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The following report summarizes the activities of thetook up the Canadian Project Scientist position for the mul-
Astronomy and Astrophysics Group of the Departmenttinational millimeter array telescop@ALMA) now in its
over the period September 1997 through Decembeplanning stages. She is also currently Chair of the Advisory
1999. Our last report appeared in 1998 in Bull. AAS Board for the Herzberg Institute of Astrophysics. In 1998 she
Volume 30. Current information about our people andfinished a 3-year term as Councillor on the Board of the
facilities can be obtained from our Department Website:Canadian Astronomical Society. During the 1998/99 aca-
http:// www.physics.mcmaster.ca demic year she spent research leave at Caltech.

1.2 Graduate Students and Postdoctoral Fellows

Postdoctoral fellows joining the group included J. J.
1. PERSONNEL
Kavelaars, coming in the fall of 199(Ph.D. from Queen’s
1.1 Faculty University); Eric Gregersen, in the fall of 199@hD from

The astrophysics faculty include Professors Couchmanthe University of Texas at Austinand Melinda Weil, from

Harris, Pudritz, Sutherland, Welch, and Associate Professog?gxsgillt%%if;g&ttemgiirﬂi?‘g:thajﬁ? irL1Jtcr:1eS?ar;lt%fC 12%9
Wilson. Hugh Couchmanjoined us in the fall of 1999, com- ' yp :

ing from the University of Western Ontario. His research Kavelaars changed to the position of Research Associate

area is in theoretical cosmology and the numerical simula\—NIthln our group in 1999 and did part-time graduate instruc-

tion of galaxy formation through high performance comput-tion as well.
) o . . : ; As of January 2000, nine graduate students are enrolled in
ing. William Harris carries out observational studies of

globular clusters and the distance scale. In 1998 he gavtge group(4 PhD, 5 MS¢. Students who graduated in the

series of invited lectures at the Saas-Fee Advanced School %aSt two years include Jason Feige, who completed his PhD

Astronomy and Astrophysics, and at the Canary Islands VVin\_/vork with Pudritz in 1999 and took a postdoctoral fellowship

ter School in Astrophysics. He joined the Board of Directorsat CITA; Sean Woodworth, who completed an MSc with

of the Canada-France-Hawaii Telescope in 1998, and was Haarrls in 1998 and has continued to PhD studies in Engineer-

member of the 7-person Long Range Planning Panel for C g Physics; and Tracy Webb, who completed an MSc in

nadian Astronomy during 1998/2000. Other activities in—alggg with Welch and has moved to the University of Tor-
onto for PhD work in astronomy.

cluded chairing one of the time allocation panels for Cycle 8
of HST in 1998, and chairing the 1998 Peer Review Panel

for the Herzberg Institute of Astrophysics. He continues as &. RESEARCH
mem.ber_ of the Cangdian Gemini 'S'teering CommiMph 2.1 Solar System
Pudritz is a theoretical astrophysicist who carries out a wide
range of programs in the physics of star formation and gal- Kavelaars, working with Gladman, Morbidelli, and Petit
axy formation. During 1998/2000 he chaired the NRC/(Observatoire de Nigeand Holman(Center for Astrophys-
NSERC/CASCA Long Range Planning Panel for Canadiancs), is conducting an extensive survey of the contents of the
Astronomy, the final report for which was completed in Oc-30 to 200 AU region of the solar systefthe Edgeworth-
tober 1999. He is now helping to design and drive an outKuiper Belt, or EKB. This region is home to the actively
reach campaign to disseminate the results of the repiine ~ evolving reservoir of material from which short period com-
Origins of Structure in the Universe: Canadian Astronomyets originate. Their work is currently focusing on deep and
and Astrophysics in the 21st Century§ the funding agen- wide field surveys of the EKB population in order to con-
cies, government, and media. Pudritz also continued on thstrain the size distribution of planetesimals in this region.
Canadian Time Allocation GrouWfCTAG) for the JCMT un- Their deep pencil-beam observations, obtained with the
til the end of 1999. He continues as a member of CITACFHT and VLT facilities, indicate that the density of small
Council till June 2000, and as a member of the Canadiamodies in the EKB is about twice that expected from a uni-
Gemini Steering Committee, as well as the NGST Sciencéorm power-law distribution extrapolated from previous sur-
Steering CommitteePeter Sutherland a theoretician who veys of the bright end of the distribution function. This may
works on high-energy astrophysics and computational methindicate that the accretion phase of this region of the solar
ods, continued in his position of Dean of Science during thesystem was truncated before an equilibrium size distribution
period of this reportDouglas Welchcarries out research on could be established. Such a truncation could be caused by
variable stars, with much of his work in the analysis of thethe scattering of large ¢~ 1 — —5M,) planetary em-
MACHO database. He continued as Chair of the Departmenitryos into the belt region. Notably, their work has resulted in
of Physics and Astronomy during the period of this report.the discovery and tracking of the most distant trans-
Christine Wilson studies star-forming regions in galaxies Neptunian object yet discoverét999 DGS8, currently some
through millimeter-wave and radio astronomy. In 1999 she65 AU from the Suhm as well as the smalle$i999 DAS.
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Assuming an albedo of 4-7% 1999 DAS8 is between 10 and®.2.2 Variable Stars and MACHO Data

20 km in diameter and represents the first-ever detection of a Welch continued his collaboration with the microlensing

“‘cometary-sized” body in the EKB. survey known as the MACHO Project. This survey finished
Kavelaarset al. have also conducted a near-exhaustivetaking observations at the beginning of January 2000.

search for irregular satellites of the planets Neptune and Ura- Welch collaborated with Pierogndiana, Stetson(DAO/

nus, covering 85% of the Hill spheres to a 50% detectiorHIA/NRC), Racine(Montrea), and van den BerghDAO/

limit of magnitudeR ~ 24.3. Their search resulted in the HIA/NRC) to obtain discovery frames for Cepheids in the

discovery of five irregular satellites of Uranus while no newcentral Virgo Cluster galaxy NGC 4571, previously searched

iregulars were found orbiting Neptune. From these observa¥sing the Canada-France- Hawaii Telescope. A sequence of

tions it appears that, unlike the other gas giants, Neptune wPPropriately spaced frames was finally completed in July

very inefficient at satellite capture and perhaps that its for1999 and has been analysed for Cepheids. A preliminary

mation had special features. distance has been determined for this important galaxy.

Kavelaars, Homan, and Gladman have acquired deep sup, it SUREE TTRER B BES T B0 Bl Do on
vey fields 20° and 30° above the ecliptic using CFHT and the

KPNO 4m. Th f leting th IVsi fof second-overtone Cepheid pulsation using double-mode
m. They are currently compieting the analysis o (first/second-overtoneulsators in the LMC and SMC using

their deep off-ecliptic survey which will be the first to probe \,r~Ho Project photometry

the thickness of the EKB region directly, an important pa-  \yelch continued to collaborate with Dr. Geoff Clayton of
rameter in constraining the late stage evolution of this regio g isiana State University on R CrB stars in the MACHO
of the solar system. They are also beginning to focus Morgroject data. This has produced the first modern study of
heavily on acquiring high quality orbits for a large numberthese evolved, hydrogen-deficient pulsators. Our work has
( ~ 1000) of bright R ~ 23.5) objects in the EKB. Such now revealed that the luminosities of these stars are typically
an orbit database will be crucial to understanding the formaene magnitude fainter than had been assumed from previous

tion and possible outward migration of Neptune. work on the small number of candidates towards the LMC. A
dozen of these stars have now been spectroscopically con-
firmed.

Welch and his MACHO Project collaborators have dis-

2.2 Stellar Populations covered a total of three LMC Cepheids which are members

of eclipsing binary systems. These are the first such systems
to be discovered. More recently, Udalsiial. (1999 have

G. Harris (Waterloo and W. Harris used the WFPC2 reported an additional eclipsing system for which MACHO
camera on HST to carry out a deep photometric study of th&roject data are also _ava|lable. These _systems are _belng
red-giant halo population in the nearest giant elliptical gal-€valuated by Dave Lepischak as part of his M.Sc. thesis.
axy, NGC 5128. At d= 4 Mpc, this galaxy is near enough Welch has continued to work with his MACHO Project
that the WFPC2 limiting magnitudes can reach the top thregoltlea%ue%, |nc|I<ud;ngUa2|I|ate_sr Dr. Chr(;sgne(flem}fﬂim-
magnitudes iV and| of the Population Il giant branch and onto), Dr. Don ur_z( ape OW')'.’ anad br. -eza rovacs
thus give a direct measure of the metallicity distribution(KonkOIy) to explain the long-standing problem of amplitude

. . i modulation in RR Lyr stars. Samples of many thousand
function (MDF) of the outer halo. Their results for a field 20 RRab and RRc stars have now been examined and have re-

kpc from the gglaxy center show that the stars have a V€¥ealed both amplitude and phase modulation in both pulsa-
broad MDF with a mean( [Fe/H]) = —0.7, probably o0 modes.

bimodal in form and extending above solar metallicity. The |4 collaboration with Dr. Karen PollaréCanterbury and
bulk of this galaxy could have formed as a result of twop\ACHO Project colleagues, Welch established the first per-
major bursts of star formation and metal enrichment at quiteyasive study of the link between the low-mass W Vir and
early times; very little ‘young’ component is visibly present. RV Tau pulsators demonstrating the continuity of the P-L
Harris and Harris are extending this work to the analysigelation for these stars and the onset of instability of the
of two additional NGC 5128 halo fields, a still more remote lightcurve with increasing period.
one at 40 kpc and an inner one at 10 kpc, both from HST Webb completed an M.Sc. thesis with Welgh collabo-
Cycle 8 photometry. With this material they intend to beginration with Wilson to determine the effect of metallicity on
studying the way the MDF changes with radius within thethe absolute magnitudes of M31 Cepheids in the near-
halo of this uniquely valuable galaxy. Harris, Durr@liBC), infrared using CFHT data. The effects of errors in reddening
Pierce (Indiana, and Secker(CCRS/Ottawa also used and differential reddening are dramatically reduced by this
WFPC2/HST to resolve the brightest red giant stars in dechnique. The measured gradient and uncertainty are con-
Virgo cluster dwarf elliptical and thus to use the red-giant tipSistent with zero, in agreement with previous optical work.
luminosity for a direct distance calibration to Virgo. The
result of (m — M), = 31.0 agrees closely with the mean
Cepheid and planetary-nebula calibrations and confirms th2.3.1 The Milky Way
effectiveness of the TRGB technique out to 3520 Mpc Harris and his students and colleagues have continued a
distances. range of studies of globular clusters in the Milky Way and

2.2.1 Old-Halo Stellar Populations

2.3 Globular Star Clusters
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giant E galaxies. Harris, with several colleagesncipally  ever, the total lack of metal-rich clusters remains a serious
Stetson, Bolte, Hesser, VandenBerg, and Betimpleted a puzzle.

series of HST-based color-magnitude studies of the Milky Similar work is continuing for two other Coma giants,
Way outermost-halo globular clusters NGC 2419, EridanusNGC 4889 and 492G rom HST Cycle 8 is continuing. The
Palomar 3, and Palomar 4. Their deep WFPG®2I) data luminosity functions for the globular clusters in these four
delineated 3 magnitudes of the main sequence in these clu§oma ellipticals(including IC 4051 described belgvwill

ters and permitted careful matching to theoretical isochronesventually be used for a strong distance determination to
for age and metallicity determination. The published resultsComa and thus a new calibration of the Hubble constant. A
show that NGC 2419 is basically a clone of the nearbypreliminary analysis using the GCLF turnovers in IC 4051,
“standard” low-metallicity cluster M92(and thus that star NGC 4874, and a handful of nearer giant ellipticals, gives
formation in the outer halo began virtually as early as in theH, = 69 = 9 km/s/Mpc on a distance scale where Virgo is
inner halg. However, the intermediate-metallicity objects at (m — M), = 31.0. The future addition of more giant E
Eridanus, Pal 3, and Pal 4, all of which display the secondgalaxies at Coma-like distances has the promise to reduce the
parameter red-HB anomaly to varying degrees, appear to baternal uncertainty irH, by almost a factor of two.

1 to 2 Gyr younger than the template comparision clusters Harris, with MSc students Okon and Woodworth, has
like M3 and M5. This work is now continuing to new data used the HST Archive to analyze the cluster systems around
for Palomar 14 and AM-1, after which the HST/WFPC2 sur-several giant ellipticals at large distances. The first of these,

vey of the outermost-halo clusters will be complete. IC 4051 in Coma, proves to be a strikingly unusual system:
IC 4051 itself is a “normal” gE on the outskirts of the Coma
2.3.2 Other Giant Galaxies core, probably tidally truncated by repeated high-velocity

. . . passages through the central Coma region. The metallicity
. Harris, _McLaughlln(BerkeI_ey, an_d G.Harris(Waterlog distribution of its globular clusters is strongly metal-rich at
will be using Cycle 9 HST time with the STIS camera to\,\éFe/w ~ —0.2 (possibly comprising two narrowly sepa-
measure the Structural parameters oha Iargg range of lo ated modes with no detectable metal-poor component.
luminosity globular clusters n M31 and a similarly large Though it is not a central giant or cD galaxy, it has a M87-
range of _halo clusters in the giant E galaxy NGC_ 5128'Iike specific frequencySy = 11 but with the normal
McLaughIm_hag found an extreme_ly c!ose COI’I’e|a'[.IOn be'Gaussian-like luminosity distribution. This galaxy, and NGC
tween the bmdmg er.‘e“ﬁb gnd luminosityL. of the .I\/I.|Iky 4874 described above, provide intriguing challenges to the
Way CIUSterS wh|'ch'|n detail suggest.s that the ef.f'C'enCy Ofconventional pictures of globular cluster system formation.
star formation within protoclusters increases with cluster
mass. By adding similar measurements for the clusters fro L .
these other galaxies, they will test out the shape of this corr-g'4 Star Formation in the Milky Way
relation there and thus investigate how universal the forma- PhD student Matthews and Wilson are carrying out a
tion process of old globular clusters was in different types oflarge survey of polarized submillimeter emission in nearby
protogalaxies. molecular clouds. The role of magnetic fields in the forma-
PhD student Vandalfsen, with Harris and Kavelaars, igion and evolution of molecular clouds and cores is a key
analyzing the globular cluster populations around two giantomponent in current studies of star formation. Earlier ob-
edge-on Sa galaxies, NGC 45%he Sombrerpband NGC servational techniques were limited to only the outer regions
7814, using wide-field imaging from the Canada-France-of clouds, far removed from the actual locales of star forma-
Hawaii Telescope. The Sombrero study is particularly com+ion. Using the new polarimeter mounted on the Submillime-
prehensive, taken with the CFH12K arrédy5 degree FOY  ter Common User Bolometer ArrafSCUBA) at the James
and inBVR. Preliminary results indicate a clearly bimodal Clerk Maxwell Telescop€JCMT), they have sampled mag-
metallicity distribution for the clusters and a specific fre- netic field configurations deep within molecular complexes
quencySy ~ 2, somewhat lower than previously thought in greater detail and in fainter regions than was previously
but similar to other giant disk galaxies. possible. Regions sampled include OMC-3 in Orion A, a
Harris, Kavelaars, Hane®Queen’'s, Pritchet (Victoria), filament in Orion B, Barnard 1 in Perseus, and B2 in rho
and Hesse(HIA/NRC) have completed a photometric study Ophiuchus. The field configurations, although only two di-
of the globular cluster population around the Coma clustemensional, will provide tests and constraints on models of
central cD galaxy NGC 4874, using long-exposure HST im-filamentary clouds requiring magnetic field support against
ages from WFPC2. Not surprisingly, they find that the clus-gravity, and when combined with future Zeeman measure-
ter system around this very diffuse and luminous galaxy iaments, can vyield the field strength as well as three-
similarly extended spatially. Surprisingly for any E galaxy dimensional configuration.
this luminous, however, the cluster metallicity distribution is ~ Wilson, Howe (FCRAO) and graduate student Balogh
almost entirely metapoor, with (Fe/H = —1.5 and no (Victoria) completed a large-area survey of the molecular
obvious trace of the metal-rich component that is alwayscloud M17 in the ¥2-1 and &3-2 emission lines of?’CO
expected in such galaxies. The specific frequencySef and *CO. They observe a correlation between €0/
= 4 is also lower than expectéby a factor of 3 for central  *3CO line ratios and thé3CO integrated intensity, which is
giants this luminous. Simple numerical models suggest thdtkely due to variations in the column density from one po-
as much as half of this galaxy might have assembled bgition to another within M17. Comparison of these data with
accretion of smaller dwarfs in the early Coma cluster. How-data for cloud cores and for external galaxies reveals a clear
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trend of increasingd®CO/3CO line ratios as one moves to obtain a complete set of molecular gas data which will allow
larger scales. This trend is present for at least the three lowthem to determine the physical conditions of the molecular
est rotational transitions. The most likely explanation of thegas in this sample of double barred galaxies.

high line ratios for normal galaxies is a significant contribu-  Wilson, Scoville (Caltech), Madden(Saclay and Char-
tion to the CO emission by low column density material, mandaris(Paris/Corne)l have been carrying out a detailed
such as diffuse molecular clouds or the outer envelopes oftudy of the molecular interstellar medium in the Antennae
giant molecular clouds. system(NGC 4038/39 using the Caltech Millimeter Array.

In 1998, Mitchell (Saint Mary’y, Avery (NRC),  The Antennae are the closest example of a merger of two
JohnstondTorontg, Wilson, Pudritz, and 5 other collabora- nearby spiral galaxies and thus provide an unique opportu-
tors from various Canadian institutions bggan a large projeqt,ity to study the internal workings of star formation in a
to obtain large-area maps of the submillimeter continuunygiaxy merger. Key results from this work to date include the
emission from the Orion B, Ophiuchus, and Taurus mOIeCUTdentification of extremely large & 108 M) gas com-

'af clouds using SCUBA on the JCMT. Data have been Ob'plexes that appear to be gravitationally bound, and evidence
tained t_o date for the_ .”O”he”‘ half of Orion B an_d for mOStfor cloud-cloud collisions which may be enhancing both the
of Ophiuchus. An initial analysis of only a portion of the star formation rate and the mid-infrared emission from the

Ophiuchus data revealed a wide variety of large-scale fea- . .
region between the two galaxy nuclei.

tures that were previously unknown. These include linear Graduate student Giannakopoulou-Creighton, Ridfa-

features that may correspond to the walls of an outflow cavi 109, and Wil leted tudv of th lecular i
ity or a photon-dominated region, new, compact submillime-c"'09. and YViison compieted a study ot the malecuiar in-
arstellar medium in the giant HIl regions of the nearby spi-

ter source, and two arcs of emission that may be associatd . ; , .
with the VLA 1623 outflow. Further analysis of the Ophi- ral galaxy M101. This work was Creighton’s Ph.D. thesis at

uchus and Orion B data sets has focused on the clump ma¥\aterloo. One interesting result from this study is that the
spectrum and a comparison of the clump masses determindgelecular clouds in one of the giant HIl regions appear
independently from molecular line data and the continuunfnuch brighter in CO than would be expected from their
data. Polarization maps have also been obtained for some ¥ffial masses, which suggests that heating of the clouds by

the brighter regions in Orion B. the massive star formation is influencing the CO emission
Gregersen is collaborating with Shirley and Evansfrom the clouds. o _
(Texag and RawlinggUniversity College on a program of Wilson has been continuing to study the atomic carbon

mapping the continuum emission from 21 of the youngesemission from Local Group galaxies. Tayl@gBochum/
stellar objects, from starless cores to Class | sources, witRCRAQO) and Wilson have made a small map of the atomic
JCMT/SCUBA to test how protostellar collapse changes thearbon emission in the giant HIl region NGC 604 in the
matter distribution. This collaboration has shown that manyspiral galaxy M33. This map reveals evidence for an offset
of these sources have a multiplicity that would lead to arbetween the Cl and the CO emission, with the Cl offset
erroneous interpretation of their spectral energy distributiontowards the massive stars. This result strongly suggests that
Gregersen has also begun observations with Evans and Shifre dominant source of Cl emission in this region is from
ley (Texag, Mardones(Chile), Myers (Harvard and Wilson  UV-photodissociation. Bolatto, JacksdiBoston, Wilson,

of later Class | sources in Taurus with the JCMT in theand Moriarty-SchievedJAC) have studied the atomic car-
HCO+ J=3-2 line, a line that easily shows the protostellar hon and submillimeter continuum emission from several re-
collapse signature, to see when protostellar collapse ends aggbns in the irregular galaxy IC 10. Comparison of the ClI
how infall motions change with time. This collaboration hasgata with results from the LMC suggests that the CI/CO ratio
also done similar work in Chamaeleon and Corona Australi$n molecular clouds is not a simple function of the metallic-

with SEST. Previous observations of Class | sources showeg of the host galaxy, but that other factors must also play a
asymmetries indicative of collapse in several sources. role.

2.5 Interstellar Medium in Galaxies

PhD student Petitpas and Wilson have been carrying out a . .
detailed survey of molecular gas in double-barred spiral gal?-6 Astrophysics of Star Formation
axies. Recent near-infrared surveys show that many barred ) ) )
galaxies contain isophote twists which are thought to be the Pudritz and his students and colleagues have focused their
signature of a ‘bar within a bar’. They have obtained highresearch on star formation in the local interstellar medium, as
resolution observations from the Caltech Millimeter Array Well as in the context of galaxy formation. The scope of the
for a number of these galaxies in CG-3-0 and find that research on local star formation encompasses the develop-
double bars are not always present in the molecular gas iment of new models for filamentary molecular clouds and
these galaxies. In fact, the galaxies exhibit a variety ofstar-forming prolate cores and clumps within them, the phys-
nuclear morphologies when viewed in CO, including rings,ics of star cluster formation, and the simulation of bipolar
spirals and in some cases, bars. This result seems to suggesiflows and jets. These ideas are being applied to the study
that the molecular gas is responding differently to the largeof the formation of self-gravitating supergiant clouds within
scale galactic potential in each of these galaxies. They arthe dark matter potential wells produced in hierarchical cos-
also undertaking a multi-line CO study with the JCMT to mological models of galaxy formation.
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2.6.1 Accretion Disks a wealth of new observations of the polarization of submm
Pudritz is constructing a theoretical model for the struc-€mission from molecular clouds has become available from

ture of magnetized accretion disks and their interaction wit CMT observations.
the magnetospheres of young stellar objects. A central fea- Fiege and Pudritz have created general axisymmetric
ture of this model is that the outflows from disks can carrymodels of magnetized filaments that include both poloidal
off most of the gravitational binding energy released throughnd toroidal magnetic field§.e., a helical field as well as
disk accretion, implying that their radial inflow velocities are external pressure on the filament. Their model produces den-
a considerable fraction of the Kepler speed. sity profiles that are in good agreement with the data. They
Pudritz and Pelletier are constructing a general model o$how that such filaments undergo fragmentation but at rates
the heating mechanism of magnetized accretion disks. Th@nd over Iength scales that are different than in models with
only known mechanism for driving turbulence in accretionpurely poloidal field. It was shown that a relatively small
disks is the Balbus-Hawley instability. The manner in whichcontribution of toroidal field actually helps to stabilize the
such turbulence damps to heat disks has always been an ifloud to fragmentation.
portant but unsolved problem. We are able to show that the It has been known for many years that star forming
mechanism of phase mixing of Aii‘mevvaves as they propa- Clumps in molecular clouds are prolate in Shape. This is dif-
gate Verticaiiy through an accretion disk, leads to StrondiCU't to understand for models of filaments that invoke
wave damping. Early calculations show that the gravitationaPurely poloidal magnetic field - fragments in such structures
potential energy that is locked up in the wave flux is depostapidly collapse along field lines to produce oblate pancakes,
ited into the upper layers of the disk where it heats the gadlot prolate bodies. Fiege and Pudritz discovered new prolate
This approach is very generai and uses methods well knowMHD Clump equilibria that arise as the non-linear end-state

to plasma physicists and solar astrophysicists. of the fragmentation of helically magnetized filaments.
They have now also computed the submillimetre polari-
2.6.2 Jets metric maps that would be produced by their filamentary

Ouyed and Pudritz, in a series of 1997 papers, were ableloud models and have shown that, depending on the

to simulate the acceleration and collimate of jets from thestrength of the toroidal relative to the poloidal field in the

surfaces of magnetized accretion disks. The computation'amem' polarization vectors lie along, or perpendicular to
e filaments. Detailed comparisons of their filament and

were done in 2-D and used Stone and Norman’s ZEUS 2-D) Is will ing th .
code. Ouyed and Pudritz have now extended these simul&°™® queSW| be made using the Canadian ‘JCMT, SQUBA
tions to investigate the effect of mass loading on the physic§onsortium maps of nearby molecular clouds. Pudritz is one

of the jet. Their earlier work suggested that if the wind mas<! the original theory members of this large Canadian col-
loss rate per unit magnetic flux threading the disk is lowered!aPoration which has won a considerable amount of SCUBA

then the jets manifest episodic time behaviour. The results cifme_ over the Ias_t two years to systematically study star for-
the 1999 study confirmed this with a large number of simu-mation in the Orionp Oph, and Taurus molecular clouds.
lations.

Jet research in Pudritz’s group has branched into two new-? €0smology
directions. Pudritz, Ouyed, and Rogers have created general- pydritz and Weil(now at CUNY) are generalizing the
ized 2-D, disk wind models in which any desired power-lawideas of globular cluster formation laid out in the Harris and
distribution of magnetic field on the disk can be Studied,pudritz(lggzi) and McLaughlin and Pudrit¢Z1996 papers to
including the Blandford & Payne and Pelletier & Pudritz the case of hierarchical galaxy formation and its attendant
magnetic configurations. In a separate line of work, Ouyedstar formation. These earlier papers proposed that globular
Clarke, and Pudritz have nearly completed their study of the|ysters formed in the massive cores of supergiant molecular
acceleration and Stabl|lty Of d|Sk WindS in 3-D As iS We” CIOUdS (Of mass typicaiiy 1w O)' This new Work investi_
known, magnetic systems such as jets are prone to kink-typgates how globular cluster systems around galaxies were
instabilities in 3-D which could eaSin destroy jetS. Our re- formed in a heirarchical merging picture of gaiaxy forma-
sults suggest that jets are in fact stable in 3-D, a result that i§on. They employ a tree-SPH code in order to investigate the
of great significance to our overall understanding of why jetsyrowth of small dwarf-galaxy mass dark matter wells during
are so ubiquitous in nature. heirarchical galaxy formation. Our simulations resolve the

Konigl and Pudrit22000, in presscompleted an exhaus- growth of self-gravitating clouds of a million solar masses
tive review of the observations, theory, and numerical simuand more, and compare the properties of these structures
lation of jets in protostellar systems for the book, Protostarsyith those predicted by the simple analytic models described

and Planets IV. above. Dense cores of the required mass do indeed seem to
_ form within larger gas structures.
2.6.3 Molecular Clouds and Their Cores Couchman carried out several, primarily numerical, inves-

Fiege and Pudritz completed a new theory for the structigations of the formation of cosmic structure. The overarch-
ture and fragmentation of filamentary molecular clouds. Reing goal of the research is to develop realistic models of
cent observations of filamentary molecular clouds havegalaxy formation using high performance computers in con-
shown that their radial density profiles declinerag, rather  junction with efficient numerical algorithms.
than the steep ~* dependence that is expected from self- With the Virgo consortium(a Durham, UK-based super-
gravitating isothermal filament©striker, 1964. In addition,  computer collaboration Couchman was involved with a se-
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ries of very high resolution hydrodynamic simulations of the  An important component of the numerical investigation of
distribution of galaxies in a cubic region 80Mpc on a side.structure formation is the development and testing of effi-
This was the first hydrodynamic simulation to identify a sig- cient algorithms. With Tittley (Maryland, Baltimore
nificant number of galaxies at such high resolution in a cosCounty, Couchman has completed a study of drag in the
mological volume. A number of other projects are underwaycommonly used Smoothed Particle Hydrodynani@PH
as part of the Virgo collaboration including an investigationtechnique. It is widely believed that infalling satellites in
of the radial density profiles of haloes forming in Cold Dark numerical simulations will suffer anomalously large amounts
Matter (CDM) models, to determine if the apparently univer- of drag and hence merge more rapidly than realistic. We
sal profiles found in dark-matter-only simulations by manyhave quantified this effect, as well as compared the relative
workers can be affected by the presence of cooling baryongnagnitude of the effect in the various popular ways if imple-
as well as a series of large baryonic simulations designed ttnenting SPH in cosmological codes. Tittley and Couchman
produce a large catalogue of simulated X-ray clusters. have also investigated claims that it is necessary to resolve
Couchman, Scoccimarro and Peel{esinceton have ex- the Jeans mass in cosmological simulations in order to
tended the renormalization idea of Peebles to include highekchieve convergence with increasing simulation resolution.
order perturbative corrections at the renormalization step. IYVe have shown that this is not the case in hierarchical simu-
is hoped that this will provide a robust prediction for statis-lations provided that the virialised object under consideration
tics such as the two- and three-point correlation functions if'@s undergone several mergers. Both of these studies have
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