ASPEN WORKSHOP JANUARY 2003

WARNING: These notes were not reviewed by the speakers.  For more reliable summaries of what they said (without my editorializing), you should ask the individual speakers for their Powerpoint presentations. Also, notes for several talks are missing since I did not have a working laptop for them and had to resort to pen and paper.

TUESDAY Jan. 14

Santoro—Primordial star clusters in halo

     Generation 1 dominated by molecular cooling (H- dominates at lower z) cooling time is 108+/-1 yrs

     Generation 2    “            “   electronic cooling (Tvir > 9000 K)—can also survive [but natural hierarchical biasing means many smaller haloes formed there first, possibly preventing Gen 2 haloes from ever existing if they already formed first]

Assumed virial equil, isothermal T, CONSTANT DENSITY(!), Cole + Kaiser binary block tree model. “Haloes” have overdensity 1.7; if they cool 25% they go on to a star cluster with 100% of the baryons(!), instantly dumping metals 

only 2% do this before being swallowed by parents.  57% are “primordial” (processing 1/10th of all baryons), mostly Gen 1, 106.5 Suns—a tenth of this is baryons, with Gen 2 being 5x more massive on avg., only slightly later (z=11 instead of 13)

since there are fewer old globular clusters left today, most were probably disrupted by supernovae

Barkana (+Loeb)—Weighing Host Haloes of High-Z QSOs by their Lya Line

tau(Lya) proportional to density2/ Iv

start with prob distn of densities from Miralda-Escude et al—clumping increases transmission since it is dominated by voids. Then include halo infall from Loeb and Eisenstein who predict density profile around virialized 1011 Sun halo. Inflowing gas [assumed spherical which is idealized] stops in a single accretion shock [again idealized]. Inside shock it’s very hot, but preshock region makes absn on blue wing of Lya emission line, and even an extra, sharp feature at few hundred km/sec redshift due to infall (unlike symmetric CIV em line, assumed double gaussian, this IGNORES OUTFLOWS).

[this idea depends critically on measuring good systemic velocities]

Assume standard QSO spectrum extrapolated into ionizing continuum, and assume Mbh/Vc correlation(Sloan z=5 QSOs have Mbh about a billion Suns, in halo thousand times more massive

At redshift 3, the halo is smaller, much less infall, so this infall notch becomes almost unobservable

Haiman—End of the Dark Ages, Based on Existence of New High-Z Objects and Re-ionization

Iff these quasars are not lensed [lensing is only likely if there are a large number of low-L quasars], Billion solar mass black hole at z=6.5 can just barely grow fast enough from 100Msun seed at z=15, at only 10% efficiency (to avoid slowing at Eddington limit)

Lya emitters at z=6.57 found by Kodaira, Hu

Infer halo masses from space volume densities( the rare ones should be in big haloes of  1012 Suns 

“sudden” jump in Lya optical depth from z=5.5 to 6.3 is intriguing suggestion of reionizn

Known populations of luminous galaxies and quasars have difficulty producing re-ionization. In some models, reionization can happen gradually and non-monotonically. Might search for it in Lya emission line asymmetries, or CMWB polarization anisotropy

Colgate +Li—Physics of Making Supermassive Black Holes

Even assuming equipartition, Magnetic fields (half microgauss) in giant radiosources add up to more energy than any other reservoirs!  Suppose this is generated by dynamo in BH acc disks

Getting 108 Mbh in a collapsed rotating1011 Sun galaxy, with proper rotation velocity requires unfamiliar physics: Rossby vortex mechanism for transporting angular momentum in accretion disks—it has the huge advantage of moving matter over distances of a radius rather than thickness. Pressure jump [he doesn’t say where this perturbation comes from] produces corotating vortices in the disk, like terrestrial weather. Shocks then form. Dissipating energy radiatively during compression stroke gives maximum damping, so opacity of disk needs to trap heat for several orbits (quasi adiabaticity, provided by thickness of several hundred grams/cm2, at low T=70 K)-this defines the radius where ang mom transport kicks on

Cloud encounters spin them up to lambda=0.05

Mbh goes as 4th power of lambda

Mestel disk strictly conserves ang momentum in collapse to get flat rotation curve [Norman et al 1980 thesis got this numerically]

“Solves the problems of black hole and star formation.”

Jimenez—Cosmological Info from Galaxy Spectra

Measuring H(z) gives you equation of state of dark energy (otherwise unconstrained)—you would need ACCURATE STELLAR CLOCKS (to 20% or better), such as old starburst in elliptical galaxy. They DO show a modest age/redshift relation. His next step is fitting with population boxes, to estimate uncertainties [Systematic effect that at higher z you see shorter wavelengths, which just tell you about most recent burst: instead look at the oldest galaxies in a huge volume, maybe VIRMOS at z=1. Eisenstein on Sloan spectra shows that NO stellar synthesis can match all features of E gal spectra because our library lacks the right combinations of age and metallicities present in them.  sorry but I think for now this will only teach us about our stellar evolutionary models, and details of SFR histories; we’ll have to wait for next generation astronomers to try measuring dz/dt]

Giavalisco—GOODS at High Redshift

HDF-N and CDF-S, 0.04 sq deg in each (33x original solid angle, 2.5x Groth Strip)

Spectroscopy on all that are practical (IAB=25-26 with lines) but Len says they’ll be highly incomplete past 23.5, where standard field galaxies run out

Chandra, XMM in archive, which can detect 1042 out to z=5; 400 ACS orbits BVIZ, twice the flux limits of HDF

ESO fairly deep BVRIZ, 300hr of ISAAC for deep JHK

IRAC and MIPS(GTO) to 0.55uJy in IRAC, can detect LBG galaxy out to z=4-6

Z=4 B dropouts seem deficient in HDF relative to Chuck: cosmic variance? (original claims of HDF-N of no red objects not confirmed); original HDF point on Madau diagram is wrong partly because z distn was not known, just assumed tophat, and secondly because LF may be steeper than was assumed; and Ken L’s point about (1+z)4 surface brightness dimming

SFR out to z=6;

B-V > 1.2—2.8, as redder color R-I  increases from 0 to 1.5

Rather few convincing V dropouts; they have only one confirmed I dropout at z=5.68 at Keck with narrow Lya and NV  [SUPRIME coverage of a sq degree, 1 mag less deep ALSO does not find many I dropouts]

Use PAH 7.7um feature to z=2 to provide a comparison; constraint stellar mass 

1 mag fainter than Lstar at z=3; Lstar at z=5

Resolve EBL: 35% of all stars were produced at z>2

 type I/II quasars out to z=2 (Meg is the AGN coordinator)

12 IaSN at z=1.2-1.7, weak lensing sheer

some ACS grism followup spectra

2 months after HST obs, best effort reduced images; 6 months after last campaign, source catalogs from mosaics

Brodie—Extragalactic Globulars

Use to trace old SFR beyond 1 Reff, in a simple homogeneous population

Using WFPC2 on 17 nearby E/S0s; more redder clusters in more luminous galaxies (at least those with large bulges): total red GC/bulge mass is about 1 in spirals and ellipticals

Identify a “typical” blue maximum at (V-I)0=0.95 and (V-I)0=1.18 corresponding to [Fe/H] = -1.4 and –0.6, same as in Sombrero, MW and M31, and both popns are mostly very OLD [I remain unhappy with this claim on obsvl and theoretical grounds]

Red GCs are hard to understand as formed in major merger/accretion scenarios

Disks of S0 galaxies have some faint EXTENDED “clusters”

Calzetti—Cosmic Importance of Dust

Dust emission produces about 50% of EBL, same as starlight, so dust opacity must have been important

Importance depends on metals AND gas, so typical E(B-V) could peak anywhere at z=0.5—2

Today, A(1500A—K), inferred from Ldust/Lbol = 0.3—0.4 in all spirals, ie 60-70% of 1500Ang light absorbed by dust, with gas twice as attenuated as starlight, 

and more attenuation in younger populations (e.g. extinction from R-I/D4000 anticorrelation in SDSS)  10A(0.15) = 250 SFR 2..2 but huge scatter, according to Heckman, Hopkins, Sullivan

Dust attenuation is not simply related to dust reddening, because of clumpiness and scattering into line of sight:

Meurer IR/UV  correlation with 2600A slope is not applicable to quiescent (Buat) or ULIRG (Goldader) galaxies, or subsonic HII regions (Bell), where the 1-to-1 relation breaks down!

Until SINGS, mid/far-IR resolution was always mismatched to optical, so we have had to interpret global SEDs

N6090 metal rich galaxy has much more 100-200um dust continuum relative to 60um,

compared with Tol 1924-416, a metal poor dwarf, a class not well measured by ISOPHOT

Papovich—Stellar Content of High-Z Galaxies

HDF-N thesis WFPC2+NICMOS:  

119 galaxies at 0.7<z<1.5 and 56 at 1.9<z, half are photometric<3.3   with NICMOS SNR>20 ie JAB, HAB < 25.5, HST resolution is nearly constant at 1-1.5Kpc

Rest frame bands calculated are 1600, 3000, 5000Ang

Half-light radii at rest frame V are smaller at high z: 2.3 Kpc vs 3.1 [not entirely a surface brightness selection effect], (and the RC3 galaxies are larger)

Stellar mass (Dickinson et al 2003) is larger in higher z, 5 billion vs 1 billion suns vs present day Cole et 2001 Mstar=90 Billion suns

Internal Color Dispersion (rms residual amplitude after subtracting avg color, and removing background signal from sky, after convolution to same pixel scale):

Locally is 0.00 in Ellipticals, 0 using Far-UV/Mid-UV; 0.2-0.3 in spirals using MidIUV/B images

And about 0.05 at z=1 and only about 0.02 at z=3, a parametrization of morphological K correction: older stellar pop dominates B light at z=1

Z=1 galaxies also have more scatter in total colors

Wolfe—CII* in DLAs to Measure SFR

Electrons photo-ejected from dust grains by UV heat the gas, as in MW ISM: mean intensity is proportional to SFR/unit area; heating efficiency is 5% or much less

Assume heating, cooling rates equal

Cooling rate in CII 158um line (dominates in cold neutral medium) is calculable once we determine the upper fine structure level population using its 1335.7Ang absorption line, seen in half of DLAs, (which has same profile as SiII 1808)

(Upper level generally has much larger population than CMWB would produce)

Use Fe depletion to estimate dust/gas ratio

Cooling/heating rate per atom (correlates with dust/gas ratio) is below 10-26 erg/sec, one thirtieth of local ISM( working assumption is that both have same SFR/unit area, but dust/gas in DLAs is 30 times lower

Detailed Wolfire heating/cooling modeling with 1/30 solar metals shows S curve in pressure/density curve: thermal instability produces two-phase medium, but sometimes our LOS misses the cold phase

Implied SFR/Kpc2 is 0.003 Sun/year if cold phase, or 0.03 if in warm medium (unacceptably too high!), integrate over entire DLA cross section to get integrated SFR of 0.2 suns/year/Mpc3, consistent with other fairly high points in Madau diagram at z=2--3

Implies more stars formed up to today in DLAs than in LBGs, but also implies they produce 30X more metals than is observed in DLAs!! [this is why he has overestimated SFR somehow]( maybe SFR is localized in central bulge which we hardly ever look through

Could DLAs be the LBGs? Certainly NOT the bright half of the LBG SFR, in the spectroscopic sample where avg SFR is 80 Suns/year. Maybe the non-spectroscopic half of the LBGs  which have an order of magnitude lower, consistent with Halpha upper limits; DLAs might even be fainter than R=27 and outnumber galaxies by 10X

WEDNESDAY  Jan . 15

Conselice—Assembly of Stellar Contents of Galaxies

Major mergers can be estimated from galaxy pairs, with projected separations and uncertain merger timescale

Asymmetry index is another way to identify mergers (subtract flipped image), zero in ellipticals, larger in bluer galaxies, up to few tenths. AI(Red), or AI(Blue) >0.3 suggests interaction, as in half of ULIRGS [as long as they are identified as “single galaxy”!]

Simulations show that AI stays above 0.35 for about 700 Myears, but NOT for face-on

HDF application: rest frame B morphologies, NICMOS extends out to z=3

Correcting for selection effects by simulating 38 nearer galaxies, which tends to drop AI by up to 0.1 at z>2, similarly “sizes” appear systematically smaller at higher z

AI(B) at z<1.5 is under 0.2 for luminous galaxies, but around 0.4 for fainter ones; at higher z all galaxies have more asymmetry, and this is as expected from their bluer colors

Fainter galaxies have only gradual increase in AI, but up to a quarter of brighter galaxies at z=3 have strong asymmetry indicative of major mergers (only at z>2.5 do they show more interaction than fainter galaxies):

“Merger fraction” [actually this could just mean “un-relaxed”] goes as (1+z) for fainter ones, but (1+z)3 for massive galaxies 

Compare disk galaxy stellar mass to van den Bosch’s Mvirial= 2.5 x 10 10 M Rd Vmax2 

About 1:20 but gradual decrease as z increases, by a factor of 2 up to z=1

“merger” galaxies also tend to have blue centers

Ellis—Formation of Large Galaxies

Hierarchical picture has been able to evolve to adjust to data

Predicts rapid decline in most massive spheroids going back to z=2 (two or more orders of magnitude at M>1011, due to major mergers), unless ellipticals are not formed this way

          BUT THERE IS NO OBSERVATIONAL EVIDENCE FOR THIS DECLINE

K gives stellar masses up to z=2

Fontana applied photo-z to HDF-N/S IR data and claimed too few K<21 massive galaxies at z=2

Only one V-H>3 in HDF-N

Im et al: Groth Strip: 44 E/S0s with spectroscopic z’s and 110 with photoz’s: LF up to z=1 is consistent with no change except passive evolution

WIRC-2K on Palomar, select z=1—2 (I-H)>3 and (J-K)>2.3 which finds dusty objects AND z>2 galaxies

LCIRS (McCarthy) (I-H)>3 population shows steeper than Euclidean rise as we reach the redshift where they kick in, with possible flattening at faint end—looks like present population plus passive evolution, inconsistent with CDM merger predictions

Bunker/McCarthy are finding up to z<1.3 galaxies in K sample, some OII emission, some HK absorption spectra

GOODS morphology is correlated with SED fitting: “E/S0” template-fit galaxies look smooth and round: z=1.2 population has at most 30% contamination of non-spheroidals

FIRES HDF-S—180 hours of ISAAC to K=23 covers 30 sq arcmin large volume:

0.8/arcmin2 to K=21 in HDF-S and MS 1054 fields

2/arcmin2 to K=22

3/arcmin2 to K=23:  4 times higher than LBG surface density, but wider z range means number densities are comparable

(J-K)>2.3 selection, not necessarily Balmer break (satisfied by only 5% of LBGs since they’re not quiescent, are these LBGs when their burst turns off?): in 2-night integrations, Van Dokkum got 6 of 11 z’s on LRIS-B: z=1,2.43,2.43,2.43,2.71,3.52, 2 of which have NV

25% of z=1 ellipticals in HDF show blue cores from active starburst residuals: modest OII and strong Balmer absn (EW of Hdelta a few Ang)  associated with center (can measure rotation curves at z=1 in good seeing)—only a 10% starburst in last few Gyrs, they were pretty well established at z=2

Fundamental Plane at z=1 is mostly consistent with z(form) of 3, except for 2 younger outliers

LBGs are supposed to evolve to today’s 2Lstar galaxies, but these red galaxies he’s observing are other versions of the same Lstar galaxies, and in fact monolithic collapse of Lstar spheroids may be a good description

K=20 Cimatti suvey is consistent

Daddi et al (FIRES) showed that red objects are much more strongly clustered than LBGs, so they are best elliptical precursors

Strongly correlated population is always that way, so unlikely that LBGs will ever evolve into ellipticals

Ferguson—GOODS Update

Hierarchical models make simple predix for disk galaxy sizes: 

R = 1/H at fixed vcirc or H-2/3 at fixed mass (Mo, Mau+White)

16 U dropouts in CDF-S 150 sq arcmins using ESO U photometry, (none of 4 sets deep enough)

sample of 1—6 Steidel Lstar, rejected Sextractor “stellar” images or overlapping isophotes

204 B dropouts since ACS data are deep; 20 V dropouts 

and 9 I dropouts but of course this is tricky based on only 1 band!

Z assumed, modest decline in size: at 1500—1700Ang Petrosian radius (half light radius divided by 2.6), broadly centered on 1 Kpc, z evolution (from 2 to 1 arcsec) consistent with either –1 or –2/3 exponent; similar result with half light radii

[but if not rotationally supported disks, then CDM predictions are not relevant; also theoretical models do not get disk sizes correct today]

Implies average v(circ) of 100 km/sec at z=2.9

Simulations to estimate incompleteness as function of radius, which is not bad for r>0.5 arcsec [perilously close to what is actually observed at high z]

Biases are fairly similar for B and V dropouts

Axial Ratios of B dropouts are all b/a<0.6, with tophat distribution which rules out extremely flattened disks 

Steidel’s lower z LBGs are now going for 15 Halpha spectra, and these show clear rotation, but they do not LOOK like disks at all, so unfortunately morphology/dynamics correlation is very weak

Weiner—DEIMOS DEEP Results at z=1

3.5 sq degrees: have a tenth of 50,000 galaxies planned for Deep2

Deep1 (Groth strip) 620 galaxies with <z>=0.65 showed  a few z spikes

46 x 30 arcmins #=1300 show giant walls and voids (A band at z=1.04 does not mess up much of z distribution)

U-B(Rest)=0.15 (Sb color of M31) is the minimum in galaxy color distribution at z out to 1.4, most galaxies are bluer than this, and the red color galaxies are NOT confined to either “disks” or “bulges” except that there is a peak of bulges at U-B=0.5.  ie red galaxies have the same full range of bulge/disk ratios as blue galaxies

Red galaxies are only luminous (-22 to –19.5), unlike blue galaxies which range from MB –22 to –17

TF result consistent with passive evolution to z=1, but linewidths show stronger evolution of DM/dz, since this has less strong selection for evolved galaxies than TF

Consistent with fundamental plane results requiring large z(formation) and passive evoln

Newberg+Yanny—SDSS Reveals Low Latitude Halo Stream Around MW

A stars at celestial equator show possible ring at 40 kpc (of HB and blue straggler stars), in same position as Sag dwarf [perilously close to edge of suvey limit]

CMD needs off-source target subtraction to show MSTO and HB of Sag dwarf, so much larger number of stars available at 0.1<g-r<0.3 which cuts out most thick disk stars, and assume that all MSTO stars are same luminosity

Subtract smooth model of galactic halo, squashed or prolate will not put a bunch of stars at anticenter which is where the bunch is observed, but a pure exp/exp disk could do that iff vertical scale height is large 2 kpc. But there is a narrow MSTO ring in anticenter (Monoceros), perhaps it is another disrupted dwarf spheroidal!?

Spectra of some of these stars (l=200) show radial velocity width of 30 km/sec, 

(Sag stream direction l,b =(165,-55) shows vel disp of 20km/sec)

consistent with THIN Disk, not thick disk or spheroid. How can they be 4 kpc above plane with this low dispersion unless they really are a separate streaming entity? Rotation velocity could be roughly 110 km/sec.Ring (R=18 kpc, possible HI counterpart?) would have 100—500Million star

MSTO is redder than in Sag dwarf; [Fe/H] estimated to be –1.6

No other equally prominent streams in full Sloan low latitude data, one or two smaller ones might be present around the MW, now that theyre getting more systematic

SDSS funding ends 6/05 ($5M/year)

Bland-Hawthorn (+Ken Freeman, ARAA) Signatures of MW Formation: 

Thick Disk

Environmental effects important complication at all epochs (see Simon White LesHouches lectures): eg. very normal galaxies such as M83 and Sombrero have distant stellar plumes at 28 mag/sq arcsec in Malin stacked plates

Do baryons settle into disk via cold accretion of little structures, or hot accretion, or dissipative collapse?

Thick (1kpc) disk is not universal in spirals, has only 1/10 surf brightness of thin disk, old stars with lower metal of –0.5<[Fe/H]<-2.2, enhanced alpha from SNII enrichment

Arose from heating of the early stellar disk, by accretion events/minor merger

Tag individual stars, either with kinematics (gets very scrambled—eg near resonances: Sellwood) or metal abundances and alpha, s process anomalies. Still not easy to estimate ages. (Eddington would measure smaller than millimag oscillations to get ages of 50,000 F and G dwarfs before 2010!) Now that we have [Fe/H]=-5 stars, these were enriched by only a few SN 

Were most stars born in large ancient (homogeneous) clusters? IF so, could we identify their former (now dispersed) members??  Need UKSchmidt UKIDNA R=10,000 spectra (limited spectral range) of millions of stars and GAIA phase space data for a 300 million stars within 10 kpc (8450-8750Ang)

Thursday, 16 January

Lotz of Dwarfs in HDF-N

Evolution to z<1, based on Bayesian maximum likelihood (as in Tolstoy, can combine multiple datasets, with inputs F(lambda),z for all your galaxies, with selection effects incorporated) Confidence limits by bootstrapping photometric errors in input catalog.

Parametrize with passive evolution, from a zform, delta Tform, (with exponential decay in SFR), Baryonic mass fraction, Shecter mass function, dust, metals, fixed unevovlving morphology/size distributions 

    475 galaxies at I<27.6 with zphoto<1—assumed to be exactly correct

Results: best fits with low AV of 0.1 or less in small deltaT (less than 108 yrs

Zform can be small (0.5) or large (up to 2), metals above 1/20th solar

Monte-Carlo simulation of best model makes dwarfs redder than obs at lower z’s, ie faint blue galaxy excess is still there in data:

Short bursts at z=1 formed most of their stars, but this alone does not explain low numbers of faded red remnants locally (are faint blue galaxies bursting dwarfs?:)

[also local dwarf CMDs show RGBs with wide range of formation times]

1) multiple starbursts likely, so simple blowout/feedback scenario is incomplete

2) some faint blue galaxies are not dwarfs but are having minor secondary starbursts

Dwarfs defined as MB<-18 today = M<1010  
External UV background at higher z prevents gas accretion, or at least star formation in smaller dwarfs, could this solve the missing satellite problem of CDM (but we would’ve detected them in local group in HI)

Barton-Gillespie--Star Formation in Interacting Galaxies

Gas is tidally torqued in grazing incidence in a similar way to minor mergers—triggers a gas bar which subsequently streams into center, depending on internal structure (eg dominant bulge suppresses bar formation, delaying star formation by about 400 Megayrs until late final stage of merger)[these results depend on simulation assumptions]

Subsample of 100 CfA pairs to get EW(Halpha), which has weak inverse correlation with separation

Salpeter IMF predicts somewhat bluer (B-R)slit vs EW(Halpha) than data, especially when dust reddening included (Calzetti dust much more reasonable since it has more extinction to gas than stars). Better IMF is steeper or cutoff

16 have EW>55Ang, but are not all distorted, at least with MHO 48inch images in 2arcsec seeing (tidal tails only appear in prograde encounters), while some very distorted galaxies have low EW(Halpha)

T-F relation is normal for most of these galaxies, except for 10 which are too bright in R

They have asymmetric or truncated rotation curves, so TF wasn’t properly measured

(4 of these are dwarfs with blue centers, so rotation curve is not very spatially extended—HI gives wider width—do these make “exponential bulges”?? they would look very concentrated during a nuclear starburst, in measures such as half-light radius)—are these compact blue galaxies at intermediate z? Suggests CBGs/CNELGs are forming bulges (embedded in disks), NOT bursting dwarfs, since they have fairly high metals

at intermediate z, you would see only center of galaxy, especially in integrated spectrum, so that Delta V would be seriously underestimated

Joop Schaye—Star Formation Thresholds and Galaxy Edges (astro-ph last year)

Annette Ferguson showed exponential for many scale lengths in nearby galaxies eg M33, but then stars/Halpha finally cut off  [observationally situation is unclear]

Halpha in outer parts is not azimuthally symmetric since it is in spiral arms

1) Skillman found 10 Msun/pc2 is a pretty good star formation threshold

2) Toomre Q as popularized by Kennicutt 1989 is purely about gravitatl instability, but Martin + Rob had to assume sigma=6 km/sec and recalibrate Q by factor of 2 [which could be caused by compression in spiral arms, or maybe B)

3) Elmegreen proposed high pressure from multiphase ISM can also trigger collapse, with high Q preventing formation of high-pressure regions, indirectly suppressing star formation

They are all in fact basically right:

Easiest to consider where star formation starts in outer disk, so we can forget about stars, feedback, turbulence, and starting phase of ISM is all warm

Model has exponential disk with metals (one tenth solar), dust AND extragalactic UV: plane parallel PDR

Hydrostatic equil: not isothermal, UV radiation maintains gas at 104K ie sigma=8 km/sec

Sharp phase transition to cold phase drops T by 100X, and sigma by 10X, triggering the gravitational instability (way more important than small change in k, which is virtually irrelevant, driving Q sharply down below 1), and converting all H into H2
Empirically this happens around log NH=20.75, or around a fixed n

Outside of this transition, expect HI disk to flare

Threshold criterion (which is basically local) works better than Kennicutt’s

Zabludoff—Poor Groups

Poor groups could account for half of all baryons, assuming they’re really bound

3 kinds of groups:

1) (20%) NGC 533-uniform relaxed X-rays centered on giant elliptical-many members: virialized, isothermal out to 700Kpc, scaled down rich clusters

stars = hot gas = 1011-12 = several percent of dark matter

2) HCG 90-irregular X-rays not matched to galaxies-younger, ??may eventually evolve into an “isolated” giant elliptical such as NGC 1132 (+its dwarf population)??

3) Local Group-typical prototype, 2 giant spirals falling in for first time, bound but not virialized, no common dark matter halo as in clusters--youngest

Since X-ray astronomers measure isophotal fluxes, they can miss 80% of the total X-rays in faint groups

No free HI clumps down to 107-8suns (HVC’s) detected

Jannuzi/Dey—NOAO Deep Wide Field Survey

HST Observations of Gas to z<1.6 using quasar absorption lines/STIS at 16 km/sec down to 1012.5 column OVI at intermediate z=1.1[cut to preserve skiing time]. watch out since theories predict that a Lyalpha line at z=3 vs 2 does NOT correspond to the same cosmic overdensity

Bootes region+ another field:  18 square degrees, deep enough to reach Lstar at z>1

With superb multiwavlength coverage
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MOSAIC/ONIS now replaced by Flamingos, 10’ FOV on 2.2m nearly completed; half of IR data reduced, comparing with 2MASS to set zeropoints which weren’t measured:hope for summer release

IR enables good star separation

1620 FIRST sources identified, mostly AGN

B dropout selection, found a z=4.23, 5.46 (Lyman alpha edge only)

Photo-z fits (good to 10-15%)  from BC exponentially decaying SFR: select red galaxies at 0.3<z<0.9, 150 spectra confirm low contamination

Clustering from 6% of data: r0 = 5.5/h Mpc comoving indep of z, rising to 9 Mpc for most luminous galaxies

EROs at z=1.5, not yet improving on Daddi et al

Martini—AGN Fueling

Mergers, nuclear bars—none of these appear to be particularly more common in Seyferts compared with normal galaxies

Shock dissipation in ISM is another possibility

disks are stable, with H mostly molecular

spiral dust lanes trace dissipation of angular momentum: Maciejewski simulations show 2-armed dust enhancement at leading edge of bar, where strong shock can extend all the way into the center

also possible in sheared filamentary multiphase ISM without any bar (Wada and Norman simulations show that gas does flow into center)

#=120 circumnuclear dust morphology from V-H HST colormaps: turbulence and spiral dustlanes, classified as: grand design (in a third of barred galaxies, along leading bar shock—inflow need not stall at ILR where it would pile up into an inner ring), tightly wound, loosely wound, chaotic spirals

a few have no pattern in the dust, and very few show no dust structure at all

paired control sample of inactive galaxies: same cz, Hubble type, inclination, luminosity and angular size (R_25) shows FEW REAL DIFFERENCES, except 25% inactive galaxies show no nuclear structure at all (versus 0% Seyferts)

lack of universal fueling mechanism implies AGN, at least at low levels, are episodic over millions of years

w/Kelson—AGN in Clusters

large optical spectroscopic surveys only found about 1% Seyferts (relative to 5% in field to same luminosity threshold) [isn’t this mostly E (S0) lack of Seyfert nuclei?]

new search with deep Chandra obs for point sources (L(2-10keV)>2 x 1041)

Abell 2104 (z=0.15) has 6 X-ray sources known members (some velocities are rather discrepant )=5% of R<20 mag ie MV<-19.5, and 6 fainter ones for which membership is unknown yet (plus 1 background and 1 foreground AGN)

Consistent with previous results because only 1 of 6 is Seyfert 1; other 5 have no optical emission lines [is this 5% Chandra detection rate the same as in the field galaxies?]

AC114 (z=0.31) 4 X-ray cluster members, and MS0451(z=0.54) 2 X-ray members

None of these have much line emission at all, whether they’re red or blue

Kanekar—21cm Absorption at Intermediate Z

GBT wide spectral coverage should find the absorbers (in a few hours), which GMRT will followup with interferrometric mapping (Tsys=110 for z(21cm) = 0—0.6, 1.1—1.5, 2.7—3.4 0.32 K/Jy) 8/21 detections down to mJy levels, at z=0.06—0.5  narrow lines 40km/sec wide

Claimed 1000 K in DLAs, does that mean we are looking through warm neutral medium (which appears to be relatively more common in dwarf galaxies), [or this may be wrong since it assumed that all of source was covered uniformly by both UV and radio absorbers, so most of the radiosource is actually covered by much lower NHI column than the atypically high Lyalpha estimate]

Handful of low-Ts systems are known to be nearby L* spirals with large widths of 100km/sec

(Spin temperature is 150 +/- 50 in MW (for 65 out of 70 LOSs))

OH absorption detected in all 4 redshifted mm absorbers

Schulte-Ladbeck—Dwarf Galaxy Crisis: Star Search in HVCs

None found! Even though CDM predicts loads of substructures: could they be the HVCs?

[if CDM didn’t make such sharp cusps, these extra satellites wouldn’t survive falling in]

Some HVCs are identified with galactic fountain, or Magellanic stream, but others could be at extragalactic distances

FORS/VLT  4 fields of 7 x 7’ can detect RGB out to 2Mpc, simulations assuming Phoenix RGB, which would have been detectable at d=500Kpc with Mtotal=-6

SDSS and 2MASS also didn’t find any stars, but they weren’t super-sensitive

Rauch—Galaxy Effects on IGM at High z

Does this compromise our assumption that Lyalpha forest traces gravity only on dark matter?

Simcoe/WLWS thesis HIRES search for OVI at 2.2<z<2.8 in 5 quasars

Total found: 18 systems but 6 are associated with quasar, only 1 expected spurious due to chance

OVI is broader and asymmetric relative to CIV, sometimes even quite broad troughs, and some doubles which could be wind bubbles or cones?

[like in MW ISM LOSs]  

 [O/H] > -1.5 which is 10x higher than CIV absorption system abundances

rough estimates: 60kpc size, 10—30 overdensity which is surprisingly low

cartoon: 10—30Kpc accretion shocks around each galaxy, which shows up in SiII absn, surrounded by larger CIV envelopes

Collisionally ionized OVI chimneys bunch outward through infalling primordial gas, and these winds can entrain a great deal of cooler mass

Expanding at super-Hubble flow velocities, since they are draining out of voids into filaments and the voids have super-Hubble expansion

Cross-section could be satisfied if ALL LBG’s had OVI haloes with r=40kpc

[is there enough room left in between all these winds for the normal undisturbed IGM Lyalpha forest?]

presumably there is also weaker photoionized OVI, associated with weak Lya forest lines, and has same low abundance as CIV in the Lya forest  (Carswell; Bergeron 2002)

test with 2 close lines of sight (all lensed quasars that Keck HIRES can do)

3 best are UM673, HE1104-1805,Q1422+231

fairly strong CIV system pairs show velocity shifts and column density differences:

But velocity differences small for separations under 500pc, only at 1kpc separation do velocity differences blow up to 50 km/sec (implies quiescent relative to star-forming HII regions today)

Column density changes also very similar out to 200pc=minimum size of CIV clouds, and then blow up at larger separations

Nicastro—Local Hot Gas: Chandra Detects the Missing Baryons

Problem: Lyalpha forest and BBNS both want baryons to be 3.5% of critical density, but locally adding all stars, gas (hot and cold) gives only half of this

Hydro simulations predict a local shock heated web of gas filaments, most of the volume is still Lya forest, but 40% of the mass is in the Warm-Hot-Intergalactic Medium, detectable in very weak OVII and OVIII (maybe CVI, NeIX) with density of 10-5 to –6, collisionally ionized at 1 million K, one tenth solar abundances

Too thin to detect bremstrahlung emission, only chance is soft X-ray absorption with Low Energy Grating (R=400) 70x better than any previous

PKS 2155-304 during a flare—shows OVII (EW=12 milliAngstroms at 21Ang) and NeIX (and maybe OVIII) Kalpha lines at zero redshift (as is the OVI absorption in FUSE) 

No “galactic” solution (high density/collisional equilibrium) could be found.

WHIM solution at a million degrees, and few Mpc distance, with column NH=5x1019
54 good FUSE AGN spectra: 45 show at least one “high velocity (>100 km/sec) OVI absorber at z~0: (+/- 300 km/sec seems consistent with Local Group rest velocity)

selection effect: we could only see the very close filament which has the big covering fraction

TOO on more flaring blazers: Mkn 421 gave 4 million counts which show 10mA OVII line at z=0 and maybe a line at z(Mkn 421) and maybe maybe maybe at z=0.01 (3mA=1 sigma), which you might believe since it agrees with Lyalpha redshift and 700ksec XMM/RGS confirmed it

“statistics” would be consistent with dN/dZ of 20, or maybe 75??

[how do we know these are not weak ejected gas from the blazars?]
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Chen—Multicolor UBVRIJHK Dupont Imaging of DLA’s at z<1

Great seeing 0.6—0.9 arcsecs, 0.5 in NIR

Photoz’s accurate to 0.08(1+z) up to z=1.2 from LCIRS (Chen 2003 using LDSS2 on Magellan)

Volume density of random field galaxies near quasar LOS, within +/-0.1 of z(DLA): predict less than 1 galaxy down to 0.1L* out to 5 arcsec

PKS0439-433—has nice spiral 4 arcsecs from quasar z(DLA)=0.101, agrees with photoz, spectrum shows HII emission lines (fairly metal-rich), DeltaV=280 km/sec (gas may corotate with disk) and Balmer/HK absorption at 0.101

PKS1127-14—busy field, z(DLA)=0.31 fuzzy I=22 galaxy with photoz=0.27, and a surrounding cluster of 3 galaxies at z=0.313, each of which could possibly be contributing one of the 4 21cm HI components

EX0302-2223—fuzzy patch 3 arcsec away, photoz=0.96, z(DLA)=1.11

Summary: 11 likely detections (2 failures) separated by 3 to 6 arcsec (6-20kpc impact param, uncorrelated with NH), MB = -18 to –19.5, indep of z—fitted with sigma = const L0.8 (Holmberg relation)

Zaritsky—High Z Clusters+Galaxy Assembly in Hierarchical Models

How to identify progenitors with modern day galaxies? Don’t rely on colors, morphologies which are hard to predict. Focus on Brightest Cluster Galaxy, easy to select.

Huge haloes take a long time to build up. R1/4 law is not too terrible a fit; velocity dispersion of diffuse light increases from galactic value, up to cluster dispersion at >50 kpc. Including all halo light increases total by ~25% [but this is not enough to agree with high CDM predictions. Rachel S. says CDM predicts that most BCGs formed in “dry mergers” of two ellipticals, which do not look very spectacular]

LC Cluster survey (3mins on 40inch) finds 1000 ripples (subarcmin) in background sky in 70 sq degrees drift scan images after all individual galaxies have been removed Z(clus)=0.3—0.8; Sloan should find >100,000 clusters: enough for you?!

VLT images candidates, looking for red galaxy excesses, which are found in 20/30 cases

Strong lensing (arcs) found in same incidence as X-ray selected clusters

Cluster of clusters at z=0.45 all show up in Chandra (1015 suns total)

(V-I)BCG follows red passive evolution(z) track for high z(formation), but they are 0.7 mag too faint in Hubble diagram based on local BCG’s (in metric aper)(Mass assembly

NICMOS Snapshot survey to get surface brightness profiles, mostly fit by R1/4

Not very disturbed appearance. Reff is limited to fairly small values, compared with local sample which can be twice as large, (need to correct for systematic V/K differences in Reff estimates)

Cowie

Most of EBL has been resolved by deep counts where available, but even if there’s only 20% left over, it could amount to 50% of total energy budget if it were at z=5

Intergalactic gas: need tools to study it when Lyalpha bedomes opaque (at high z), so we still do not know whether we’ve found a neutral universe at z=6, or just heavier line blanketing, at same time we’ll have to move into near-IR spectroscopy

Doubts that we can measure Lyalpha from infalling gas as suggested by Barakan, since there are too many confusing lines intrinsic to quasar

Ionizing background is clearly present at z=6, can we find those sources? Ultradeep Chandra surveys can find “all” AGN; 500 sources in CDF-N in 2Megasecs: knee in counts at 10-14 ergs/sec/cm2 shows that when we go down 2 orders of magnitude fainter than that, we have resolved the XRB; half have identifying spectra, mostly at the brighter end. (I-Z’) colors are bluer than 0.7 (AB) so unlikely to be terribly high z

GOODS color searches out to z=7, 

or narrow band Lyalpha in Suprime 8160, has a lot of OII, OIII contaminants, and red stars, variables—spectroscopic followup needed to show asymmetric red wing in Lyalpha, detected in 10 objects at z=5.7, LF comes out similar to z=3.4 LF, suggesting a rather flat Madau plot at z=5.7 IFF the efficiency of making Lyalpha is just the same at z=5.7

9180 window has one Lyalpha emitter (100 km/sec width) confirmed spectroscopically z=6.6 (Subaru has another few and should eventually have enough for an LF), it is lensed and therefore spatially resolved

Suprime data on HDF-N/GOODS will be released next month

Barger et al 2003 AGN LFs at lower luminosities (1043--44=bright Seyferts) continue to rise all the way down to z=0 (almost up to 0.0001 Mpc-3), unlike quasars, due to extreme undercounting of “Seyfert 2’s” “AGN Downsizing” [but very few Chandra sources look like classical Seyfert 2’s; Len just takes all dull galaxies in Chandra as this sort of AGN]

at high z the LF is too shallow for the faint AGN to produce the ionizing background—it must therefore be galaxies

SCUBA sources in A370 are either AGN or very hard to identify (maybe red arcs?)

Source counts have knee at 1mJy at 850um (typical ULIRG), comparable to typical EROs and VROs (mix of dusty starbursts and red ellipticals, according to K20 spectroscopy of Cimatti et al 2002), whereas LBG fluxes from stacking are only a few tenths of a mJy, and only produce 20% of total 850um background

Local evolution in Madau diagram is probably shallower than previously thought, maybe (1+z)2, while SCUBA says there is very little turndown at z=2—4

Bell—Evolution of Early Type Galaxies at z<1 with COMBO-17

COMBO-17: same as CADIS 5 broadband + 12 narrow passbands for 3 half-degree fields (CDF-S, Abell 901, S11 Equatorial)

Zphoto with empirical templates (50% complete) to R=24 (survey cutoff), accurate to 0.03, for 25000 galaxies out to z=1 (where they stop, still having two filters longward of HK break)

SDSS/2dF find bimodal galaxy color distribution locally, and continues at higher z:

Color U-V /magnitude diagram shows tilted red sequence, and a blue peak among fainter galaxies. These persist up to z=1 as red galaxies get gradually bluer by 0.3 in U-V (consistent with passive evolution from 1.4 to 1.1 at MV=-20), and blue galaxies become relatively more numerous

PEGASE (ignoring dust) says blue galaxies have SFR/<past SFR> ~1/3 (and even a mere 0.1 ratio is enough to get into this sample, ie not a great deal of recent star formation needed), while red galaxies have birthrate ratio below 0.02

LF of red sequence galaxies at z=1 (has been controversial, due to selection which is sometimes simply a constant color cut) 

Flattish low-L slope alpha=-1; L* brightens passively at high z; rest frame B band luminosity density is independent of z out to 1, which is too low by factor of 2 from passive evolution prediction (happens to be CONSISTENT with Cole et al blind prediction for the same color criteria), but at z=0.6 where noise is least, this discrepancy is pretty subtle, especially depending on Sloan anchor point at z=0. Large cosmic variance from large scale structure, even with these large fields [but a very minor “frosting” of young stars, not noticeable to CDM models, could move red galaxies to blue-> better to make this test at longer wavelengths. But there aren’t enough medium-color galaxies in the red/blue “gap” to make up a factor of 2…(?)]

GOODS ACS for 150 in center of CDF-S: mostly bulge dominated at z=0.6—0.7 (with 10% of luminosity from inclined spirals ie reddened), while most of blue sequence is disk dominated or compact

Moustakas—GOODS/ODT Galaxies at z>1: A Preview

CDF-S 10 x 16 arcmin: JHK from SOFI and ISAAC, plus 11 optical bands down to U’

Photo-z following Benitez et al using 16 empirical SEDS (CWW plus starbursts), Mobasher working very hard on this, to get to 0.1 accuracy, fairly good for Sy2, but not for Sy1 s, Hasinger has a few dozen of each

Spectroscopy of K selected sample has too many lower-z galaxies, especially given cosmic variance of clustered galaxies (VIRMOS to z~1)

R-Ks Color selection for 4000Ang break (“complements” photo-z selection),

ERO is supposed to be redder than passively evolving old galaxy at any z.  

r0~10/h Mpc, volume density of 0.001 h3 /Mpc3

R-Ks vs Zphoto for Z catalog of 8000 galaxies: there are no R-Ks>5.3 galaxies (#=130, some are not perfectly symmetric, they have high concentrations, 1 is a cool dwarf star) closer than z=1, and there are a small sprinkling of R-Ks > 6 true EROs supposed to be at z=1—1.5

Only red envelope is best fit by early type SEDs, most others (R-Ks < 4) better fit starburst /late type SEDs; bluer galaxies have lower concentrations and higher asymmetries

Ravrindanath GALFIT finds all bulge/total values from 0 to1, indep of R-Ks from 5.3--6

7 of the R-Ks galaxies are X-ray sources

Pozzetti/Manucci  R-K/J-K diagram only works at z right around 1.5

Group/LSS of EROs around (within 500 kpc projected) a z~1.5 galaxy with Ks=19.6 (L*) and R=26.8

