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This report covers the period 1 July 1996 — 30 June 1997convolved with the observational uncertainfigSomparison
with the observed rms cluster velocity of 29328 km s'*
1. PERSONNEL further supports the low-density CDM model.

During the reporting year, the Research Staff was joined N. Bahcall, X. Fan(graduate studeptand R. Cen showed
by Zeljko Ivezic (from the University of Kentucky Alexan- that the evolution of the number density of rich clusters of
dre Refregieffrom Columbia University, Todd Tripp(from  dalaxies breaks the degeneracy betw@efthe mass density
University of Wisconsi, and Michael Vogeley(Hubble ratio of the universeandog (the normalization of the power
Fellowship Program, Space Telescope Science InstituteSpectrum, ¢gQ%°=0.5, that follows from the observed
Professor Lyman Spitzer, Jr. passed away on 31st March arfifesent-day abundance of rich clusters. They showed that the
Martin Schwarzschild passed away on 10th April. evolution of high-mass(Coma-likg clusters is strong in

Honors were conferred upon several members of the dé2 =1, low-cg models (such as the standard based CDM
partment. Neta Bahcall was elected to the National Academgnodel withag= 0.5, where the number density of clusters
of Sciences. Bohdan Paczynski received the Henry Drapetecreases by a factor of 10° from z=0 to z= 0.5; the
Award from the National Academy of Sciences. Michaelsame clusters show only mild evolution in ldW; high-wg
Strauss received the Newton Lacy Pierce Prize in Asmodels, where the decrease is a factor-df0. This diagnos-
tronomy. Martin Schwarzschild was posthumously awardedic provides a most powerful constraint éh. Using obser-
the 1997 National Medal of Science. vations of clusters ta=0.5—1, they found only mild evo-

Associate Professors Jeremy Goodman and David Spergkition in the observed cluster abundance. They determined
were both promoted to full Professor. Bruce T. Draine was{)=0.3+0.1 andog=0.85+0.15 (for A = 0 models; for
appointed chair of the Department of Astrophysical Science§)+ A =1 models,{)=0.34+0.13). These results imply, if

and director of Princeton University Observatory. confirmed by future surveys, that we live in a low-density,
Visitors staying over one month included: Changbomlow-bias universe.
Park (Seoul National Universify Michael Rupen(National N. Bahcall reviewed some of the unsolved problems in

Radio Astronomy ObservatoryKandau SubramaniafTata the study of large-scale structure of the universe and summa-
Institute of Fundamental Reseajcland HonSheng Zhao rized goals for their resolution. She reviewed the current sta-
(Leiden Observatony tus and future use of large-scale structure investigations from
The Spitzer Lecturer in the spring was John P. Huchramulti-wavelength sky surveys, including the Sloan Digital
Harvard College, Center for Astrophysics who presented &ky Survey, and their impact on cosmology. Bahcall also
series of lectures on survey-related work, including redshifreviewed the topics of clusters of galaxies, superclusters, and

surveys, ROSAT, and 2MASS. voids as well as dark-matter in the universe, including both
observations as well as cosmological implications.
2. RESEARCH PROGRAM J.R. Gott, R. Cen, and J.P. Ostriker studied the topology

of large-scale structure as a function of galaxy type using the
genus statistic. In hydrodynamical cosmological CDM simu-
N. Bahcall, in collaboration with S.P. Ofgraduate stu- lations, galaxies form on caustic surfacgeldovich pan-
den), determined the peculiar velocity distribution function cake$ then slowly drain onto filaments and clusters. The
of clusters of galaxies using an accurate sample of clustezarliest forming galaxies in the simulatiofdefined as “el-
velocities (Giovanelli and Haynes, 199@ased on Tully- lipticals”) are thus seen at the present epoch preferentially in
Fisher distances of Sc galaxies. The observed velocity funa:lusters(tending toward a meatball topologywhile the lat-
tion does not exhibit a tail of high peculiar motion clusters, est forming galaxiegdefined as “spirals) are seen currently
in contrast with previous samples with considerably largelin a spongelike topology. The topology is measured by the
velocity uncertainties. The current results indicate a lowgenus(= number of “donut” holes — number of isolated
probability of <5% of finding clusters with one- dimen- regiong of the smoothed density-contour surfaces. The mea-
sional peculiar motions greater than600 km s!. The sured genus curve for all galaxies as a function of density
root-mean-square cluster peculiar velocity isobeys approximately the theoretical curve expected for
293+28 km st random-phase initial conditions, but the early forming ellip-
The observed cluster velocity distribution function wastical galaxies show a shift toward a meatball topology rela-
compared with expectations from different cosmologicaltive to the late forming spirals. Simulations using standard
models. The absence of a high-velocity tail in the observedbiasing schemes fail to show such an effect. Large observa-
function is found to be consistent with a low mass-densitytional samples separated by galaxy type could be used to test
(2~0.3) CDM model and inconsistent at the3o level  for this effect.
with =1.0 CDM and HDM models. The rms one- R. Cen and J.P. Ostriker, in collaboration with T. Pad-
dimensional cluster peculiar velocities in these models cormanabhan and F.J. Summers, studied the nonlinear cluster-
respond, respectively, to 314, 516, and 632 km évhen ing of dark matter particles in an expanding universe using

2.1 Galaxies, Quasars and Cosmology
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N-body simulations. They investigate nonlinear clustering0.04 and 0.02 mag at redshift=1 andz=0.5, respectively,
for six different power spectra: power laws with spectral in-in a COBE-normalized cold dark matter universe with
dexesn=—2,—1, cold dark matte(CDM), and hot dark Q,=0.40, A;=0.6, H=65km/s/Mpc andog=0.79. It is
matter models with density paramefer=1; CDM including  shown that one would observay,=—0.44'J3; and
a cosmological constantA() with Qcpu=0.4, Q,=0.6;  go=—0.45'3733 (the errorbars are @ limits) with standard

andn=—1 model with(2=0.1. They find that(i) Power  candles with zero intrinsic dispersion at redslzft1 and

law spectra lead to self-similar evolution in &h=1 uni-  z=0.5, respectively, compared to the truthcpf= —0.40 in
verse.(ii) Stable clustering does not hold in &=1 uni-  thjs case, i.e., a 10% error iy, will be made. A standard
verse to the extent our simulations can ascerf@in.Stable  cOBE normalized,=1 CDM model would produce three
clustering is a better approximation in the cas€)sf 1 uni- times as much variance and a mixéwt and cold dark

verse in which structure formation freezes out at some lownatter model would lead to an intermediate result. One
redshift.(iv) The relation between dimensionless pair Veloc'unique signature of this dispersion effect is its non-
ity and the mean correlation functiog, is only approxi-  Gaussianity. Although the lensing induced dispersion at
mately independent of the shape of the power spectrum. Aber redshift is still significantly smaller than the currently
the nonlinear end, the asymptotic value of the dimensionlesgggt observedtotal) dispersion of 0.12 mag in a sample of
pair velocity decreases with increasing small-scale POWehyne |a supernovae, selected with the multicolor light curve
because the stable clustering assumption is not universallyape method, it becomes significant at higher redshift. They
true. (v) The relation between the evolvédand the linear  ghow that there is an optimal redshift, in the range
regime £ is also not universal but shows a weak spectrumz—0.5-2.0 depending on the amplitude of the intrinsic dis-
dependence. They present simple theoretical arguments fgersion of the standard candles, at whigf can be most
these conclusions. accurately determined.

R. Cen and J.P. Ostriker, in collaboration with J. R cen and R.A. Simcoéundergraduate performed a
Wambsganss, described in detail a new method to trace lighfetailed analysis of the Ly clouds produced by cosmologi-
rays through an essentially three dimensional mass distribys;| hydrodynamic simulations of a spatially flat cold dark
tion up to high redshift. As an example, they applied thismatter universe with a non-zero cosmological constant. They
method to a standard cold dark matter universe. They ol ng 4 very wide variety of structures, ranging from round-
tained a variety of results, some of them statistical in naturegp, high-density regions with,;,> 10 cm~2, to filamen-

others from rather detailed case studies of individual “Iinestary and sheet-like structures with column densities below
of sight.” Among the former are the frequency of multiply 10" cm 2. The most common shape of the dyclouds

imaged quasars, the dis'tribgtio_n of_separation of the multiplg, ;q in this simulation resembles a cigar squashed in the
quasars, and the red_shlft distribution of lenses: all as funcl'ongitudinal direction. Furthermore, these d.ylouds range

tions of quasar redshift. T_h_ey founq eff(_acts from very Weakin size from several kiloparsecs to about a hundred kilopar-
lensing up to highly magnified multiple images of high red'.secs, indicating that if simple models with a single popula-

shift objects. Applied to exte_nded sources, i.e., galaxies, thlﬁon of uniformly-sized sphere@r other shapesit observa-
ranges from slight deformations of the shapes, only measUlz,ns, this is only by coincidence. They show that the method

able in a big ensemble, through tangentially aligned arclet%f inferring the si f . .

. ) g the sizes of Ly clouds using observations of
up to giant Iumlnous arcs. One can thus study the weak “double quasar sightlines is only meaningfl terms of set-
herent shear fields produced by lensing of large-scale stru%—ng lower limits on cloud sizéswhen the sightline separa-
ture in directions that are devoid of large mass concentraﬁ

71 . .
tions as well as the strong lensing around massive clusters pns are small 47<50n “kpg. Finally, they conjecture

; ; 6 2
galaxies. Gravitational lensing directly measures mass de hat high column density Ly clouds (N> 10 em?) .
sity fluctuations along the line of sight to very distant ob- may be progenitors of the lower redshift faint blue galaxies,

jects. No assumptions need to be made concerning bias, th&cause the correlation length of thesexlglouds(extrapo-
ratio of fluctuations in galaxy density to mass density. Hencd2t€d to lower redshijtresembles that of the observed faint
lensing is a good tool to study the universe at medium andlue galaxgs, and their masses are close to those of starburst
high redshifts. Cosmological models — normalized to thedWarf galaxies in the Babul & Rees proposal. _
universe at redshift zero — differ considerably in their pre- R Cenand J.P. Ostriker, in collaboration with J. Miralda-
dictions for the mass distributions at these distance scaleEScude (University of Pennsylvanja and M. Rauch
Therefore lensing is a powerful tool to distinguish between(CalTech, used an Eulerian hydrodynamic cosmological
various cosmological models. The ultimate goal is to applysimulation to model the Ly forest in a spatially-flat, COBE-
this method to a number of cosmogonic models in order td10rmalized, cold dark matter model with=0.4. The inter-
study their gravitational lensing effects and be able to elimi-galactic, photoionized gas is predicted to collapse into sheet-
nate some models whose properties are very different frorlike and filamentary structures which give rise to absorption
the properties of the observed universe. lines having characteristics similar to the observed Ifgr-

R. Cen and J.P. Ostriker, in collaboration with J. Wamb-est. A typical filament is~1h~* Mpc long with thickness
sganss and G. Xu, examined effects of the weak gravitationat 50— 100~ kpc (in proper unity, and baryonic mass
lensing by large-scale structure on the determination of the-10*°n"*M. The cell size is (2.5,9 *kpc in the two
cosmological deceleration parametgy. They find that the simulations, with true resolution perhaps a factor of 2.5
lensing induced dispersions on truly standard candles aneorse than this. The gas temperature is in the range 10°
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K, increasing with time as structures with larger velocitiesHy=65km/s/Mpc, 17=0.4, A;=0.6, 03=0.79). Unlike
collapse gravitationally. previous studies focusing on the Abell clusters, it was con-
The predicted distributions of column densities, b-servatively assumed that both optical and X-ray observations
parameters and equivalent widths of thealforest clouds can determine the sourégalaxy or hot X-ray gaspositions
agree reasonably with observations, and their evolution islong the line of sight as well as in the sky plane accurately;
consistent with the observed evolution, if the ionizing back-hence we only include sources inside the velocity space de-
ground has intensity betwee+ 2 andz=4. A new method fined by the cluster as possible contamination sources. Pro-
of identifying lines as contiguous regions in the spectrumjection effects are found to be important for some quantities
below a fixed flux threshold is suggested to analyze the abbut insignificant for others.
sorption lines, given that the lay spectra arise from a con- It was shown that, on average, the gas to total mass ratio
tinuous density field of neutral hydrogen rather than discretén clusters appears to be 30-40% higher than its correspond-
clouds. They also predict the distribution of transmitted fluxing global ratio. Independent of its mean value,the broadness
and its correlation along a spectrum and on parallel spectraf the observed distribution of gas to total mass ratio is ad-
and the He Il flux decrement as a function of redshift. Theyequately accounted for by projection effects, alleviating the
predict a correlation length of 80h~ ! kpc perpendicular to  need to invoke other non gravitational physical processes.
the line of sight for features in the lyforest. While the moderate boost in the ratio narrows the gap, it is
In order to reproduce the observed number of lines andtill not quite sufficient to reconcile the standard nucleosyn-
average flux transmission, the baryon content of the cloudthesis value of Q,=0.0125(H,/100) 2 (Walker, et al,
may need to be significantly higher than in previous modeldl991) and(,=1 with the observed gas to mass ratio value
because of the low densities and large volume- filling fac4in clusters of galaxies, 0.0B(,/100) %2, for any plausible
tors. If the background intensity,; is at least that predicted value ofH,. However, it is worth noting that real observa-
from the observed quasar§), needs to be as high as tions of X-ray clusters, especially X-ray imaging observa-
~0.02%12; the model also predicts that most of the baryonstions, may be subject to more projection contaminations than
at z>2 are in Ly clouds, and that the rate at which the we allow for in our analysis. In contrast, the X-ray luminos-
baryons move to more overdense regions is slow. A largéty of a cluster within a radiuss 1.0h~*Mpc is hardly altered
fraction of the baryons which are not observed at present iby projection, rendering the cluster X-ray luminosity func-
galaxies might be intergalactic gas in the currently collapsingion a very useful and simple diagnostic for comparing ob-
structures, withT ~10°—10° K. servations with theoretical predictions.
R. Kulsrud, R. Cen and J.P. Ostriker, in collaboration Rich cluster masses [M(<1.0h"*Mpc)=3
with D. Ryu, demonstrated that strong magnetic fields are< 10h~*M] derived from X-ray temperatures or galaxy
produced from a zero initial magnetic field during the prega-velocity dispersions underestimate, on average, the true clus-
lactic era, when the galaxy is first forming. Their develop-ter masses by about 20%, with the former displaying a
ment proceeds in three phases. In the first phase, weak magmaller scatter, thus providing a better means for cluster
netic fields are created by the Biermann battery mechanisnmass determination. The gravitational lensing reconstructed
Results from a numerical simulation make it appear likely(assuming an ideal inversiprmass overestimates the true
that during the second phase homogenous isotropic Kolmognass by only 5-10% but displays a dispersion significantly
oroff turbulence develops associated with gravitational struclarger than that of the X-ray determined mass.
ture formation of galaxies. Assuming that this turbulence is Projection inflates substructure measurements in galaxy
real then these weak magnetic fields will be amplified tomaps, but affects X-ray maps much less. Most clusters
strong magnetic fields by this Kolmogoroff turbulence. Dur-(=90%) in this model universe do not contain significant
ing this second phase, the magnetic fields reach saturatidntrinsic ~ substructure on  scales =50h"lkpc at
with the turbulent power, but they are coherent only on theRp,OjglhflMpc without projection effects, whereas more
scale of the smallest eddy. During the third phase, whichthan ~50% of the same clusters would be “observed” to
follows this saturation, it is expected that the magnetic fieldshow statistically significant substructure as measured by the
strength will increase to equipartition with the turbulent en-Dressler-Shectman statistic. The fact that a comparable
ergy and the coherence length of the magnetic fields wilfraction (~50%) of real observed clusters show substructure
increase to the scale of the largest turbulent eddy, companeasured in the same way implies that most of the substruc-
rable to the scale of the entire galaxy. No further dynamdaure observed in real clusters of galaxies may be due to pro-
action after the galaxy forms is necessary to explain the orijection.
gin of magnetic fields. However, the magnetic field will cer-  Finally, it was pointed out that it is often very difficult to
tainly be altered by dynamo action once the galaxy and theorrectly interpret complex structures seen in galaxy and X-
galactic disk have formed. ray maps of clusters, which frequently display illusory con-
Cen studied the effects of projection on various observiigurations due to projection. The best way to compare pre-
ables of clusters of galaxies at redshift near zero, includinglictions of a cosmological model with the cluster
cluster richness, velocity dispersion, X-ray luminosity, threeobservations is to subject clusters in a simulated universe to
total mass estimatewelocity-based, temperature-based andexactly the same observational biases and uncertainties, in-
gravitational lensing derivedgas fraction and substructure, cluding projection and other instrumental limitations, and to
utilizing a large simulation of a realistic cosmological model compare the “observed” simulated clusters with real ones.
(a cold dark matter model with the following parameters: Cen investigated the high end of the d.yoptical depth
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distribution of a quasar spectrum. Based on the flux distribusity that each trace. Significant positive correlations with a
tion (Miralda-Escudeet al, 1996, a simple yet seemingly strength of 0.+ 1.0 are found for Ly clouds in the velocity
cosmological model-differentiating statistia,, — the cu-  range 50-300km/s. This effect should be observable. The
mulative probability of a quasar spectrum withd.yptical ~ correlation function of Ly clouds seems to be a monotoni-
depth greater than a high valug— was emphasized. It was cally decreasing function of separation, indicating that corre-
shown that two different models — the cold dark matterlation strength should be less than 0.1 &t >300km/s,
model with a cosmological constant and the mixed hot andvhere the simulation box was too small to give a reliable
cold dark matter model, both normalized to COBE and locaimeasure.

galaxy cluster abundance — yield quite different values of Among the correlational measures examined, an optical
A, . Moreover, it was argued thadt, may be fairly robust depth correlation function may serve as the best correlational
to compute theoretically. Furthermor&, can be obtained measure. It reasonably faithfully represents the true correla-

sufficiently accurately from currently available observedgonhOf the underl)l/ln_g mat;erhenalbh_ng ahpetger |nd|cat|o|n of
quasar spectra for,~ 3.0 4.0, when observational noise is POth matter correlation and the relationship between galaxies

properly taken into account. Analyses of observations 01and Lya clouds. Furthermore, it appears to be an alternative
quasar Ly absorption spectra over a range of redshift mayto the conventional line-line correlation function with the
be able to constrain the redshift evolution of the amplitude of//ltue that it does not require ambiguous post-observation

the density fluctuations on small-to-intermediate scalesting Procedures such as those commonly employed in the

therefore providing an independent constraint 6h, conventional line-finding methods. Neither does it depend
Qonpy andAg. ' sensitively on the observational resolutiée.g., FWHM),

Cen studied the cluster-cluster two-point correlation funcinsofar as the clouds are resolvée., the FWHM is smaller

tions in topological defect models. Gaussian cosmologicai@n the line width Conveniently, it can be easily measured
models, typified by the inflationary cold dark matter models,W'th_ the current (_)bservatlonal sensitivity without _bemg con-
and non-Gaussian topological defect based cosmologicifminated significantly by the presence of noise, if one
models, such as the texture-seeded model, differ in the origif00SeS an appropriate optical depth floor vahyg, (an
of large-scale cosmic structures. Textures initially are ran@djustable parametesay, <2.0.
domly distributed on scales larger than their size, in sharp C€n, in collaboration with F. Governato, B. Moore, J.
contrast to the initial high-density peaks in the Gaussiarotadel, G. Lake and T. Quinn, studied the dynamics of the
models, which are already strongly clustered before any-ocal group. The dynamics of Local Group and its environ-
gravitational evolution has occurred. One thus expects thgfent provide a unique challenge to cosmological models.
: o ity fi ithin 5 1
the resultant correlation of large cosmic objects such as clusthe velocity field within 5h = Mpc of the Local GrougLG)
ters of galaxies in the texture model should be significantlyS extremely “cold.” The deviation from a pure Hubble
weaker than its Gaussian counterpart. flow, characterized by the observed radial peculiar velocity
An Q,=1 biasedb=2 (as required by cluster abundance dispersion, is measured to be 60 km/s. The local velocity
observationstexture mode(or any random seed modgire- field was compared with similarly defined regions extracted
dicts a two-point correlation length &£6.0h~*Mpc for rich ~ from N-body simulations of a universe dominated by cold
clusters, independent of richness. On the other hand, the oark matter. This test yields a strong discriminator between
served correlation length for rich clusters3s10.ch~*Mpc models that have different mean mass densities. Neither the
at an approximately & confidence level. It thus appears that {:=1 (SCDM) or 1=0.3 (OCDM) cold dark matter models
the global texture cosmological model or any random see§an produce a single candidate Local Group that is embed-
cosmological models are ruled out at a very high confidencéed in a region with such small peculiar velocities. These
(>30). models, produce velocity dispersion between 300—700 km/s
Cen and Ostriker, in collaboration with S. Phe{pysics ~and 150-300 km/s respectively, more than twice the ob-
graduate studeptind J. Miralda-Escudexamined the auto- served value.
correlation of Lyr clouds(along the line of sightin detail Although both CDM models fail to produce environments
utilizing a hydrodynamic simulation of Ly clouds in a cold ~ similar to those of our Local Group, they give rise to many
dark matter universe with a cosmological constant, comparbinary systems that have similar orbital properties as the
ing it to that of mass and galaxies. The correlation strengtiMilky Way-Andromeda system. The local bias of halos in
of Lye clouds is somewhat weaker than that of the underlythe CDM “Local Group” environments is- 1.5, indepen-
ing matter, which in turn should be weaker than that of gal-dent of(}.
axies (biased galaxy formation On the scales probed, Cen and Ostriker, in collaboration with M. Rauch, J.
10— 300km/s, higher density, higher optical depth, higherMiralda-EscudeW.L.W. Sargent, T.A. Barlow, D.H. Wein-
column density Ly clouds are more strongly clustered than berg, L. Hernquist, and N. Katz, measured the distribution
lower density, lower optical depth, lower column density re-function of the flux decremeri? =e™ " caused by Ly forest
gions, with the difference being larger at small separationsibsorption from intervening gas in the lines of sight to high
and smaller at large separations. Thus, a consistent picturedshift QSOs from a sample of seven high resolution QSO
seems to emerge: the correlation strength for a given set @fpectra obtained with the Keck telescope. The observed flux
objects is positively correlated with their characteristic glo-decrement distribution functioFDDF) is compared to the
bal density and the differences among the correlations ofDDF from two simulations of the Ly forest: aACDM
galaxies, Lyr clouds and mass reflect the differences in den-model (with 0 =0.4, A=0.6) computed with the Eulerian
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code of Cen & Ostriker, and a standard CDM modeland it will be possible to type the galaxies automatically.
(SCDM, with Q) = 1) computed with the SPH code of Hern- Thus one can use the topology statistics to probe the details
quist, Katz, & Weinberg. Good agreement is obtained beof the galaxy and large-scale structure formation process.
tween the shapes of the simulated and observed FDDFs for With N. Gnedin(MIT and UCB), Ostriker completed two
both simulations after fitting only one free parameter, whichpapers(Ostriker & N. Gnedin, 1996; N. Gnedin & Ostriker,
controls the mean flux decrement. The difference betweet997, describing very high resolution simulations of the
the predicted FDDFs from the two simulations is small, andearly formation of nonlinear structure in the Universe. In the
we show that it arises mostly from a different temperature irfirst of these, they noted that current observational evidence
the low-density gagcaused by different assumptions that strongly favors a conventional recombination of ionized mat-
were made about the reionization history in the two simulater subsequent to redshift=z 1200, followed by reionization
tions), rather than differences between the two cosmologicaprior to redshift z= 5 and computed how this would have
modelsper se or numerical effects in the two codes which occurred in a standard scenario for the growth of structure.
use very different computational methods. They showed by direct, high-resolution numerical simula-
A measurement of the paramefer= Qfh®/I" (wherel'  tions (of a COBE normalized CDM+ A mode) that reheat-
is the HI ionization rate due to the ionizing backgroum  ing will occur in the interval 26-z>7, followed by reion-
obtained by requiring the mean flux decrement in the simuization and accompanied by a significant increase in the
lations to agree with the observed one. Estimating the lowegeans mass. However, the evolution of the Jeans mass does
limit T >7x10"'* s™' from the abundance of known not significantly affect star formation in dense, self-shielded
QSOs, they derive a lower limit on the baryonic matter denclumps of gas, which are detached from the thermal evolu-
sity, Q1,h?>0.021(0.017) for theACDM (SCDM) model.  tion of the rest of the universe. On average, the growth of the
The difference between the lower limit inferred from the two Jeans mass tracks the growth of the nonlinear mass Sca|e, a
models is again due to different temperatures in the lowresuylt they suspect is due to nonlinear feedback effects. Cool-
density gas. Adopting a fixef},, the measurement gf(z)  ing by molecular hydrogen leads to a burst of star formation

allows a determination of the evolution of the ioniZing radia- prior to reheating, which produces Popu|ation Il stars with
tion field with redshift. The models predict an intensity thatQ* reaching 1055 andZZ@ reaching 1037 by z~ 14. Star

is approximately constant with redshift, which is in agdre€-t4mation subsequently slows down as photodestruction and

megt W';hbthi assumption tf;z;gheblonlzmg bacgg_rqundl 'She rise of the temperature deplete molecular hydrogen. At
produced by known quasars , butrequires additional | 401 times z< 10, when the characteristic virial temperature

sources of ionizing photons at higher redshift given the ob—Of gas clumps reach f0degrees, star formation increases

served rapid decline of the quasar abundance. again as hydrogen line cooling becomes efficient. Objects

t Wl'N' Cc;ll;aﬁ/, il R;ch?rd G.Otttlrlll anq C. Park ztutlj(led thZcontaining Population Il stars accrete mass with time and, as
opology of the Tuctuations in the microwave backgroundg,,, 4q they reach 4 virial temperature, engage in re-

found in the COBE 4-year results. The topology is measureiewed star formation and turn into normal Population Il ob-

by the genusg(v) which is defined as the number of hot jects having an old Population Ill, metal-poor component. In

spots minus the number of cold spots as a function of ternJt e second workastro-ph/9612127 they simulated a plau-
perature threshold. Their results are in beautiful agreemen . . . .

. . . sible cosmological model in considerable physical and nu-
with the theoretical curve expected for a Gaussian random-

phase distributiong(v) = vexp(— »2/2) wherew (in terms merical detail through the successive phases of rehefing

S , ) < i = i -

of standard deviationglefines the area fractiohbelow the 10<2 20).’ fo_rmz_mon of POP Il stars at=15, W'.th sub
. se[quent reionization &= 7. They assumed an efficiency of

temperature threshold. These results are therefore con&stem h mass star formation appropriate to leave the universe

with the standard inflationary-big bang model in which the 9 bprop '

) . . _~after it becomes transparent, with an ionizing background
density fluctuations are due to random quantum fluctuation ;
. . »1=0.4 (atz=4), near the observed value. Since the same
in the early universe.

Gott, Cen and Ostriker examined how the 3D topology 0Tstars produce the ionizing radiation and the first generation

galaxy clustering is expected to vary by galaxy type. Spiraf N€avy elements, a mean metallicity BZ,=1/200 is
and SO galaxies should display a random phase sponge-li oduced in this early phase, but there is a large variation

topology, but elliptical galaxies, which form earlier and have@P0Ut this mean, with the high density regions having

more time to fall into clusters, should, by virtue of these ZZo=1/30 and low density regions having essentially no
non-linear effects, show more of a “meatball” topology with m_etals. Reionization, when it occurs, is very rapid, which
a preference for finding isolated clusters shown by a smaliVill leave a signature which may be detectable by very large
shift to the left of the 3D genus curve. This effect is demon-area meter-wavelength radio instruments. Also, the back-
strated using the Ostriker and Cen hydrodynamical cosmodround UV radiation field will show a sharp drop from 1Ryd
logical simulations, which incorporate not only gravity but t0 4Ryd due to absorption edges. The simulated volume is
also gas dynamics. This is a subtle but measurable effectpo small to formL* galaxies, but the smaller objects which
which shows up in the hydrodynamic simulations but not inare found in the simulation obey the Faber-Jackson relation.
ones where galaxies are picked by a simple biasing scheme In order to explore theoretically this domain of “the end
that identifies peaks in the initial mass distribution. This ef-of the dark ages” quantitatively, numerical simulations must
fect could be measured in the Sloan Digital Sky Survey redhave a mass resolution of the order of*#d, in baryons,
shift sample where there will be a sufficient volume studiedhigh spatial resolutiol kpo to resolve strong clumping,
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and allow for detailed and accurate treatment of both thenuch mass in their centers ¥510°M, inside 2 kpg¢ to
radiation field and atomic/molecular physics. correspond to any abundant category of present day objects.

In more observationally oriented woriColley, et al, Second, accretion by dynamical friction occurs with a pre-
1996 on the Hubble Deep Field, Ostriker, with W. Colley dictable slope in density vs. radius that is not seen among the
(graduate studeptand J. Rhoads and D.N. Spergel, con-faint HDF objects. Since the dynamical friction time is
cluded that the small faint images are not separate galaxiesughly 1 Gyr, a steady state should have been reached by
but pieces of larger ongsnost likely star forming regions  redshift z<5. In the context of these two dynamical sce-
It had been suggested that faint source counts continue tearios, they consider the possible effects of a gradient in
rise to the completeness limit of the data, implying a verymass-to-light ratio caused by induced star formation during
large number of galaxies. The two-point angular correlatiorinfall. They noted that star-forming regions within galaxies
function and number-magnitude relation of sources wereglearly present no dynamical problems, but also that large
used to assess the nature of the sources in the HDF. Theyirals would still appear as such in the HDF, which leads
found that the correlation peaks between 0.”25 and 0."4the collaborators to favor a scenario in which the faint com-
with amplitude of 2 or greater and is much higher for thepact sources in the HDF are giant star-forming regions
smallest objects. This angular scale corresponds to physicalithin small normal galaxies, such as Magellanic irregulars.
scales of order 1 kpc for redshifts= 1. The correlation must |ast they noted that the “excess” number of correlated ob-
therefore derive from objects with subgalactic separationgects near a given faint source approaches 1.5, suggesting
At faint magnitudes, the counts satisfy the relation numbethat the previous counts of objects have overestimated the
= 1/flux, which is expected for images that are subdivisionsnumber of galaxies by a factor of 2.5, while underestimating
of larger ones. their individual luminosities by the same factor.

Several explanations for these observed correlations are Ostriker completed a papdgiotti & Ostriker, 1997 with
possible, but a conservative explanation can suffice to protuca Ciotti (Bolognag, arguing that quasars and cooling
duce their results. Since high-redshift spaze(0.5) domi-  flows are different aspects of the same phenomenon. They
nates the volume of the sample, observational redshift effectsresented a new class of solutions for the gas flows in ellip-
are important. Rest-frame ultraviolet radiation appears in théical galaxies containing massive central black hdBsl).
HDF'’s visible and near-UV bands, and surface brightness/odified King model galaxies are assumed. Two source
dimming enhances the relative brightness of unresolved olterms operate: mass loss from evolving stars, and a secularly
jects versus resolved objects. Both work to increase theeclining heating by SNIa. All relevant atomic physical pro-
prominence of compact star-forming regions over diffusecesses are modeled in detail. Like the previous models inves-
stellar populations. Thus, a “normal” gas-rich galaxy at tigated by Ciottiet al, (1991), these new models first evolve
high redshift can appear clumpy and asymmetric in the visthrough three consecutive evolutionary stages: wind, out-
ible bands. Form sufficiently faint and distant objects, theflow, and inflow. At this point the presence of the BH alters
compact star-forming regions in such galaxies peak aboveramatically the subsequent evolution, because the energy
undetectable diffuse stellar backgrounds. Their results do n@mitted by the BH can heat the surrounding gas to above
exclude asymmetric formation or fragmentation scenarios. virial temperatures, causing the formation of a hot expanding

In a subsequent pape(Colley, et al, 1997, Ostriker, central bubble. Short and strong nuclear bursts of radiation
with W. Colley, O.Y Gnedin(graduate studentsand J.E. are followed by longer periods during which the X-ray gal-
Rhoads, investigated the dynamics of the “small galaxies”axy emission comes form the coronal gas)( The range
in the Hubble Deep field, concluding that it was unlikely thatand approximate distribution spanned by are found to be
we are witnessing accretion events, and more likely that wén accordance with observations of X-ray early type galaxies.
are simply seeing bright spots in irregular star forming sys-Moreover, although high accretion rates occur during burst-
tems. The previous work had found a significant angular coring phases when the central BH has a luminosity character-
relation of faint, high color-redshift objects on scales belowistic of QSOs, the total mass accreted is very small when
one arcsecond, or several kiloparsecs in metric size. A coleompared to that predicted by stationary cooling-flow solu-
relation at this scale is most likely due to physical associations and are in accord with putative BH nuclear masses. In
tions. They examined the correlation and nearest neighbahe bursting phases, is low and the surface brightness pro-
statistics to conclude that 38% of these objects in the HDHile is very low compared to pre-burstor to cooling flow mod-
have a companion within one arcsecofm about 6 kpg  els. They propose that these new models, while solving some
three times the number expected in a random distributionong-standing problems of the cooling flow scenario, can
with the same number of objects; the total excess approach@govide a unified description of QSO-like objects and X-ray
1.5 objects for separations of 10 arcseconds. They next exmitting elliptical galaxies, these being the same objects ob-
amined three possible dynamical scenarios for these objeekrved at two different evolutionary phases.
multiplets: 1 the objects are star-forming regions within nor- A major breakthrough in the observations of gamma-ray
mal galaxies, whose disks have been relatively dimmed byursts was the detection of “afterglows” in X-ray, optical
K-correction and surface brightness dimming; tBey are  and radio domains, following rapid and accurate positions
fragments merging into large galaxies;tBey are satellites obtained with the BeppoSAX satellite. In order to explain the
accreting onto parent norméal” galaxies. They found that original energy source. Paczyngli997) proposed a model
hypothesis 1 is most tenable. First, large galaxies in the proaf a “hypernova,” a massive star with the spin energy of its
cess of a merger formation would have accumulated toeollapsed core rapidly transported to the envelope by a
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super-strong magnetic field. If this model is correct thenthought of as a small second-order effect that mildly alters
gamma-ray bursts should appear in or near star forming rehe statistics of the microwave background fluctuations.
gions at moderate redshifts. They show that there is a first-order effect that is potentially
Andrew Ulmer(graduate studeptworking under the su- observable if they combine microwave background maps
pervision of B. Paczynski, developed a model of stellar tidalWwith large redshift surveys. They introduce a new quantity
disruption by a close passage near a supermassive black holkat measures this lensing effe¢t(56-VT)), where T is
with the emphasis on the observable effects of such a phehe microwave background temperature a@ds the lensing
nomenon. Ulmer1997 argued that the object is likely to due to matter in the region probed by the redshift survey.
appear as an optical-UV transient source in a galactid@hey show that the expected signal is first order in the gravi-
nucleus, and may be detectable in ongoing supernovational lensing bending anglé(50)2>l’2, and find that it
searches and also through “fossil” ionized nebulae near gashould be easily detectablgg/N) ~ 15-35, if they combine
lactic nuclei. the Microwave Anisotropy Probe satellite and Sloan Digital
P.S. Udompraseffundergraduajecarried out senior the- Sky Survey data. Measurements of this cross-correlation will
sis research with Knapp on optical and infrared measuredirectly probe the “bias” factor, the relationship between
ments of interstellar dust masses in early-type galaxies, andluctuations in mass and fluctuations in galaxy counts.
lyzing data for a sample of 64 nearby elliptical and SO Matias ZaldarriagaMIT) and Spergel studied the auto-
galaxies. The optical data are from an analysis of HST im-correlation function of CMB polarization anisotropies and
ages of galaxy cores by van Dokkum and Frab995,, that  their cross correlation with temperature fluctuations as probe
found dust lanes in about half of the galaxies. Udomprasemf the causal structure of the universe. Because polarization
and Knapp compared these results with dust masses derivésd generated at the last scattering surface, models in which
from far- infrared flux measurements. They found that: SCOfluctuations are causally produced on sub-horizon scales can-
galaxies contai 2 - 3times as much dust on average as donot generate correlations on scales larger the2f. Infla-
elliptical galaxies; elliptical galaxies contain 19to 10 3 of  tionary models, on the other hand, predict a peak in the cor-
the amount of dust found in spiral galaxies of similar lumi- relation functions at these scales: its detection would be
nosity; the statistics of the detection rates suggest that mosiefinitive evidence in favor of a period of inflation. This
or all early-type galaxies contain interstellar dust; the dust irsignal could be detected with the next generation of satel-
these systems is fairly similar in its properties to that in thelites.
Galaxy; the far-infrared observations detect much more dust Jeremy Kepnefgraduate studentArif Babul(NYU) and
(by about a factor of 100than do the HST observations, Spergel explored the effects of a background radiation field
showing that the dust is in structures extending well outside®n the formation of dwarf galaxies. One of the largest uncer-
the galaxy cores; that the dust content is uncorrelated withainties in understanding the effect of a background UV field
either luminosity or internal structure; and that dusty ellipti-on galaxy formation is the intensity and evolution of the
cal galaxies are much more likely to contain non-thermalradiation field with redshift. This work attempts to shed light
radio emitting cores than are galaxies with low dust contenton this issue by computing the quasi-hydrostatic equilibrium
Michael Richmond continued to investigate the propertiesstates of gas in spherically symmetric dark matter halos
of supernovae, in concert with a group of colleagues at théroughly corresponding to dwarf galaxjeas a function of
University of California at Berkeley. Using a new robotic the amplitude of the background UV field. They integrate the
telescope, which started regular operations in Novembeffull equations of radiative transfer, heating, cooling and non-
1996, they discovered the Type Il Supernova 1997bs irequilibrium chemistry for nine species: H,"H H™, H,,
April, 1997. The KAIT (Katzman Automatic Imaging Tele- H, , He, He", He"*, and €. As the amplitude of the UV
scope has been monitoring SN 1997bs and several othebackground is decreased the gas in the core of the dwarf goes
nearby supernovae regularly, in order to make precise medhrough three stages characterized by the predominance of
surements of supernova light curve shapes. ionized (H"), neutral (H) and molecular(H,) hydrogen.
Richmond has been working for several years with aCharacterizing the gas state of a dwarf galaxy with the ra-
group of amateur astronomers who are building their owrdiation field allows us to estimate its behavior for a variety of
CCD cameras. The Amateur Sky Surv€jASS) plans to  models of the background UV flux. The results indicate that
measure repeatedly the stars in a three-degree band arouadypical radiation field can easily delay the collapse of gas in
the celestial equator between sixth and thirteenth magnituddéalos corresponding to &-CDM perturbations with circular
in theV andl passbands. Several members of the group gaveelocities less than 30 km/s.
presentations at the summer 1997 AAS meeting in Winston- M. Zaldarriaga, D. Spergel and U. Selj&@fA) explored
Salem, North Carolina. Richmond created and maintains theow microwave background experiments could be used to
TASS home page on the World-Wide Web. constrain cosmology parameters. They used a high- accuracy
Maki Suginoharavisiting studeny, Tatsushi Suginohara computational code to investigate the precision with which
and David Spergel explored the possibility of detecting thecosmological parameters could be reconstructed by future
signature of gravitational lensing in the microwave back-cosmic microwave backgroun®€MB) experiments, in par-
ground by cross-correlating cosmic microwave backgroundicular the two satellite missions MAP and Planck Surveyor
radiation fluctuations with redshift surveys. Density inhomo-(COBRAS/SAMBA). They identify several parameter com-
geneities along the line-of-sight distort fluctuations in thebinations that could be determined with a few percent accu-
cosmic microwave background. Usually, this effect isracy with MAP and the Planck Surveyor, as well as some
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degeneracies among the parameters that cannot be accuratpgcted to be large. They discuss how this affects observa-
resolved with the temperature data alone. These degeneraciisns of the “faint blue galaxy” population.
can be broken by other astronomical measurements. Polar- Dalcanton, Spergel and Summers also investigated the dy-
ization measurements can significantly enhance the sciencamics of galaxies as a function of surface brightness. They
return of both missions by allowing accurate determinatiorshowed that, in the absence of any systematic change in the
of cosmological parameters, by enabling the detection ofatio of disk mass to disk luminosity, galaxies of all surface
gravity waves and by probing the ionization history of the brightness’ should lie on the same Tully-Fisher relation. The
universe. They also address the question of how Gaussianodels also show systematic changes in the shape of the
the likelihood function is around the maximum and whetherrotation curve as a function of angular momentum, which
gravitational lensing changes the constraints. leads to low surface brightness galaxies having slowly rising

Ue-li Pen(CfA) and David Spergel explored the physics rotation curves. Furthermore, because high angular momen-
of a String-Dominated Universe. The string-dominated uni-tum LSB disks have their baryonic mass spread over a larger
verse locally resembles an open universe, and fits dynamicarea than normal galaxies of comparable mass, LSB disks
measures of power spectra, cluster abundances, redshift digentribute very little to the observed dynamics of the galaxy.
tortions, lensing constraints, luminosity and angular diametefhus, LSBs provide a very effective tracer of the shape and
distance relations and microwave background observationsiass profile of the dark matter halo, out to proportionally
They show examples of networks, which might give, rise tolarger radii than is possible to observe with normal galaxy
recent string-domination without requiring any fine-tunedrotation curves.
parameters. They discuss how future observations can distin- J. Dalcanton (OCIW), D.N. Spergel, J.E. Gunn, M.
guish this model from other cosmologies. Schmidt(Caltech and D.P. Schneidé¢Penn Statepresented

J. Dalcanton, D.N. Spergel and F. Summépestdoc, results of a large area CCD survey for low surface brightness
Princeton developed a theory for the formation of disk gal- galaxies(LSB9) that reaches central surface brightness’ of
axies. They present a scenario for the formation of disk®5mag/arcsécin V. They have analyzed 17.8¢g)? of
which explains not only the properties of normal galaxies transit scan data, and identified a statistical subset of 7 pure
but the properties of the population of low surface brightnesslisk LSB’s with central surface brightness’ fainter than
galaxies (LSBs) as well. They use a gravitationally self- wo=23Vmag/arcset and with angular exponential scale
consistent model for disk collapse to calculate the observablengths larger thare=2.5". The LSB detection is entirely
properties of disk galaxies as a function of mass and angulaautomated, and the selection efficiency of the survey is well
momentum of the initial protogalaxy. The model naturally quantified. After correcting for the selection efficiency, they
produces smooth, asymptotically flat rotation curves and exfind a surface density of 4f§j§galaxies / degréefor LSBs
ponential surface brightness profiles over many disk scal@ the considered range pf; anda (90% confidence levels
lengths. In this scenario, low mass and/or high angular mowith the largest correction being due to the area lost behind
mentum halos naturally form low baryonic surface densitybright stars, and the difficulty in detecting LSBs with small
disks, which will tend to be low surface brightness. Theoreti-angular sizes. They have measured redshifts to the final
cal and numerical calculations suggest galaxy halos shoulsample of LSBs, and find them to be at distances comparable
form with a wide range of mass and angular momenta, antb those probed by large galaxy catalogs, and to have intrin-
thus, the disks, which form within these halos, should have aic scale lengths of 1.—73.6golkpc, also comparable to nor-
wide range of surface brightness’ and scale lengths. They useal galaxies. They use the redshifts and the selection effi-
theoretical predictions for the distribution of halo masses anaiency to calculate the number density in LSBs with
angular momenta to explicitly calculate the expected numbe23< uo,<25Vmag/arcsec and  find ./ '=0.01"335%
density of disk galaxies as a function of central surfacegalaxies @0 Mpc 3, with 90% confidence. The measurement
brightness and disk scale length. The resulting distribution i®f the absolute number density of LSBs probably represents
compared to the observed properties of galactic disks, and & lower limit, due to very strong biases against LSBs with
shown to explain the range of observed disk properties, inbulges or edge-on LSBs in the sample. Comparing the LSB
cluding the cutoff in the maximum disk scale length as anumber density to the number density of normal galaxies
function of surface brightness. They also show that disk inwith either similar scale lengths or similar luminosities, they
stabilities explain the observed lack of high surface densitffind that the number density of LSBs with
disks. The calculated distribution of disk properties also sug23< u,<25Vmag/arcsecis comparable to or greater than
gests that there are large numbers of galaxies, which remathe number density of normal galaxies. The luminosity den-
undetected due to biases against galaxies with either lowity in LSBs is comparable to the luminosity density of nor-
surface brightness or small-scale length. They quantify thisnal galaxies with similar luminosities, but is a factor of 3-10
by calculating the difference between the intrinsic luminositysmaller than the luminosity density of normal galaxies with
function and the luminosity function, which would be mea- similar scale lengths. The relative LSB number density and
sured in a galaxy survey with a given limiting surface bright-luminosity density agrees well with the theoretical predic-
ness. They show that current measurements of the galaxjons of Dalcanton, Spergel and Summers. The redshift-space
luminosity function may be missing more than half of la]l distribution of the LSBs suggests that the trend for low sur-
galaxies, and an even larger fraction of faint galaxies, giverface brightness galaxies to have weak small scale correla-
the correlation between mass and surface brightness. Th®ns may continue to the fainter surface brightness’ covered
likely underestimate of the luminosity density is also ex-in this survey.
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Michael Strauss continued his work on studies of the Turner, in collaboration with T. KundidCaltech, W.
large-scale distributions and motions of galaxies. In collaboColley, J. R. Gott, Y. Wang, J. RhoadsPNO), S. Malhotra
ration with Jeff Willick (Stanford, Avishai Dekel(Hebrew (IPAC), J. Wambsgans6AIP), L. Bergeron, K. Gloria and
University), and Tsafrir Kolatt(UC Santa Crug he carried D. Long (all of APO), made a robust determination of the
out a detailed likelihood analysis comparing existing Tully-time delay in 095#561A,B and thus measured the global
Fisher data with the IRAS redshift survey. Unlike previousvalue of Hubble's constant using Refsdal’'s method. Contin-
comparisons of peculiar velocity and redshift data, thisued photometric monitoring of the gravitational lens system
worked directly with the raw Tully-Fisher data themselves,0957+561A,B in theg andr bands with the Apache Point
and thus involved a minimal amount of massaging of theObservatory(APO) 3.5 m telescope during 1996 showed a
data. Thus the calibration of the Tully-Fisher data themselvesharpg band event in the trailingB) image light curve at the
was included as part of the analysis, and correction foprecise time predicted in an earlier paper. The prediction was
Malmquist bias is part and parcel of the technique itself. Itbased on the observation of the event during 1995 in the
was found that the Tully-Fisher and IRAS data are consisterieading (A) image and on a differential time delay of 415
with one another as expected from linear gravitational instadays. This success confirmed the so called “short delay,”
bility theory and linear biasing. The small-scale velocity dis-and the absence of any such feature at a delay near 540 days
persion of galaxies was found to be ¥280kms?, and rejected the “long delay” for this system, thus resolving a
B=0%%b=0.49+0.07. long standing controversy. A series of statistical analyses of

In collaboration with Willick, Dekel, Stephane Courteau the APO light curve data yielded a best fit delay of 41¥
(DAO), David Burstein(Arizona State Universifyand San- days (95% confidence intervaland demonstrated that this
dra Faber(UC Santa Crug Strauss published the Tully- result is quite robust against variations in the analysis tech-
Fisher data upon which the above analysis was based, withique, data subsamples and assumed parametric relationship
the most reliable and uniform calibration available. of the two light curves. Recent improvements in the model-

In collaboration with Daniel Korany(CfA), Strauss pub- ing of the lens systenconsisting of a galaxy plus a galaxy
lished a critique of the results of I. Segat,al, who used the cluste) allow derivation of the globafat z=0.36) value of
IRAS redshift survey to argue that the observed correlatioHubble’s constanH using Refsdal’'s method, a simple and
of fluxes and redshifts in the sample ruled out the Hubbledirect (single step distance determination based on experi-
law, and favored a universe in which the redshifts of galaxiesnentally verified and securely understood physics and geom-
are proportional to the square of their distances. They reetry. The result i+ =64+ 13 km/s/Mpc(for 0 =1) where
peated Segal’'s analysis, and were able to show that this cothis 95% confidence interval is dominantly due to remaining
clusion followed from a systematic error in the way Segal,lens model uncertainties. However, it is reassuring that avail-
et al, calculated the luminosity function of galaxies. Cor- able observations of the lensing mass distribution over con-
recting for this error, they found that the techniques of Segalstrain the model and thus provide an internal consistency
et al, did in fact not distinguish very strongly at all between check on its validity This determination of the extragalactic
the two cosmologies. However, adding the additional asdistance scale (10% accurate atr)l is now of comparable
sumption that the galaxy distribution is homogeneous orguality, in terms of both statistical and systematic uncertain-
large scales allowed them to rule out the quadratic redshiftties, to those based on more conventional techniques.
distance law unambiguously. Turner, S. MalhotrgIPAC) and J. Rhoad$KPNO) ob-

In collaboration with Rita Kim(Princeton, Strauss devel- tained evidence for dusty gravitational lenses. Foreground
oped a parameterized form for the observed distributiorgalaxies that amplify the light from background quasars may
function of counts in cells of galaxies. Fitting this form to also dim that light if the galaxies contain enough dust. Ex-
observed data allowed them to constrain the skewness arithction by dust in lenses could hide the large number of
kurtosis of the galaxy distribution. They were able to showlensed systems predicted for a flat universe with a large value
with the aid of N-body simulations that this method givesof the cosmological constart. They looked for one signa-
unbiased results, which are more robust in several ways frorture of dust, namely reddening, by examining optical-
those determined by the traditional moments method. infrared colors of gravitationally lensed images of quasars.

In collaboration with Luigi GuzzdMilano), Karl Fisher  They found that the lensed systems identified in radio and
(U. Texas, and Riccardo Giovanelli and Martha Haynes infrared searches have redder optical-IR colors than optically
(Cornell, Strauss calculated the small-scale velocity disperselected ones. This could be due to a bias against selecting
sion of galaxies of different morphological types in the reddenedhence extingt quasars in the optical surveys, or
Pisces-Perseus redshift survey. They found that the velocitgue to the differences in the intrinsic colors of optical and
dispersion of spiral galaxies was considerably smaller thamadio quasars. Comparison of the radio-selected lensed and
that of ellipticals, and that the spiral velocity dispersion wasunlensed quasars shows that the lensed ones have redder col-
much more robust to the presence or absence of rich clustesss. They therefore concluded that at least part of the color
in the sample, suggesting that they measure the velocity diglfference between the two lens samples is due to dust. From
persion in the field. the color difference between lensed and unlensed radio qua-

Strauss wrote a review of large-scale bulk flows, that willsars(and assuming Galactic extinction lathey could rec-
appear in the proceedings of a conference, “Critical Dia-oncile a large cosmological constarmt € 0.9) with the num-
logues in Cosmology,” which took place in Princeton in ber of lensed systems observed in flux limited optical
summer 1996. surveys. These results substantially weaken the strongest
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constraint on cosmological scenarios that invoke a non-zerthe model parameters which are the amount of angular mo-
cosmological constant to explain age discrepancy problemsnentum, the age of the universe and
satisfy predictions of inflationary models of the early uni- Yun Wang collaborated with TurngiPrinceton on the
verse and play a role in large-scale structure formation modeaustics, critical curves and cross sections for gravitational
els. They also raise the prospect of using gravitational lensdsnsing by disk galaxies. They studied strong gravitational
to study the interstellar medium in high redshift galaxies. lensing by spiral galaxies, modeling them as infinitely thin
Turner and M. UmemuréTsukuba Universityexamined uniform disks embedded in singular isothermal spheres.
the possibility that a population of relic massive black holes,They derived general properties of the critical curves and
perhaps constituting an important component of the darleaustics analytically. The multiple-image cross section is a
matter, might be indirectly detected via their occasional verysensitive function of the inclination angle of the disk relative
strong gravitational lensing of individual luminous stars into the observer. They computed the inclination-averaged
distant external galaxies. For plausible, and in some respecg$0ss section for several sets of lensing parameters. For real-
conservative, values of the relevant physical parameters, thd§tic disk mass and size parameters, they found that the cross
showed that such events might be detected either in wid&ection for multiple imaging is increased by only a modest
area surveys reaching routine CCD magnitude lirfsitech as factor andno dramatic increase in the optical depth for
the Sloan Digital Sky Surveyor in small field, very deep Strong lensing of QSOs would be expected. However, the
images(such as the HDE Thus, it would be a challenging C€ross section for high magnifications is significantly in-

but not impossible task to detect or place limits on a cosmi¢reased due to the. inclusion of a disk, especially fqr nearly
population of relic massive black holes. edge-on configurations; due to the strong observational se-

Yun Wang (while in Fermilah collaborated with Ed lection effects favoring high magnifications, there might be
Turner (Princeton on part Il of their work on statistics of Significant consequences for lensing statistics.
extreme gravitational lensing events, the finite shear case. _ _
They considered an astrophysical system with a populatiod-2 Stellar and Galactic Dynamics

of sources and a population of lenses. For each pair of source \yjith, pawan Kumar(MIT, IAS), Goodman studied the
and lens, there is a thin on-axis tube-like volume behind th%portance of three-mode couplings for tidal capture of stars
lens in which the radiation flux from the source is greatlyin giobular clusters. Tidal capture is the formation of a bi-
increased due to gravitational lensing. Any objeisch as  pary from two stars initially on a hyperboliznbound rela-
dust graing which pass through such a thin tube will expe- tive orbit, as a result of excitation of large-amplitude oscil-
rience strong bursts of radiation, i.e., Extreme Gravitationalations in the stellar envelopes during pericentral passage.
Lensing EventdEGLE). They studied the physics and sta- other workers have shown that tidal capture can sometimes
tistics of EGLE for the case in which the shear is larger orpe only temporary, because the transfer of energy from the
comparable to the finite source size. They found that thgypit to the oscillations is in principle reversible; the linear
presence of shear has only a small effect on the EGLE statamping times of the large-scale oscillations are of order ten
tistics. thousand years. Goodman and Kumar have shown, however,
Yun Wang collaborated with Pierre Sikivi&lniversity of  that oscillations large in amplitude and scale readily destabi-
Florida) and Igor TkacheyOhio Stat¢ on a secondary infall |ize numerous short-wavelength g-modes through three-
model of galactic halo formation and the spectrum of coldmode couplings. The g-modes are quickly damped by radia-
dark matter particles on Earth. The spectrum of cold darkjve diffusion. As a result of this nonlinear process, the
matter particles on Earth is expected to have peaks in velogffective damping time of the large-scale modes is reduced
ity space associated with particles which are falling onto theo less than a year, and tidal capture is effectively irrevers-
Galaxy for the first time and with particles which have fallenjpje.
in and out of the Galaxy only a small number of times in the  Sjang Peng Olfgraduate studenand Goodman have re-
past. They obtained estimates for the velocity magnitudefhvestigated the efficiency of turbulent convection for circu-
and the local densities of the particles in these peaks. To thigrizing the orbits of close binary stars. Older binaries are
end they used the secondary infall model of galactic halaircular at longer orbital periods, which suggests that circu-
formation which they had generalized to take account of thearization proceeds during the main sequence phase. Since
angular momentum of the dark matter particles. The newhe periods of interest are shorter than the turnover time of
model is still spherically symmetric and it admits self similar the largest convective eddies, it is believed that turbulent
solutions. In the absence of angular momentum, the modelissipation of the stellar tideéand hence of the binary’s
produces flat rotation curves for a large range of values of accentricity is partially suppressed. The degree of suppres-
parametere which is related to the spectrum of primordial sion, however, is disputed. Via new analytic and numerical
density perturbations. They found that the presence of angwalculations, Oh and Goodman find that the suppression is
lar momentum produces an effective core radius, i.e., itevere. Furthermore, they find that even without suppression,
makes the contribution of the halo to the rotation curve go taurbulent convection viscosity is unable to explain circular-
zero or zero radius. The model provides a detailed descrigzation of the longer period orbits during the main-sequence
tion of the large-scale properties of galactic halos includindifetimes of binaries containing solar-type stars.
density profiles, extent and total mass. They obtained predic- Ostriker and O.Y. Gnedin completed three papers related
tions for the kinetic energies of the particles in the velocityto the dynamics of globular clusters. In the first of thé®e
peaks and estimates for their local densities as functions dénedin & Ostriker, 1997a they investigated the dynamical
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evolution of the Galactic globular cluster system in consid-changes this distribution primarily through tidal shocks and
erably greater detail than has been done hitherto, finding thatynamical friction. Their model explains, on a quantitative
destruction rates are significantly larger than given by previbasis, the observed differences between the inner and outer
ous estimates. For the evolution of individual clusters, theypopulations of globular clusters in the Galaxy, M31, and
used a Fokker-Planck code including the most importaniM87. They can further calculate the amount of apparent
physical processes governing the evolution: two-body relaxbrightening of the peak of the luminosity function due to
ation, tidal truncation of clusters, compressive gravitationadestruction of low-mass clusters. Comparing the corrected
shocks while clusters pass through the Galactic disk, anfeak with the center of the intrinsic distribution, they obtain
tidal shocks due to passage close to the bulge. Gravitationglistance moduli to the galaxies. Using this method they find
shocks are treated comprehensively, using a recent result tymyz1=24.03-0.23 and dmyg;=30.81=0.17, as com-
Kundic & Ostriker that the{ AE?) shock-induced relaxation pared to the current best estimates using other methods
term, driving an additional dispersion of energies, is gener{dMy3;=24.30+0.20, dmyg;=31.0£0.1). This new
ally more important than the usual energy shift tefE). ~ mMethod, coupled witHubble Space Telescopéservations,
Various functional forms of the correction factor are adoptedPromises to provide an independent way of estimating dis-
to allow for the adiabatic conservation of stellar actions intances to galaxies with recessional velocitre40,000 km
the presence of transient gravitational perturbation. s ', or d=10th~* Mpc. The surprising consistency of the
They used a recent compilation of the globular clustePredicted and observed distances supports the irtisiatz
positional and structural parameters, and a collection of rathat the mass functions of globular clusters in the three gal-
dial velocity measurements. Two transverse to the line-of2Xies, spanning a wide range of masses, were universal at the
sight velocity components were assigned randomly accordRirth of these systems. _ _ _
ing to the two kinematic models for the cluster system Finally, in a more theoretically oriented paper, O. Gnedin
(following the method of Aguilar, Hut, & Ostrikgrone with and Ostriker exqml_ned the self-cons_lstent response of stellar
an isotropic peculiar velocity distribution, corresponding toSYStems to gravitational shocksicluding the effects of po-
the present-day cluster population, and the other with thdential fluctuatlc_)ns driven by internal oscillationsSpecifi-
radially preferred peculiar velocities, similar to those of theC@lly, they studied the reaction of a globular star cluster to a

stellar halo. They used the Ostriker & Caldwell and the Bahtime-varying tidal perturbatiorigravitational shock using
call, Schmidt, & Soneira models for our Galaxy. self- consistent N-body simulations, and address two ques-

For each cluster in their sample, they calculated its orbitdions. First, to what extent is the cluster interior protected by

over a Hubble time, starting from thgesentobserved posi- 2diabatic invariants. Second, how much further energy
tions and assumed velocities. Medians of the resulting set dihange do the postshock cluster oscillations produce and

peri- and apogalactic distances and velocities are used thd}pW much do they affect the dispersion of stellar energies.
as input for the Fokker-Planck code. Evolution of the cluster! NeY found that when the cluster potential is fixed, the adia-

is followed up to its total dissolution due to a coherent actionPafic corrections for the energy change follow a power-law

H H H _ 2\ —5/2
of all of the destruction mechanisms. The rate of destructiof tN€ adiabatic parameter= w7, A(x) = (1+x7) > for the

is then obtained as a median over the entire cluster sampl .hOCk durations of the order of the half-mass dynamical time
They found that the total destruction rate is much larger®". the cluster,=tqy,,,. For more prolonged Shogkfé,zthe

than that given by Aguilar, Hut, & Ostriker with more than ?d'abftf corrections behgomehshallovzlj;f&(g()z(l;r)r(] ) i

half of the present cluster&2% - 58% for the Ostriker & 'O 7~ taynn, @pproaching the prediction of the linear

Caldwell model, and 75% - 86% for the Bahcall, Schmidt &theory by Weinberg. When they allow for self-gravity and

Soneira modéléestroyed in the next Hubble tin’1e AItern,a- the oscillations, which follow the shock, the evolution of the

tively put, the typical time to destruction is comparable to thepotential causes significant changes in the energy of stars in
typical age, a result that would follow frorbut is not re- the core, while the total energy of the system is conserved.

quired by an initially power law distribution of destruction Paradoxically, the post-shock potential fluctuatiowsluce

. . 2 .
times. They discussed some implications for a past history oﬁhe total amount of energy dispersiqiAE*). The effect is

the globular cluster system and the initial distribution of thesm.aII but _regl, and IS due to the POSt'ShOCk energy change
destruction times, raising the possibility that the Currentbelng statistically anti-correlated with the shock induced en-

population is but a very small fraction of the initial popula- ergy change. These results are to be applied to Fokker-

tion with the remnants of the destroyed clusters constitutingplamk calculations of evolution of globular clusters.

presently a large fraction of the spherdidulge + halo
stellar population. , 2.3 Stellar Astronomy and the Solar System

In the second paper, Ostriker and O. Gne@h Gnedin
& Ostriker, 1997, utilized the dynamical theory developed  Jorissen and Knapp completed an analysis of the circum-
in the first paper to describe how the observed luminositystellar properties of S stars in order to put these properties in
function of globular clusters in external galaxies can functionperspective with current understanding of the evolutionary
as a new and reasonably accurate distance indicator. Assurstatus of S stars, in particular the intrinsic/extrinsic di-
ing the same initial luminosity function as in the Milky Way, chotomy. This dichotomy states that only Tc-ri€mtrin-
they constructed an intrinsic distribution of globular clusterssic’) S stars are genuine thermally-pulsing asymptotic giant
resulting from an isolated, passive evolution over the Hubbldranch stars, possibly involved in the M—S-C evolutionary
time of the true initial distribution. The galactic environment sequence. Tc-poor S stars are referred to as ‘extrinsic’ S
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stars, because they are the cooler analogs of barium stamith A. Miroshnichenko(Pulkovo Observatony they per-
and like them, owe their chemical peculiarities to mass transform such studies for various classes of medium- and high
fer across their binary system. mass young stellar objecte.g., Herbig Ae/Be stars, [B]

An extensive data set probing the circumstellar environ-starg. They find that the models of spherical dusty envelopes
ment of S stargIRAS flux densities, maser emission, CO with roughly 1/r density distribution can explain IR emission
rotational line$ was collected and critically evaluated. This from the majority of such sources, in contrast with the low-
data set combines new observati¢h8 stars were observed mass T Tau stars which require disk like geometry.
in the COJ=2—-1 line and 3 in the C@=3-2 line, with Ivezic and D. ChristodoulouLouisiana St. University
four new detectionswith existing materialall CO and ma- have searched IRAS database for young stars in HI high-
ser observations of S stars published in the literatufee  Velocity clouds(HVCs). Their results point to a low but sig-
IRAS flux densities of the S stars were re-evaluated by Conificant star-formation rate in intermediate and hlgh Galactic
adding the individual scans, in order to better handle thdatitude HVCs. Such rate is sufficient to account for the ex-
intrinsic variability of these stars in the IRAS bands andistence of young blue stars born in the Galactic halo, and the
possible contamination by Galactic cirrus. nonprirr]ordial metallicities inferred for some HVCs.

In IR color-color diagrams, S stars were found to segre- [Vezic, in collaboration with M. GroenewegefMIP,
gate into five distinct regions according to their Tc contentGarching, A. Men'shchikov(PAS, Warsay and R. Szcz-
and the ZrO/TiO, C/O and IR spectral indices. A simp|eerba(PAS, Torun, has defined a set of benchmark problems
radiative-transfer code was used to infer the chemical naturtor dust radiative transfer, and presented solutions obtained
(carbonaceous or silicatef the dust grains from the ob- DYy three codes which implement different numerical
served IR colors of the circumstellar shell. Comparison withschemes. These results are used for the verification of several
the (K—[12],[25]—[60]) color-color diagram showed that New dust radiative transfer codes.
both carbon-rich and oxygen-rich dust shells are probably
observed around S stars. The IR colors of S stars populati
the region of the color-color diagram with smadl—[12]
excess and moderaf@5] —[60] excess are best reproduced B T, praine continued to work on theoretical astrophysics
by carbon-rich dust. Th|§ result is consistent with the featureys the interstellar medium, with particular attention to pho-
less appearance of their IRAS low resolution spetf8S  tqdissociation fronts and to interstellar dust.
classes S or - as predicted for graphite or amorphous-  The theory of stationary photodissociation fronts has been
carbon grains, with the absence of the silicate IR feature ghyestigated by Draine & Bertoldi1996. It is shown that
9.7 um, and the absence of SiO, OH osBIimaser emission. gverlap of the ultraviolet absorption lines of kheglected in

Several S stars have large (0n excesses that are best mych previous workcan often be important. New approxi-
explained by detached dust shells. For many of these stargations are developed for the treatment of self-shielding
the 60 um emission is resolved by the IRAS beam. Thewhen line overlap becomes important, and photodissociation
prototypical SC star FU Mon is among these. Since SC stargont models including these effects are computed. The mod-
are believed to be in a very short-lived evolutionary phaseg|s are applied to the bright photodissociation region in NGC
where C/O= 1 within 1%, FU Mon may be a good candi- 2023, for which there are now observations gffiiorescent
date for the ‘interrupted mass-loss’ scenario advocated b¥mission in both the K band and the far-red. It is shown that
Willems & de Jong(1988. The CO line profile of FU Mon  the photodissociation region in NGC 2023 must be consid-
is also peculiar in being quite narrow¢=2.8kms™'), sug-  erably denser and warmer than previously believed in order
gesting that mass loss has just resumed in this star. to reproduce the observed, l@mission spectrum.

Mass loss rates or upper limits have been derived forall S |SO observations of the S140 reflection nebula/
stars observed in the CO rotational lines, and range rangshotodissociation region have been analyzed and modelled
from  <2x10PMgyr ' for extrinsic S stars to using the theoretical models developed by Draine and Ber-
1x10°Mgyr~! (the Mira S star W Agl. These mass-loss toldi. The ISO satellite has, for the first time, made possible
rates correlate well with th&—[12] color index, which  observations of K emission from rotationally excited levels
probes the dust loss rate, provided thatof the ground vibrational state, in addition to emission from
95M>10"8Mgsunyr . Small mass-loss rates are found vibrationally-excited levels of ki and various atomic and
for extrinsic S stars, consistent with their not being sojonic fine-structure lines. The observed intensi&nmer-
evolved(RGB or E-AGB) as the Tc-rich S stars. This result man, et al, 1996 show that a layer of the molecular gas in
does not support the claim often made in relation with symthe S140 PDR is characterized by a surprisingly high kinetic
biotic stars that binarity strongly enhances the mass-loss rateemperature, in excess of 500K. Such high temperatures are

Z. Ivezig, in collaboration with M. ElitzurU. Kentucky  theoretically surprising; the only previous evidence for such
has continued to work on the scaling properties of radiativehigh temperatures was the analysis by Draine & Bertoldi
transfer through dust. They find that the spectral shape of the1996 of NGC 2023.
radiation processed by dust is independent of overall lumi- Radiation pressure has long been recognized to play an
nosity and geometrical size scale, when the inner boundary isnportant role in grain dynamics because of the force exerted
controlled by dust sublimation. These scaling properties reen grains by an anisotropic radiation field, but the torques
sult in tight correlations among various observables, and erexerted on dust grains by anisotropic radiation can also be
able systematic studies of large infrared databases. Togethdynamically important.

n .
9.4 Galactic Astronomy and Interstellar Matter
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Draine and Joseph Weingartrigraduate studehstudied Lazarian obtained new results relevant to the Gold mecha-
the radiative torques exerted on irregular dust grains whenism for alignment of non-spherical grains, providing an
they are illuminated by interstellar starlight. The theory un-analytical description of the alignment process in the pres-
derlying calculation of these torques is developed, and thence of incomplete internal relaxation. He obtained good
torques are calculated for examples of irregular grains usinggreement between his results and available numerical data.
a modified version of the DDSCAT code for calculating scat-Addressing the problem of Davis-Greenstein alignment of
tering and absorption by targets using the discrete dipol@on-spherical grains, Lazarian obtained analytical expres-
approximation. Radiative torques exerted on grains by thaions for their measure of alignment in the presence of in-
interstellar radiation field may result in spinup of the grainscomplete internal alignment.
to superthermal rotation ratéBraine & Weingartner 1996 Lazarian, in collaboration with Roberge, studied paramag-
Even isotropic starlight can produce superthermal rotationpetic alignment of grains subjected to cosmic rays. This
but modest anisotropies in the radiation field — such as aretudy disproved a fallacy that cosmic rays provide an essen-
expected in the interstellar medium — can be very impor+ial means for grain alignment.
tant, both for producing superthermal rotation and for align- Lazarian, in collaboration with M. Efroimsk{Harvarg
ing dust grains with the local magnetic field. The effects ofand J. OzikTufts), calculated measures of mechanical align-
torques from moderately anisotropic starlight have beement for suprathermally rotating prolate grains. These results
studied(Draine & Weingartner 1997 It is found that star- provide a quantitative foundation for the “cross-section”
light torques appear to play a major role in the process oflignment mechanism introduced earlier by A. Lazarian.
grain alignment. In many cases, it is found that radiative Lazarian, in collaboration with A. Goodman and P. Myers
torques can bring about grain alignment much more rapidlfCfA), calculated alignment measures provided by various
than the paramagnetic dissipation process which is usuallglignment mechanisms in dark clouds. These results ex-
invoked. plained earlier observations by A. Goodman.

A. Lazarian has continued developing the theory of grain Lazarian, in collaboration with D. PogosyaiCITA),
alignment. One challenging problem was to describe quantishowed that Gaussian fluctuations can produce distinct fila-
tatively the alignment of the grain’s principal axis of largest mentary patterns within galactic HI. These results can ex-
moment of inertia with the grain’s angular momentum. Laz-plain ubiquitous filaments that are observed within HI data
arian earlier established the fact that thermal fluctuationgubes.
within the grain material make this alignment incomplete, E.L. Fitzpatrick continued to work on studies of interstel-
but only a qualitative description was obtained at that timelar absorption lines. FitzpatrickL996 analyzed the pattern
Working with W. Roberge(Rensselagr A. Lazarian ob- of interstellar gas-phase abundances of the elements Si, S,
tained a detailed description of this process, thus opening akin, Cr, Fe, and Zn for about 30 individual interstellar clouds
avenue of applications of this new effect in grain alignmentalong the sightlines toward the Galactic disk star HD 68273
theory. and the halo stars HD 93521, HD 149881, and HD 215733.

The process of grain alignment, whether by radiativeThe gas-phase abundance of S relative to H in these clouds
torques or the “classical” Davis-Greenstein mechanism ofappears indistinguishable from the solar value. For the other
paramagnetic dissipation, characteristically involves “crosselements, well-defined upper limits are found in the gas-
over” events, where the grain’s angular velocity componentphase abundances at significantly subsolar values. For Fe,
along the grain’s principal axis of largest moment of inertiaMn, and Cr(and probably Tji there are no convincing cases
changes sign. These crossover events are critical to the prashere the relative gas-phase abundances exeeef.5 dex,
cess of grain alignment, because the grain is easily disorke., these elements have not been seen in interstellar gas with
ented during the period when its angular momentum is smallan abundance greater than about 1/3 solar. For Si the limit is
Lazarian and Drain€l997 have shown that previous analy- ~—0.15 dex, and for Zn a constant abundance-6£13 dex
ses of the crossover process overlooked the subtle but very found from seven clouds along one halo sightline. These
important effects of thermal fluctuations within the grain. subsolar maximum abundances have two possible interpreta-
When these fluctuations are taken into account, it is foundions: (1) they indicate the presence of an essentially inde-
that the larger grains — the ones, which are observed to bstructible component of interstellar dust, which contains
highly aligned in the interstellar medium — are much lessabout 2/3 of the Ti, Mn, Cr, and Fe and about 1/3 of the Si
susceptible to disorientation during crossover than had prgassuming that the intrinsic interstellar abundances are)solar
viously been believed. It seems paradoxical that thermabr (2) they indicate that the true total abundances of these
fluctuations can result in improved grain alignment; this hap-elements are substantially less than in the Sun.
pens because the thermal fluctuations cause the grain’s spin Fitzpatrick and Spitzef1997) continued their multi-year
axis to deviate from the direction of the angular momentumstudy of the physical properties of individual interstellar
which prevents the “systematic” torques from spinning theclouds with a detailed examination of the line of sight to-
grain down to very small angular momenta during thewards the star HD 215733 in the Galactic halo. Analysis of
“crossover”-process. As a result, it is found that even with-data from the Goddard High Resolution Spectrograph
out radiative torques acting, classical paramagnetic dissipgx/S\=85000) and the Kitt Peak Coud@ed spectrograph
tion appears capable of achieving the observed degree ¢f/SA=200000) reveals a exceedingly complex line of
grain alignment, for plausible assumptions regarding grairsight, with more than 20 individual absorption components
properties. identified in the low- ionization species. Most of the gas seen
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towards HD 215733 is cold, with temperatures of order 10Gsion of a stellar wind with a foreground interstellar cloud.
K. Five different electron density diagnostics are available, For the analysis of interstellar or intergalactic absorption
based on collisional excitation equilibrium of'Gine struc-  features that are somewhat resolved by a spectrograph, Jen-
ture levels, and ionization equilibrium of@*, Mg®Mg™, kins has devised a method of correcting the apparent optical
SY/S*, and Cd/Ca"". The various ionization equilibrium depths(as a function of velocityto compensate for errors
diagnostics are found to have systematic discrepancies of uppused by very narrow, saturated structures inside the main
to 1 dex, in the sense that the values involving the neutrgbrofiles. The correction scheme can be applied only when
species tend to be larger than those derived from th&/ Ca two or more lines from the same absorber are observed, and
Ca"* ratio. The values derived from Ca are consistent withit makes use of disparities in the scaling of the apparent
the observed € excitation in the cold clouds if the free optical depths with transition probabilities. The analysis
electrons come primarily from ionization of the metals. Themethod operates on the same principle as the interpretation
gas pressureB/k implied by this condition are reasonable, of a curve-of-growth for the total equivalent widths of lines.
in the range 1000—5000 ciiK. The reason for the discrep- In an article that discusses how the method works, Jenkins
ancy among the ionization equilibrium diagnostics is not(1996 presents some very simple approximations to the ex-
known. Future studies will seek to establish the systematiact formulae that can be applied in practice.
behavior of these discrepancies. A paper describing these B. Paczynski and his associates worked on a major ob-
results were published in th&strophysical Journal serving program aimed at detecting gravitational microlens-
Fitzpatrick (1997 derived an empirical estimate of the ing in our Galaxy(the Optical Gravitational Lensing Experi-
oscillator strengths of the far-UV Mg K\1239,1240 lines. ment — OGLH, and on projects that arose serendipitously
The strong near-UV Mg INA2796,2803 lines are generally from the OGLE. The most important new development is the
highly saturated along most interstellar sightlines outside théull-scale operation of the new OGLE-2 telescope at the Las
local ISM and usually yield extremely uncertain estimates ofCampanas Observatory. This R/C 1.3-meter telescope has a
Mg* column densities in interstellar gas. Since Mg the  permanently mounted 2k x 2k back-illuminated CCD cam-
dominant form of Mg in the neutral ISM and since Mg is era. It is dedicated to massive photometric searches for vari-
expected to be a significant constituent of interstellar dusable objects: gravitational microlensing events and all other
grains, the far-UV lines are critical for assessing the role ottypes of variable stars. Dr. A. Udalski of the Warsaw Uni-
this important element in the ISM. This study consisted ofversity Observatory and his associates developed all hard-
complete component analyses of the absorption along theare and software. The instrument makes up to 50 million
lines of sight toward HD 93521 in the Galactic halo ahd photometric measurements every clear night, and the data is
Per and{ Oph in the Galactic disk, including all four UV processed on site within 24 hours. While the data has been
Mg™ lines and numerous other transitions. The three analyflowing smoothly since January 1997, it will take till the end
ses yield consistent determinations of the1239,1240 of 1997 before the first significant scientific results will be
f-values, with weighted means of @4.4x10 * and available.
3.2+0.2x10 %, respectively. These results are a factor of B. Paczynski and his associates studied various effects,
~2.4 larger than a commonly used theoretical estimate, andhich affect quantitative analysis of microlensing data: the
a factor of ~2 smaller than a recently suggested empiricalblending of images in crowded fields, the relation between
revision. The effects of this result on gas- and dust-phasthe observed time scale and the lens mass, and theoretical
abundance measurements of Mg are discussed. understanding of the global properties of microlensing.
Jenkins and A. Peimbefgraduate studentnalyzed Ly- A major “spin-off” of the massive variability searches
man and Werner band absorption features of interstellar mowas implemented following the idea that detached eclipsing
lecular hydrogen in the UV spectrum ¢6fOri A. This spec- double line spectroscopic binaries can be used to measure
trum was recorded over the wavelength interval 98050A  distance directly. A visitor to Princeton, Dr. J. Kaluzny of
at high resolution by the Interstellar Medium Absorption the Warsaw University Observatory, successfully continued
Profile SpectrographIMAPS) during the first flight of the search for such binaries in star clusters and in M31.
ORFEUS-SPAS, an instrument and spacecraft configuration The OGLE data continued to be used for studies of the
launched into orbit and retrieved by the Space Sh¢8ES-  Galactic bar and the star distribution towards Baade’'s Win-
51) in late 1993. H toward ¢ Ori A appears in three princi- dow. Additional catalogues of variable stars discovered in
pal velocity components. One of these components showthe OGLE data were published. All photometric measure-
velocity displacements and broadening for absorptions out afents of all these stars, and the finding charts are available
successively higher rotational levels. This behavior is unlikeelectronically by ftp and WWW.
what is usually seen for 4§ where the profile shapes are It is generally recognized that Kolmogoroff hydrody-
virtually identical in shape, as one would expect for opticalnamic turbulence is very effective in generating and ampli-
pumping in a thin medium. Using evidence from atomicfying magnetic fields, so it is important to understand the
lines at large and moderate negative velocities, Jenkins armfocess by which it happens. On the basis of the MHD fluid
Peimbert(1997 concluded that the strange behavior of theequations it appears that magnetic energy is rapidly built up
H, lines is probably caused by molecule formation behind aon very small scales, scales smaller even than the viscous
shock front. They proposed that this process is occurring in acale of Kolmogoroff turbulence. If the resistivityis much
collapsing column of warm, partly ionized gas that is recom-smaller than the kinematic viscosity then the energy rap-
bining and cooling behind a bow shock created by the colli4idly propagates all the way down to the resistivity scale
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which can be orders of magnitude smaller than the viscoupseudo-data derived from models with spiral structure were
scale. However, in general the mean free path is only moddeprojected under the assumption that the Galaxy is either
erately smaller than the viscous scale, and the plasma is egight fold or four-fold symmetric, indicate that the highly
fectively collisionless on scales smaller than the mean fre@on-axisymmetric disks recovered from the COBE data
path. Kulsrud, Cowley, Sudan and Gruzini997 have could reflect spiral structure within the Milky Way if that
shown that in the collisionless limit, even very weak mag-structure involves density contrasts greater the at NIR
netic fields rapidly damp any motions that would tend towavelengths. These experiments indicate that the apgle
amplify the magnetic fields. This is true provided the gyro-between the Sun-centre line and a major axis of the bulge
radius is smaller than the mean free path. As a result, thées near 20deg.

generation of energy on smaller scales than the mean free

path is effectively blocked and magnetic energy cannot reac®.5 Instrumentation and Software

smaller scales in a realistic plasma. This result is important 1. sacond orbital flight of the Interstellar Medium Ab-

for properly understanding the role of small-scale magneticSorption Profile SpectrograpMAPS) occurred during a
fields in astrophysical dynamos in plasmas for whigv. 1500 quration Shuttle missioSTS-80 in November and
Magnetic reconnection is important in many astrophysicahe cemper of 1996. Once again, IMAPS was attached to the
contexts such as in the sun and in accretion disks. KUIsr“Q\stro-SPAS spacecraft which was flown on a mission spon-
and Ph._D. student Uzdensky are studying fche infinitely larg%ored by the US and German space agencies, NASA and
magnetic Reynolds number limit of two-dimensional mag-parA. IMAPS is an objective-grating echelle spectrograph
netic reconnectlon. In this limit the g_eometry of the magneticihat can record the spectra of bright, early-type stars in the
reconnection breaks up naturally into a narrow boundaryyayelength interval 930 1150A at the high resolution that
layer in which the magnetic reconnection actually occurs angy heeded to see most of the velocity structure in the absorp-
the surrounding global regions. As plasma reconnects ifion features. In an observing program that was divided
passes into a second narrow region that separates the UNEjually between scientists on the IMAPS team and guest
connected plasma and the reconnected plasma, the separai§iservers, the following stars were observedas, e Per, ¢
region. All the rest of the plasma is in magnetostatic equilib-per, 5 Ori, ¢ Ori, x Col, 8 CMa, 15 Mon, e CMa, HD
Fium. o 64760,¢ Pup,y? Vel, a Leo, p Leo, » UMa, 8 Cen, andx
Uzdensky and Kulsrudl997 show that it is important to - Gry, Many interstellar species were detected, the most im-
understand the dynamics of the flow into this separatrix réportant of which included ki O VI, and atomic deuterium.
gion because the back pressure from the deceleration of thig,provements in the data collection system implemented by
flow in this region can react back on the main reconnectiorprinceton engineers P. Zucchino and M. Reale enabled
layer and slow down the magnetic process itself. Furthery\yaps to operate at much higher efficiency than before —
they have shown that The reconnection layer has to be conys a result of this improvement and a longer observing time,
nected to the separatrix region through a magnetic cusp byAPS gathered roughly eight times as much data as that
generalizing and correcting a previous theory of magnetightained on the earlier flight in 1993. Analysis of the data
cusps carried out by Bekstein and Priest. The knowledge ofom this mission is currently in progress.
the magnetic field and flows just outside of the narrow The Sloan Digital Sky Survey work at Princeton includes
boundary layer regions is necessary to properly solve for thgeveral major contributions to the software systems, which
magnetic reconnection and flows in this region, and thus tquill automatically reduce the SDSS data as they are taken.
determine the reconnection rate. The photometric pipeline reduces the data from the CCD
James Binney(Oxford), Ortwin Gerhard (Base} and  drift-scan imaging camera; it corrects the data for defects,
Spergel explored the photometric structure of the inner Galfinds objects, measures them, incorporates photometric and
axy. The light distribution in the inner few kiloparsecs of the position calibrations, combines the data in the five different
Milky Way is recovered non-parametrically from a dust- cor- SDSS filters for each object, and outputs reduced and cali-
rected near-infrared COBE/DIRBE surface brightness maprated images plus a large number of measured object pa-
of the inner Galaxy. The best fits to the photometry are obrameters. The last major task, the deblending of overlapping
tained when the Sun is assumed to1id4=4pc below the images, is well along. The software has been extensively
plane. The recovered density distributions clearly show anested using simulated images. The development of this pipe-
elongated three-dimensional bulge set in a highly noniine has been carried out by a group consisting of R. Lupton,
axisymmetric disk. In the favored models, the bulge has axis/. Richmond, Z Ivezic, J. Gunn, M. Strauss, G. Knapp and
ratios 1:0.6:0.4 and semi-major axis length2kpc. Its  T. Quinn (University of Washington The code will run on
nearer long axis lies in the first quadrant. The bulge is sureurrent computers at a rate close to that at which the data are
rounded by an elliptical disk that extends ti2kpc on the taken.
minor axis and~3.5kpc on the major axis. In all models,  Strauss and Lupton, with R. DeSimofendergraduaje
there is a local density minimum 2.2 kpc down the minor are testing the spectroscopic pipeline, which is being written
axis. The subsequent maximunB kpc down the minor axis at the University of Chicago. Lupton has made many contri-
(corresponding td=—22° andl=17°) may be associated butions to the data base and infrastructure. Richmond has
with the Lagrange point . From this identification and the worked extensively on the code to reduce the photometric
length of the bulge- bar, they infer a pattern speedcalibration data. Knapp and J. Goldmamdergradualeare
Q,=60—70kms kpc? for the bar. Experiments in which working on estimating the Galactic reddening and extinction
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over the survey area. Strauss, Lupton and Gunn, with gradiHermit, S., Lahav, O., Santiago, B.)Strauss, M.A, Davis,
ate students X. Fan and K. Nagamine have also worked on M., Dressler, A., and Huchra, J.P., 199%6,N.R.A.S.283

the criteria for the selection of objedfguasars, galaxies and
brightest cluster galaxig¢svhose spectra are to be taken.
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