Dick Bond, CITA

: 0 > 100, massive galaxies at z - 3
are the rare events in the medium => intermittency

: 0 ~ 5-10, bridge massive galaxies, dwarfs

bead the bridges & there are smaller dwarf bridges
2-peak constraint of nearly-aligned tidal tensors

: 0 ~ 2 intrafilament webbing
3.,4,...-peak constraint of "clustering patches' of peaks

A of large scale structure




Applications of Peak-patch/web ideas

(sph/treeP’M)
"reconstruct” initial conditions with "top N" peaks/voids

(V 6L:O)}

Y compression of essential LSS info {rpk,epk,ij,Vpk,

peak-patch clustering via multi-box tiling of large regions
with phase-coherent ultra-long waves as well as short ones

merging peak-patches
(sph/treeP°M)

"shearing patches”, constrained by {<eij>v}-> {V,e.,Ps )
linear tidal field = linear strain field = linear shear field

Stromgren spheres around ‘dwarflet’ peak-patch clusters




Las Companas
Redshift Survey.

Biggest to date

11263 galaxies

South
12434 galaxi
galaxies =
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Fig. 1.— The redshift and comoving-space distributions of cluster peak-patches, Only the clusters with
vpe > 850km s~ and baryonic mass above 10'* M. The 3 cosmologies shown, {S, A, O}CDM, all reveal
large scale superclustering features, though more pronounced in OCDM and ACDM. Most dramatic of course
is the dearth of impressive clusters at high redshift in the sSCDM model.
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Fig Plade | — Cone: dingram for the Calury Survey, The right asamsion runs from 854
1o 16.5* and Lhe madial groen Fnes are al 2 hoar intervals. The ouler boundary of the plot =
al 45.000krn »~" and the groen lines al. comatant. wdocity maek 15000 krn o' inlervaln. Blae
painls represend spiral galaxies; yellow ones are carly (ypes. In {he gray-groon ragions Lhere:

n arnix of lypes,

7 cls,M.4 x 10 h-"M,
M/Lg(<20h""Mpc) . 560 hi,/M, Y S . 0.36 " 0.1
Hercules: 3 cls, .8x10"° h-TM,, 530 Y S . 0.34 " 0.1
Shapley: 20 cls, /10' h-'"M,, core+web

CNOCI 14clsY S.0.19" 0.06 " 0.04

CorBor: biggest scl in Northern Sky




Keray cls S=(.3".1)h1/?
S7Z cls (45) (.25 ".04) h'!

scl lensing (3 cls) z=.4 S-0.3 or so

cl baryon fraction + BBN $-0.3 " .05

cl abundance evolution S-0.25" .1

CorBor: biggest scl in Northern Sky 7 cls, M . 4 x 10'° h"TM,
M/Lg(<20h"Mpc) . 560 hi,/M, Y S . 0.36 " 0.1

Hercules: 3 cls, .8x10"° h-TM,, 530 Y S . 0.34 " 0.1
Shapley: 20 cls, /10' h-'"M,, core+web
CNOCIl 14clsY S .0.19"0.06 " 0.04




/=30 7=15

7=0).5

Gas density noa ~ [00Mpe (comoving diameter) pateh ab redslafts ==3, 15, |, 0.7, 0.5, 0.2, 0.1 and 0.0
(clockwise from the top) from a 1.6 million particle constrained-field “super-cluster” simulation, with HR
region 104 Mpe, MR region 166 Mpe and LR region 206 Mpce, with wave coverage to £~ = 1000 Mpe, the very
long waves entering through a self consistent mean tidal field, 17 peak patches (found at z = 0) were used as
constraints, defining a complex supercluster region in a 400 Mpe simulation. The cosmology shown is ACDM
(e=0.91, h=0.7, ©2,.=0.3349).




/=05  7=LT

T

Dark matter density 1o a ~ 100 Mpe (comoving diameter) patch at redshaifts ==3, 15,1, 0.7, 0.5, 0.2, 0.1 and
0.0 (clockwise from the top) from a 1.6 mallion particle constrained-field “super-cluster” smulation, with HR
region 104 Mpe, MR region 166 Mpe and LR region 266 Mpe, with wave coverage to k=' = 1000 Mpc, the very
long waves entenng through a self consistent mean tidal field. 17 peak patches (found at = = 0) were used as
constraints, defining a complex supercluster region in a 400 Mpe simulation. The cosmology shown is ACDM
{ou=0.91, h=0.7, Q,,=0.3349)
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Fig. 1.~ The comoving-space distributions of galactic halo peak-patches. Left has baryomic mass above
3x 10" My, right has a vgg > 200Kkm 57" cut as well. The slice is 8.75 Mpc think, and the tiling boxes were
40 Mpe. The 4 cosmologies shown, {S, A, O, H JCDM, all reveal large scale features, though maore proncunced

in OCDM and ACDM,
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... but the optical is literally
only half the story!

In the local Universe, about 40% of stellar

luminosity emerges as thermally re-radiated
emission by cool dust.
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Rough equivalence of energy content in integrated
optical and far-IR/sub-mm extragalactic
backgrounds suggests that this dust continues to be
important at high redshifts




Canada-UK Deep Sub- mm
Survey (CUDSS)

CFRS-1417+52 Field

JCMT observations to be
completed January 2000
(60 x 8-hr shifts)




Eales Gear
A Canada-UK ¢ &4 8

Deep Survey with SCUBA*

*Sub-mm Common User Bolometer Array
(Walter Gear, ROE)

SCUBA Sensitivity:

36 ~2.7-3.0 mJy at 850
pm in 8-10 hours =
detect 10'2 L, to z ~ 6. €

N.B. objects do not get much
fainter beyondz=0.5! —» A R AT

Survey Goal: to identify the sub-mm
background, to search for high luminosity
highly obscured objects (proto-ellipticals?)




SCUBA data
(January and March 1998)

8-10 hr integrations in CFRS-03, CFRS-
10 fields plus mosaic in the CFRS-14 field

11 sources detected at 850 um in
20 arcmin? with Sgs, > 3 mJy

= 25% of the Puget/Fixsen
COBE/FIRAS background




Cluster Survey of Lens-Amplified submm sources

THE SCUBA CLUSTER SURVEY Smail, Mivon, Slain & Knelb
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Amplification - 2.5

17 sources > 30
(2 mJy = 1F noise)

11 sources > 30,

6 1Ds secure,
5 faint IDs or >blank’,

more arca now
(1 mJy = 10 noise)

Y
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.. Lens Survey

" Blank

CFRS Survey -

Blank
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Fig. 1.— The comoving-space distributions of dwnrf galaxy peak-patches and minihalos. Left has
vee > 9km 8=, right has vge > 30km s~*. The slice is 2 Mpe thick, and the tiling boves were 40 Mpe, The
filaments bridging these dwarf galaxies define the lower Ny, Lya forest, while halos with vgpg ~ 30km s™!
dominate the Nyy ~ 10'® regime. The forest hydro simulations cover only 1/8 of the 40 Mpc st high
resolution. This figure therefore emphasizes large scale waves must be included in our small scale “shear-
patch”™ simulations, whose size is governed by our need to resolve 1 kpe structure in galaxies at :=3, The
patches then typically include many 30km s=' halos but oaly a handful of 90km s~ ones. The currently
largest periodic simulations with this resolution are not much bigger, but miss the long waves. We can use
these peak-patch/cosmic web simulations to compare predictions for different cosmologies with the large
scale structure probed by multiple quasar line-of-sight data and long range velocity space correlations in
quasar spectra as well as emerging high-z catalogues.
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JCMT SCUBA
Experiment

14" beam, 30" throw

"CHOP & WOBBLE"

CONTOUR
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Fig. 1. — Nyj Calumn density throngh 2 Mpe thick slices at 2 = 1 The eosmnlogies shown,
clode-wine from the top left are SCDM, HCDM, OCDM and ACDM. .7 3 has heen adjusted in
each case o fit the flux decrement oheersations of Ranch ef al. (18897). The contonm in login Vi
are 11-1274 (dark), 134 (dark grey), 118 (medinm grey). 14 (light grey), 146 (dark), L& (black)
and 17 (white).
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Fig. 7.~ The nonlinesr demsity evob &(1) of idealized spheres (top curwe), flaments (middle) and
membranes (bottom) of Lagrangisn scale Ry for which the smoothed linear rms smplitude of density
Suctuations o(Ry) Is 065, Solld curves show &(f) for the structures with initial (linear) density equal
08,4+ 204, d = 1,2,3. The shaded bands delineate the range of #(1) for initial donsities [8, + o4, 8, + 2.50,].

Values of §; and o are given in Fig. 3.
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Fig. 31.— The Lyman~x interclond medinm: Caolnmn density, Ny, throngh 2 Mpe thick slices
for four ecemnlogien with UV fliux acaled tn fit the abeerved flux decrement ane-paint: distribution
fanetion. €y A=40128 threnghont. Top left: SCDM v = () mn, 2=% with anly the § > %) dond
eemfribntion shown. Top right: at d > 2 the infrafilament webbing appeam. The web theary of
filaments predicts that the typical smoathed overdensity shanld be ~ & — 1. Boftam right: § > 10
gan. Bottnm left: § > & gas. A similar story halds for ather ecamalogies. The ecntonm in login Vyr
are 11-1275 (dark). 13 (dark grey). 116 (medinm grey). 14 (light grey). 14 & (dark). 16 (black)
and L7 (white).
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Fig. 11— Calnmn density distribution far enr total smnlations sumple. 2 = 3. The plot covers 1)
ardems of magnitnde and comparea the SCDM remilt to the data of Petitjean st al (18965) (black
baxee) and Hu ef al. (1988) (dotted and dashed boxea) (zac ~ 2.7). The baxes represent hins
with the top and bottam of each bax being the Paisson error. The dotted Hn ef al. baxes hase
hasd & blending carrection applied which has not heen attenpted with the simnlated lines. We
have adjusted the UV fiux in arder ta fit the obeerved flux decrement 1 paint distribution. The
aimnlation fails tn reprodiues oumbem of donds abave 10 earrectly becise of self-shielding of the
imizing finx at high ealnmna.
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Fig. 7.— The Ny; Calumn density distribuntion obtained with different mean shear (7). Fiwe
aimulationg with v = —~14, 07,0, 4.7 and 1.4 (enrvee fom bottam to top) ecatribute to the
total munple for ench cormology (ccnoseted dinmond enrve) . The mmmology shown here in SCDM.
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Fig. 32— clmd/interdond eplit in ealnmns. The Calnmn density distribution per nnit: redshift: at
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"Galaxy"
peak-patch
simulation

ey (i

Fig. 8 — These plotk chow the reconstruction of a galaxy-galaxy filament. preqent, In our 40 Mpe “galaxy™
sondatinn, The commnlogy 1 & Aandard, initially seale-lnwariant, Q=1 CDRI meoxiel with 25=0.06, h=05,
normalized to #=067. We nred the cormologleal SPHAP*MultiGrid code. We identified the peak-patches
that, chonuld collapee by » = 4 In the initial conditinns (IC), Az khown in the top left. panel (which is 104~ Mpe
acrons, comoving). For each patch, the outer ellipanid reprerents the alignment, of the shear tensor axd the
inner rphere iz An extimate of the final ohject, Rize. In the lower left panel, we zoom in oo the cenfral
flamentary weh structime axl overlay dark matter from & dmulation of these IO (panel 254" Mpe acroms)
The five peak patcher (af. * = 4 with overdendity 180) sad two wids that. define thiz reglon were weed as
conrtraints for & new higher reohition IC (12.8 Mpe), which we alan evolved nimerically. Theae peaks are
fhvwn overlald with dark matter from the new fRimulation in the right. haxl panels. The top right, prael Iz &
different, orlentation to the othens that. shows the ilament. more clearly, alan shown in fig; In igure 8. There
panek demonstrate that, peaks repreqRent, An excellent, WAy to compress the eawntial informatioa ahout, largs
reale fllamentary hebhaviour.
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Via a 5-peak 2-void
dwart galaxy constraint
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Fig. 1.— The comoving-space distributions of tiny dwarflet peak-patches between z = 14 and 15, Left has
vgg > 3km s, middle and right have vge > 30km s™!. The tiling boxes were 4 Mpe.
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Fig. 6.— Left panel: Probablity of the eigenvalue signature given the overdensity threshold
P(sign|v), v = §/o. Right panel: Density distribution given the type of shear tensor, P(v|sign).
Mean densities for the given shear type are 8, = 1.660, 0,60, —0.60 for (+++),(~++) and (-~ +)
cases labeled by d = 3,2, 1 with dispersion 04 = 0.560 almost equal for all configurations.
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Fig. 4. Constrained primordial density fedd (5(r)|A;, Ay, As) 88 & function of distance ¢ in units of the
filter scale Ry, in the three eigendirections (1-top, 3-bottom). The Jeft plot corresponds to the shear with

all positive (+++) cigenvalues. The right plot represemts the case of " filsmentary” behaviour of the density
in the neighbourhood of the (- 44+ ) sheared poimt. Dotted and dashed curves show the snalytic short and

long distance asymptotics
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Fig. 31— The two (linear) power apectra shown (sealed to redkbift. 3) The upper ourve at high & iz the
srandard untltad CDM mexkel, it normalized to clugter ahnixdances, 7z = 0.67. The other hag the pame
cormologkal age (13 Gyr) and Qzb? (00125) . Hp = 70 with Qa = 0.67, Bghtly tiltad to he COBE-
normalied (1, = 0.941). (Al ghown It A COBE-normalised CDM mode], which sl the aolid data polat,
in the chister-hand (onnstraint. from da,,/@7y).) The handk in comoving wavemmher probsd hy variows
soulatinm are contrasted . Perlodic dlonilationg may we the entlre vohime, bt the k-space restriction to e
hetween the imdamental mode (bw-& houndary Bne) and the Kyiuist, wasenumhber (high-# hoindary ine)
1a the IC can meverely curtall the rare eventsin the medbim that ohrereations sspecially prohe, ad prevents
tidal distortions of the dinulation wohme. We ke 3 k-wpace rampling procedires (FFT and two dinect, FTk)
with the houndariss defined hy which haz the mallest. wolime per k-mode. Esen though & 256% Fourler
transiorm was ured, notice how early the direct. sampling takes over (with cnly 10000 mexdes). Using an
FFT with the very Sat spectra in the dwarf galaxy (dG) hand can give mideading remilia. The 3 low-k Enen
shown for our Lye and galaxy dlonlatinm ceorrespond to the high, madhim axl 1o reschition fimdamental
moder We actually inclwde modes i the entie hatched region, with the tidal flelds asndated with the
longer waver Included hy & relf-annaistent, nnlfnrm t¥le oo the LR /imulation vobme. & deantar our hest,
meolition, az, denotas the physleal (heat) lattie apacing for the grid-hassd Enlerian hydro axdes of Cen
and Zhang el (* =3). kwpace domalm for twe lange scale stnktiure (¢ = 0) donilatinmg are alae showa,
A Klypin 256% PM calonlatin snd & Conchman (Iahelled hugh) 128% PRA gimulation.




