
The Cosmic Web at High Redshift 
Dick Bond, CITA (+ Kofman, Pogosyan, Wadsley, Myers,..) 

peak-patches: δ > 100, massive galaxies at z - 3  
are the rare events in the medium => intermittency 
(dwarf galaxies at higher z, groups then clusters at lower z)   
filaments: δ ~ 5-10, bridge massive galaxies, dwarfs 
bead the bridges & there are smaller dwarf bridges 
2-peak constraint of nearly-aligned tidal tensors => strong bridges  
membranes: δ ~ 2 intrafilament webbing 
3,4,...-peak constraint of "clustering patches' of peaks 

=> A “molecular” picture of large scale structure  



Applications of Peak-patch/web ideas 
clusters & superclusters: SZ, lens, X-rays at z~.4 (sph/treeP3M) 
 "reconstruct" initial conditions with "top N" peaks/voids  
Y compression of essential LSS info {rpk,epk,ij,Vpk, (∇δL=0)} 
galaxy bias & likelihood of rare super-patches at z ~ 3 
peak-patch clustering via multi-box tiling of large regions 
with phase-coherent ultra-long waves as well as short ones 
starbursting galaxies at z ~ 2-4, seen in submm 
merging peak-patches 
Lyman " forest at z ~ 2-5, filaments + dG's    (sph/treeP3M) 
"shearing patches", constrained by {<eij>V}->{ν,ev,pv},  
linear tidal field = linear strain field = linear shear field 
First Objects: inhomogeneous reionization at z ~ 10-20 
Stromgren spheres around ‘dwarflet’ peak-patch clusters 



Las Companas 
Redshift Survey. 

Biggest to date 

Schectman et al.  
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ΔT/T  
red < -30 x 10-6 
white <-2 x 10-6  
blue < -5 x 10-7 



Cluster Peak Patches 
in Final State Space 

(Eulerian)  

(400 Mpc)3 simulation 



N-body groups 
in Final State Space 

(Eulerian)  



Cluster peak patches &  
N-body groups overlapped 
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in LSS  

B + Kofman + 
Pogosyan 96-99 
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superclusters 
in the Century 

z-survey 
(Geller etal 98) 

150 h-1Mpc 

CorBor: biggest scl in Northern Sky     7 cls, M . 4 x 1016 h-1MÀ  
 M/LB(<20h-1Mpc) . 560 h LÀ /MÀ Y S . 0.36 " 0.1    Small, Ma, Sargent, Hamilton 98 

Hercules: 3 cls, .8x1016 h-1MÀ, 530 Y S . 0.34 " 0.1    Barmby,Huchra 98   

Shapley: 20 cls, /1016 h-1MÀ, core+web  Bordelli etal,, Drinkwater etal   
c.f.  CNOCI 14cls Y S . 0.19 " 0.06  " 0.04   Carlberg etal 96,97  



CorBor: biggest scl in Northern Sky     7 cls, M . 4 x 1016 h-1MÀ  
 M/LB(<20h-1Mpc) . 560 h LÀ /MÀ Y S . 0.36 " 0.1    Small, Ma, Sargent, Hamilton 98 

Hercules: 3 cls, .8x1016 h-1MÀ, 530 Y S . 0.34 " 0.1    Barmby,Huchra 98   

Shapley: 20 cls, /1016 h-1MÀ, core+web  Bordelli etal,, Drinkwater etal   
c.f.  CNOCI 14cls Y S . 0.19 " 0.06  " 0.04   Carlberg etal 96,97  

X-ray cls S=(.3".1)h-1/2   
SZ cls (45) (.25 ".04) h-1     Mohr etal  

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

cl baryon fraction + BBN S-0.3 " .05  
cl abundance evolution   S-0.25 " .1    e.g. Bahcall etal 99  







Constrained 
Supercluster 
Simulation 

Comparing 3 
Cosmologies 

Blank field 
SZ >Counts' 
from clusters 
stronger test 

ΔT/T  
red < -30 x 10-6 
white <-2 x 10-6  
blue < -5 x 10-7 





ΛCDM  

   z = 0 to 2 

peak-patch 
clusters 

interferometers 
c.f. Planck 

ΔT/T  
red < -30 x 10-6 
white <-2 x 10-6  
blue < -5 x 10-7 









Hubble  
Deep Field 

+ 
 some  

redshifts 





CFRS-1417+52 Field 

Canada-UK Deep Sub- mm 
Survey (CUDSS) 

Simon Lilly (Toronto) 
Steve Eales (Cardiff) 
Walter Gear (UCLondon) 
Dick Bond (Toronto) 
Tracy Webb (Toronto) 
Loretta Dunne (Cardiff) 

 + many others 
Goal:  

cover two  
8 x 8 arcmin2 regions  

to a 1σ   1 mJy level with SCUBA 
on JCMT 

complemented by deep ISO/WIRE 
mid-IR, VLA radio and CFHT/HST 

optical & near-IR images 

for studies of galaxy formation and 
evolution and CMB foreground 

anisotropies 

JCMT observations to be 
completed January 2000 

(60 x 8-hr shifts) 







Cluster Survey of  Lens-Amplified submm sources 

Smail, Blain, Iverson, Kniebe, Barger, Cowie, ... 97/98/99 



Cluster Lens survey  
Barger etal aph/9903142 
Amplification - 2.5 
17 sources > 3σ 
(2 mJy = 1F noise) 

CUDSS 
Eales,Lilly,Gear,B,... 
7/98:11 sources > 3σ,  
6 IDs secure,  
5 faint IDs or >blank',  
more area now  
(1 mJy = 1σ noise) 

HDF survey 
Hughes etal 98 







CONTOUR 

1/3   mJy/beam 

JCMT SCUBA 
Experiment 

14" beam, 30" throw 

"CHOP & WOBBLE" 

















"Galaxy" 
peak-patch 
simulation 
40 Mpc box 
(comoving)  
20 Mpc region 

pks at Z=4 

"Ly alpha" 
filament 

simulation 
5 Mpc region 

 reconstruct IC 
7peak/2void 

constraint 
5 Mpc diam 
high res  core 

"Galaxy" 
sph/P3MG 
simulation 
5 Mpc region 

tidally- 
oriented 

peaks/voids 
overlaid 



Z=4 
CONSTRAINED 

"FILAMENT" PATCH 

Z=3 
AMBIENT  

"SHEARING" PATCH 
Via a 5-peak 2-void  

dwarf galaxy constraint 
<  δL >1Mpc = 0,  "νb = 0" 

5  Mpc comoving 





Knox 
Scoccimarro 
Dodelson 

astro ph/ 
9805012 








