal of performing

James Terrel(NIS-2) has continued analyzing satellite routine automated and remote operations, and supplying im-
gamma-ray burst data from seven Air Force DMBRfense  a9es to schools via the Hands-On Universe program.
Meteorological Satellite Progranspacecraft, together with ~ Earthwatch Campaign, “Transient Phenomena in Astro-
Ray Klebesadel, John Lar¢sniversity of Arizona, and Jim  Physics (Don Casperson, Galen Gisler, Guthrie Partridge,
Griffee (Sandia National LaboratoyyTwo of thesgDMSP  Cathy Pleskaall NIS-2), Todd Haines(P-23, with the as-

13 and DMSP 1ptare currently in use, in 800-km altitude Sistance of Donna Powell(Crownpoint, NM Middle

orbits. Many bursts have been detected and analyzed, usuaf§ehoo)). For the second year, we hosted a Student Chal-
in coincidence with other satellites such as GRO, Ulyssedenge Awards Program from the Earthwatch Institute, funded
BeppoSax, or Konus/Wind. by the Durfee Foundation, on astronomical transient phe-

Especially good data have been obtained from the receftomena. The students helped with the development of the
very powerful gamma-ray burst on 27 August 1998Fenton Hill Observatory site, with the debugging of the RE-
(GRB980827, which saturated both counters on DMSP 13ACT telescope and dome, and with seeing measurements. In
and DMSP 14, and also triggered the high-time-resolutiorfddition they participated in a number of cultural events. The
circuits. The periodicity of 5.15 seconds was obvious, ast998 Earthwatch students were: Beth Brown, Jon Darvill,
were two peaks in the counting rate and a loh@®®00 se¢ ~ David Hamner, Matt Jones, Elyne Kahn, Corrie Lambrecht,
tail. Analysis of this burst is continuing and will result in a Dana Sadava, and Megan Wernke.
published paper if possible. Konstantin  Borozdin (NIS-2), Mikhail Revnivtsev,

ROTSE (Susan Amrose, Jeff Bloch, Don Casperson,Sergey Trudolyubov, Chris Shrader and Lev Titarchuk are
Sandy Fletcher, Galen Gisler, Donglai Gong, Dan Kocevskiworking on an X-ray spectra analysis of black-hole transients
John Szymanski, Jim Wrerall NIS-2), Carl Akerlof (U  using RXTE data in terms of bulk motion comptonization
Mich), Bob Kehoe(U Mich), Brian Lee (U Mich), Stuart model.

Marshall (Livermoreg, Tim McKay (U Mich)). The Robotic We present an analysis of the high-energy radiation from
Optical Transient Search Experiment installed its phase | inblack hole(BH) transients, using archival data obtained pri-
strument(consisting of 4 0.11-m aperture lenses and CCDmarily with the Rossi X-ray Timing ExploreiRXTE), and a
camerasat the LANSCE site in Los Alamos in the summer comprehensive test of the bulk motion Comptonization
of 1997, and began routine automated observations in MarcBMC) model for the high-soft state continuum. The emer-
1998. Several automated responses to gamma-ray burst aleggnt spectra of over 30 separate measurements of GRO
have been performed, and routine sky patrols of the entird1655-40, GRS 1915105, GRS 1739-278, 4U 1630-47
overhead sky down to 15th magnitude are carried out everXTE J1755-32, and EXO 1846- 031 X-ray sources are suc-
clear night. Over 1 Terabyte of data from this instrument hasessfully fit by the BMC model, which has been derived
now been archived at Los Alamos. The phase Il instrumentfrom basic physical principles in previous work. This in turn
a pair of Torus Optics 0.45-m telescopes, is presently beingrovides direct physical insight into the innermost observ-
checked out and debugged at the LANSCE site. able regions where matter impinging upon the event horizon

3.4 Interstellar Medium

3.5 Gamma-Ray Bursts and Other Transients
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can effectively be directly viewed. The BMC model is char- 3.6 X-Ray Astronomy
acterized by three parameters: the disk color temperature, a

geometric factor related to the illumination of the black h°|ePriedhorsky(aII NIS-2) performed long-term X-ray observa-
site by the disk and a spectral index related to the efﬁcienq{ions of Cyg X-3. For this study we have used publicly avail-

of the bulk motion upscattering. For the case of GRO J16555a data from the all-sky monitor aboard Rossi X-ray Tim-
40, where there are distance and mass determinations, a Sg{fy Explorer satellite. We found that the shape of the
consistency check of the BMC model has been made, ifightcurve for Cyg X-3 is quite stable against flux variations
particular, the assumption regarding the dominance of graviand can be satisfactorily described by the classical EXOSAT
tational forces over the pressure forces within the inner fewightcurve. However, the hardness dependence is different
Schwarzschild radii. We have also examined the time behavor high and low fluxes. These results provide some restric-
ior of these parameters which can provide information on thdions on the existing models of the system.

source structure. Using our inferred model parameters: color W. Priedhorsky, S. Brandt, K. Borozdiall NIS-2) are
temperature, spectral index and an absolute normalization w&orking on implementing an All-sky X-ray Camera on the

present new, independently derived, constraints on the bladRternational Space Station. A pinhole camera is an elegant

hole mass, mass accretion rate and the distance for the aforddt éffective approach to an x-ray all-sky monitor. It is an

mentioned sources. Also notable is the relationship betweeﬁIeal astrophysical instrument for the Space Station, because

the color temperature and flux, which for GRO J1655-40 iSlt does not require pointing, IS robust against contamination,

. o . o and requires modest resourdd®0 kg, 50 Watts, 10 kpbs
entirely distinct from a simpl@” dependence, and strikingly Nonetr?eless, it would be more ser?sitive than any pprevious

consistent with the d'_Sk m_odel we ha_v_e |r_1voked ) standarda”_sky X-ray monitor. By continuously monitoring the entire
Shakura-Sunyaev’s disk with the modification to the electron,,.cuited sky, this instrument would be sensitive to

scattering. This provides insight into the origin of the seedchanges at all timescales. Besides monitoring the brightest
soft photons, and allows us to impose an important estimafew hundred x-ray sources, including about a dozen active
tion of the hardness paramet&,, which is the ratio of the galactic nuclei, this instrument would be uniquely sensitive
color temperature to the effective temperature - we fiRd  to fast transients, unlike any scanning instrument. We would
= 2.6, higher than previous estimates used in the literatureaxpect to detect several hundred events per year with times-
Revnivtsev, M., Emelyanov, A. and Borozdin, K studied cales from a minute to a day, and better understand their
the RXTE observation of an X-ray outburst from CI Cam/ correlation with magnetic activity on nearby stars. We would
XTE J0421-560 system. The observations of X-ray tran- also expect to detect about 50 gamma-ray bursts per year and
sient XTE J042%560, which is an X-ray counterpart of locate them to 1 square degree, independently verifying the
symbiotic binary CI Cam, by RXTE experiments give a setBATSE sky dlstnbutlon..lssges involved in flying this ms?ru—
of important and unexpected results. The source attracte ent on the Space Station include the management of image

attention because of the unusually fast rise of its X-ray flux ata from a contmuogsly scanning 2-gI|menS|on§1I field, au-
tonomous determination of aspect using x-ray image data,

wh|c_h was followed by _an unusually fast decllr_le after thethe detection and exclusion of solar panel occultation from
maximum passagg. During 10 days of observations by PC’%he data, the optimum integration of a very wide-field instru-
and HEXTE experiments the flux from the source decreasef},ant onto an EXPRESS pallet, safety validation of already-
by more than two orders of magnitude. One interesting resulbjit hardware, and thermal considerations for a very low-
is the detection of a soft X-ray flare, which was not corre-power instrument. We conclude that Space Station is an
lated with the flux change in harder energy range. The sourcgtiractive platform to conduct wide-field x-ray astronomy.
spectrum in 3-150 keV band can be approximated by power-

law with an exponential cut-off at higher energies. The specy 5 Ultra-high-energy astrophysics

trum of this shape can be generated in the cloud of non-

thermalized optically thin plasma. The softening of the The Milagro Air Shower Detector: Cyrus M. Hoffman,
spectrum(or decrease of the effective temperajuséth the ~ Todd J. Haines, Richard S. Miller & Gus Sinrfall P-23,
decrease of flux has been mentioned. The emission linggalen GisleNIS-2), D. Berley, M.-L. Chen, D. Evans, J. A.
have been detected at energies 6.5-6.7 keV and around @°0dman, G. W. SullivarU. Maryland, College Paik S.

keV. The discovered shift of the 6.7-keV line to lower ener_Hugenber_ger, l. Leonor, A. Shoup, G. B. YodliC Irvine),
) ; . .M. Cavalli-Sforza(U. Autonoma Barcelona W. Benbow,
gies can be explained either as Doppler-effect for movin

gb. G. Coyne, D. E. Dorfan, L. Kelley, J. McCollough, M.

media, or as generation of another, 6.4-keV emission line irMoraIez D. A. Wiliams, T. Yang(UC Santa Cruz R
a cold cloud, the density of which evolved with time. If this £\sworth (éeo' Mason U L Fleysher, R. Fleysher A

is due to the Doppler-effect, then this is the second timeMincer, P. NemethyNew York U) B. Shen, A. Smith, T.
after SS433, when X-ray emission generated by relativistierymer, K. Wang, M. WasckdUC Riverside, A. Falcone,

jet plasma has been observed in our Galaxy. In this case thg. McConnell, J. Ryan(U. New Hampshirg B. Dingus, J.
cloud is observed at an angte 80° to the line of sight. The  McEnery (U. Utah. The Milagro air-shower detector is un-
appearance of the line near 8 keV is probably due to theler construction in the Jemez Mountains, about 35 miles
emission of highly ionized Ni or FK 4 line, and, as far as we west of Los Alamos, NM. Milagro will be the world’s first
know, is detected for the first time for Galactic sources.  high-duty-factor, large-aperture telescope for cosmic

Konstantin N. Borozdin, Steven P. Brumby, William C.
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gamma rays around 1 TeV. The detector will consist of 7500 get lighter(protong above the knee then these cosmic rays
photomultiplier tubes placed in a 500¢ movered pond lo-  probably have an extra-galactic origin, while if the composi-
cated at an elevation of 2640 m. Milagro will have an energytion gets heaviefiron), the source of the cosmic rays is most
threshold below 500 GeV and a muon detection area ofertainly within our own galaxy.
greater than 1500 fn Major objectives include searches for ~ The WACT collaboration will build an array of six Cer-
DC and transient point source emission of 1-TeV photonsgnkov telescopes to measure the lateral distribution of Cer-
and studies of solar phenomena such as energetic particikov light in extensive air showers. With additional infor-
emission. Potential transient sources include gamma-ragnation from the Milagro detectofmuon content and
bursts, active galaxies and evaporating primordial blackelectromagnetic shower sizéhe array will be quite sensitive
holes. In addition, the energy spectrum of known TeVto cosmic-ray composition. By using a "camera“ made of
sources(such as the Crab, Markarian 421, and Markarian~30 photomultiplier tubes to image the sky, WACT will
501) will be studied. In the late summer, 1996, a prototypeachieve the twin goals of a low energy threshaiécessary
detector, called Milagrito, was installed in the pond. to make a directly compare with the balloon and satellite
Milagrito had 228 photomultiplier tubes sitting on the Measurementsand a large aperturénecessary to make a
pond bottom covered with 1.5-m of water; it had the sameneasurement at higher energies where the flux is very.low
energy and angular response as Milagro, although it waSVver the past year we have obtained the mirrors for the tele-
smaller and had no muon detection capabilities. MilagritoSCoPes, begun manufacturing of the telescope mounts, and
took data from February, 1997 to April, 1998. The primarydesigned the electronics. We will begin civil construction
purpose was to perform prototype tests of the Milagro hargthis year and hope to have our first camera installed in 1999.
ware and to perfect reconstruction and analysis techniques.
In addition, the data from Milagrito can be analyzed for evi- 3.8 Solar energetic particles

den_cc_a of transient and steady emission f”‘bo"e 500 G_e\/_: over Robert C. ReedyNIS-2) has studied solar energetic par-
9 billion events were recorded. Preliminary analysis indi-

. . icles (SEP$ using both modern measurements and the
cates that emission from Markarian 501 has been observeq. . ;
. S . . Tunar-nuclide fossil record. Analyses of several sets of results
In spring, 1998, Milagrito was disassembled and the in-

. . . o determined from the nuclides made in lunar samples by SEPs
stallation of full Milagro detector began. At this writing, . di hat th fl f f N
nearly 700 photomultiplier tubes are deployed and the ponc'Jh| 'cate that the average fluxes o . SEPs for energies Inte-
contains over 2.5 million aallons of water: completion is grated above 30 and 60 MeV are fairly well determined. The

' 9 ' P lowest integral fluxes above these energies are those deter-

expected by fall, 1998 with data taking beginning soon therei’nined for the last 1-5 million years from stad#e (in a

after. Observations with Milagro are expected to continue forZ—Myr—oId rock), 3.7-Myr53vin, 1.5-Myr 2%Be, and 0.72-Myr
5'1(? yea_rs.R c " 26Al. The average fluxes increase with decreasing half-lives
oSmic-Ray LOomposttion for 0.30-Myr 36Cl, 0.10-Myr “!Ca, and 5730-yeal"C. The

. The WAC_:T(Wide-AngIg Cerenkov Telescopeollabora- highest fluxes of SEPs above 30 and 60 MeV are the average
tion (Gus Sinnis, Todd Haines, Cyrus M. Hoffm@oANL ), of those measured from 1954 to 1997

Jordan GoodmarUniversity of Maryland, College Park
Steve Stochaj, Tom Stephefdew Mexico State Univer-
sity), Guarang YodhUniversity of California, Irving, Don
Coyne, David Williams (University of California, Santa Stirling Colgate, Hui Li(both of T-6, John Finn(T-15),
Cruz, Brenda Dingus, Julie McEnery, Robert AtkiiSni-  Howard Beckley (NMT), Vladimir Pariev, Andy Nelson
versity of Utah) is studying the composition of high-energy (Univ. of Az) have proposed the hydrodynamic mechanism
cosmic rays. by which angular momentum is transported in accretion
Discovered at the turn of the century the origin and naturelisks, based on initial calculations and laboratory modeling.
of the cosmic radiation is still a source of debate. Due to arhis depends upon the excitation of Rossby vortices by large
steeply falling energy spectrum, the composition has beeradial gradients in entropy. The entropy gradient is created
directly measured up te- 100 TeV. Above that energy the by the trapping of heat as the thickness builds up before the
flux is too low to measure from high-altitude balloons or instability. This leads to a critical condition on thickness
space craft. To date no ground-based measurement has begibve which the non-linear transport will take place. The
performed within the energy range of these direct measurgormation of such disks in the formation of black holes in
ments. The necessarily indirect nature of the ground-basegalaxies leads to a natural circumstance for producing an
measurementgmeasuring properties of the extensive air— () dynamo with near infinite gain. Helicity is generated
shower after~ 20 radiation lengthsand the lack of a direct by star-disk collisions. The saturation or back reaction of this
confirmation of the validity of any ground-based techniquedynamo produces the AGN/quasar phenomena. The gener-
has led to continuing uncertainty in the cosmic-ray compo-ated magnetic flux explains the magnetic fields of the uni-
sition above 100 TeV. However, it is just at these energieverse. We have proven the helicity generation of plumes in
where knowledge of the cosmic-ray composition is most usethe laboratory. We have shown with a kinematic dynamo
ful. At energies near 5 PeyPeV = 10 eV) the all particle  code proof of principle of thex — Q dynamo.
cosmic-ray flux steepens. Knowledge of the composition Colgate(T-6) and Li (T-6 and NIS-2 have proposed a
across this featur@he "knee") will help determine the ori- paradigm for the energy flow in AGN accretion disks by
gin of the high-energy cosmic rays. If the composition tendsdynamo dominated accretion. The picture consists of: using

3.9 Active Galactic Nuclei
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star-disk collisions in accretion disk around supermassiv.10 Numerical Modeling
black holes as the basic flow structure for—  dynamo;
the back reaction of this dynamo removes the angular mo- Advances in the simulation of astrophysical and cosmic
mentum of matter near the black hole; and the formation oplasmas are the direct result of advances in computational
force-free helix whose dissipation is the ultimate origin of capabilities, today consisting of new techniques such as mul-
intense radiation from AGNSs. This is written up as an invitedtilevel concurrent simulation, multi-teraflop computational
lecture (Colgate & Li 1998 in an International Conference platforms and experimental facilities for producing and diag-
and Lindau Workshop on Plasma Astrophysics and Spac@osing plasmas under extreme conditions for the benchmark-
Physics, Lindau, Germany. ing of simulations. Examples of these are the treatment of
Li and others have identified a new instability in accretionmesoscalic plasma and the scaling to astrophysical and cos-
flow: Rossby wave instability in Non-Barotropic accretion mic dimensions and the Accelerated Strategic Computing
disks (ApJ, in press We are working on a more complete Initiative whose goal is to construct petaflop {1@oating
theory of this instability by both solving the linearized equa- OPerations per secondomputers, and pulsed power and la-
tions and fully 3D hydro simulations using a parallelized Sef inertial confinement plasmas where megajoules of energy
SPH solver developed by M. Warréfi-6). The preliminary ~ are delivered to highly-diagnosed plasmas. Recent work by
linear theory has been worked o(lti et al, APJL, to be Anthony_ L. _Peratt_(XPA) concentrates on the achievements
submitted. We envision that this instability plays an impor- {0 date in simulating and experimentally producing plasmas
tant role in the angular momentum transport and generatinacaled to both astrophysical and cosmic plasma dimensions.

QPO's that are commonly seen in stellar mass black hole Plasma science is rich in distinguishable scales ranging
systems from the atomic to the galactic to the meta-galactic, i.e., the

Li and Kusunose continue to work on the particle heatingr,nesfscali' Thus dplastma deC|etrr1]ce has art', |m;;orttant con_trlbu-
and acceleration in accretion disks. Most of our recent WorlgIon 0 maxe in unaerstanding the connection between micro-

is summarized in an invited review at the meeting High En-SCOPIC and macroscopic phenomena. Plasma is a system

ergy Processes in Accreting Black Holes, Graftavallen, Swe(_:omposed of a large number of particles which interact pri-

den,(Li 1998, PASP, in pregsWe have been using our fully manly, but not exclusively, throygh the. electromagnetic
. . . field. The problem of understanding the linkages and cou-
time-dependent, wave-particle-photon coupled kinetic codes. . . . ;

lings in multi-scale processes is a frontier problem of mod-

to model the multivavelength observations of galactic x-ray}e)m science involving fields as diverse as plasma phenomena
binaries (Li & Kusunose, ApJ, submitted We have also 9 P P

erformed extensive comparisons between our kinetic codien the laboratory to galactic dynamics.
P P Unlike the first three states of matter, plasma, often called

and Monte Carlo simulation&usunose & Li, ApJ, submit- the fourth state of matter, involves the mesoscale and its

ted)._ N interdisciplinary founding have drawn upon various subfields
L _and Dermer also use the same kinetic code to mode f physics including engineering, astronomy, and chemistry.
the time-dependent multlwavelen'gt'h _AGN spectra, €SPeRasic plasma research is now posed to provide, with major
cially the Tev bIazars(Dermer & Li, invited talk at INTE', developments in instrumentation and large-scale computa-
GRAL Workshop; also Li & Dermer, ApJL, to be submit- i, resources, fundamental insights into the properties of
ted). We are etudylng the synchretroe-self-Comp(@SQ. matter on scales ranging from the atomic to the galactic. In
model in detail using the full Klein-Nishina cross section, 5 cases;, these are treated as mesoscale systems. Thus, basic
which is very important in predicting the TeV flux. We find 5 a5ma research, when applied to the study of astrophysical
that a large Doppler factor% 30) is required in general for  5q space plasmas, recognizes that the behavior of the near-
the SSC model. _ earth plasma environment may depend to some extent on the
Sun(NIS-2), Fenimore(NIS-2) and Li have nearly com-  pehavior of the stellar plasma, that may in turn be governed
pleted a project searching for x-ray flares using data fronpy galactic plasmas. However, unlike laboratory plasmas, as-
ROSAT/PSPC. We are submitting a paper which describegophysical plasmas will forever be inaccessible to in situ
our discovery of an x-ray superflare from a dM7e $@un,  opservation. The inability to test concepts and theories of
Fenimore & Li, ApJ, submitted This result is surprising and  |arge-scale plasmas leaves only virtual testing as a means to
has potentially important implication for stellar dynamo pro- ynderstand the universe. Advances n computer technology
cess since x-rays are generally not expected from such laignd the capability of performing physics first principles, fully
type of stars. Several papers on our overall search results afigree-dimensional, particle-in-cell simulations, are making

also in preparation. virtual testing a viable alternative to verify our predictions
Li and Curt Michel(Rice), have written a review paper on about the far universe.
Physics Report on Electrodynamics of Neutron Stans A recent paper on this work explores the dynamical and

pres$. By studying the charge distributions around an activefluid properties of the plasma state, plasma kinetics, and the
pulsar, we are making progress in understanding the dynamadiation emitted from plasmas. It also outlines the formula-
ics of nonneutral plasmas. tions for the particle-in-cell simulation of astrophysical plas-

Li is also working on understanding the damping of solarmas and advances in simulational techniques and algorithms,
wind MHD turbulence by electrons and protofis & Gary, as-well-as the advances that may be expected as the compu-
JGR, to be submittedthe reconnection process in accretion tational resource grows to petaflop speed/memory capabili-
disk and astrophysical jets. ties.
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