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 phonon ~ ζ =lnρ|a /3(1+<w>)= energy-density quanta 

Cosmic_Probes[ζ(x), qcosmic, isoc, ..] or ζ(k), 
or looking out ζLM(χ), χ=|x| & ζLM(k), k=|k| maps

LSS_Probe	
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  of	
  nonG	
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  CMB	
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  ±	
  5

How	
  many	
  high	
  precision	
  extra	
  modes	
  can	
  we	
  realize?

isotropic (volume) strain ~ ζ=lna|ρ ζNL =ln(ρ a3(1+w))/3(1+w) <= dE+pdV  

gravity waves ~Transverse_Traceless_Strain: no tomography, limited L range nt

Quantum Inflation in the  
2015 Planck Era & Beyond  
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lyman page, ferrara 2014CMB stage II, III, IV  
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Jan 2015 flight ~ 16d  
fsky,eff=0.65 
3/3 @ 90/150 GHz 
~2K detectors incl yield 
L ~ 10-300 
2016+ flight 
2/2/2 @ 90/150/280 GHz

forecasts 
0.03 2 sigma 1st flight no fgnd 
0.02 2 sigma 2nd flight 
0.03 2 sigma 2nd flight fgnd cleaned

jeff filippini @ potus
sept14 just after PIP97



The ACT Collaboration 
ACT, now ACTpol, => Advanced ACTpol 



Advanced	
  ACTPol	
  (AdvACT)	
  Observations

• ~20,000	
  deg2	
  survey	
  (fsky~0.5)	
  with	
  complete	
  LSST	
  overlap	
  as	
  well	
  
as	
  DES,	
  ALMA,	
  and	
  other	
  observatories	
  located	
  in	
  Chile	
  

• Substantial	
  overlap	
  with	
  spectroscopic	
  surveys	
  (SDSS,	
  PFS,	
  DESI)



AdvACT:	
  Power	
  Spectra

• High	
  S/N	
  B-­‐mode	
  detections	
  
for	
  r	
  >	
  0.01	
  are	
  measured	
  in	
  
independent	
  frequency	
  bands	
  
(90	
  &	
  150	
  GHz)	
  and	
  on	
  many	
  
patches	
  across	
  the	
  sky.	
  	
  

• This	
  provides	
  important	
  cross-­‐
checks	
  on	
  any	
  detected	
  signal	
  

• Also	
  shown:	
  
– Error	
  bars	
  before	
  and	
  after	
  

foreground	
  cleaning	
  
– Varying	
  amplitudes	
  of	
  the	
  

gravitational	
  lensing	
  signal	
  for	
  
different	
  values	
  of	
  the	
  sum	
  of	
  
the	
  neutrino	
  masses	
  

– Planck	
  forecasts

Error	
  bars	
  above	
  shown	
  for	
  r	
  =	
  0.2



CMB stage IV  
DOE funding, grand unification of ground efforts 
200-500K detectors @ SP, Atacama, Greenland (GLP)? 

Cdns on the case; CMBpol satellites too?



CMB stage IV 



AdvACTpol	
  (fsky~50%):	
  Cosmological	
  Forecasts	
  
Planck_f,	
  Spider,	
  SPT3g,	
  ..	
  CMBpol	
  (CoRE+,Pixie,.)

testing tensor consistency? 
better fsky=25% for spt3g/AdvACT-like 
than current 6% goal for spt3g
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Planck_f uses pre-launch blue book forecast sensitivities

nice BB spectra, 
hence a slope, 
but tensor 
consistency is a 
steep relation. 
how well we can 
do will depend 
upon the ability 
to de-lens to get 
to the high L tail 

nt≈-r/8



CMB stage IV 
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can we get such 
precision from the 
ground?
optimism informed 
by great 
technology 
but to be shown

balloon future, 
higher frequency
ULDB?

satellites? 

200-500K detectors @ SP, Atacama, Greenland (GLP)? 



Beyond Planck 2015 +LSS: 
Inflation futures from CMB & LSS:  LSS & nonG 

≳10,000,000 T/E modes of  tΛCDM 
≲1000 modes of (slight) anomaly 
≲200 modes T/E reionization history 

the vast CMB-un-illuminated ζLM(d) 
LSS tomography fsky Lmax2  kmax dmax 

LSS ~ CMB x 1000?

ben wandelt, ferrara 2014
on behalf of Planck



LSS & nonG 
white paper on nonG+LSS on arXiv 1412.4671  

outcome of CITA October 23-24 2014 meeting 
DESI, LSST, Euclid .. CHIME .. SphereX proposal 

the varieties of nonG  fNL  … feature nG … preheating FNL [𝛘,g] 

scale-dependent bias & power spectrum on very large scales 
bispectrum - more promising than scale-dependent bias it seems 

nonG intermittent FNL 
=> search for large scale rare events, e.g., superduper superclusters



LSS & nonG 



LSS & nonG SphereX is low-ish res, photo-z 



LSS & nonG 

1412.4671

bispectrum delivers more than scale dependent bias



will generate more data per second 
than the annual internet use of every 
smartphone in the world combined

the new radio astronomy, GPU-enabled

CMU Jeff Peterson
PI Kendrick Smith



will generate more data per second 
than the annual internet use of every 
smartphone in the world combined

the new radio astronomy, GPU-enabled

bandura+14, newburgh+14 
spie proceedings, arXiv



CHIME sample all-sky Δ𝝂 maps sim to 6 Gpc to cover z=0.8 to 2.5

halo mass to total flux: ΩHI = 0.5 x10-3 
from GBT X corr observations & fcoll = 0.2

peak patch simulation details
periodic box:   12 Gpc 
N_boxes:        9952 
z_max:          2.5 
N_res:          5860^3 
N_halos:        54,161,917 
cell mass:      ~3e11 Msun 
M_min:          ~1e13 Msun (30 cells per halo) 
N_processors:   256 
t_wallclock:    40 minutes !!! 



CHIME how	
  the	
  simulated	
  HI	
  sky	
  changes	
  with	
  𝝂	
  aka	
  z	
  

 fwhm = 1deg

peak patch sim
periodic box:   714 Mpc 
N_boxes:        512 
z_max:          0.82 
N_res:          1200^3 
N_halos:        1,687,119 
N_processors:   24 
t_wallclock:    25 minutes !!! 



Alvarez,Bond,Huang,Stein,Braden,Frolov14
alatt=1Mpc, N=1024

conventional but uncorrelated ζ2
conventional inflaton-induced correlated ζ2

search with bispectrum & scale-dependent bias in power spectrum

LSS & nonGaussian mocks

the non-Gaussian 
initial density field



Alvarez,Bond,Huang,Stein,Braden,Frolov14

alatt=1Mpc, N=1024

search for localized but very large scale rare “events” e.g., hierarchical peaks

modulated intermittent preheating nonG

LSS & nonGaussian mocks



alatt=1Mpc, N=1024

Alvarez,Bond,Huang,Stein,Braden,Frolov14

search for localized but very large scale rare “events” e.g., hierarchical peaks

halo nonG 
patterns 
galaxies via 
HoD

LSS & nonGaussian mocks



CMB restricts us to a projected 2D ζ-scape 
we will reconstruct phonon/isotropic strain power, 
but the future may look much the same as 
now (perhaps) => V => ε 

r futures look bright modulo the dusty MW 
we will reconstruct graviton power 
de-lens for consistency check r-nt TBD 
  
thou shalt mock the LSS future end-to-end  
to probe the 3D ζ-scape, modes abound  
success modulo large scale mode control 
of systematics 

the END 



0<r<.49 95%CL, .2±.15 1σ 
cf. r<0.11 uniform ns



9 e-folds

cf. Planck13+LSS

 lnPζ(lnk)

 

lnPGW(lnk)

12 knots, cubic spline 

Planck13      
& WMAP 
=> stable 
features

kdrec ≳L
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we don’t need all LM+k modes 
to reconstruct L-independent 
Pζ(k) in quadratic space 

k2~L2/drec2+k||2 

bonus: top-down de-lens

Quadratic lnPζ(lnk) Maps  
aka Radical Compressions  

=> ultra-early Universe sound/phonon	
  spectrum



LSS & nonG 1412.4671



LSS & nonG 1412.4671



CHIME 
 z=1 zoom in brightness temperature zoom (with a stacked 20 MHz bandwidth)

Galactic foregrounds (synchrotron) are 
smooth, but many many orders of magnitude 
cleaning is needed,  
signal-to-noise eigenmode method Shaw+14  
nontrivial processing is needed

SphereX is also low-ish res, photo-z 



CHIME 
 z=1 zoom in brightness temperature zoom (with a stacked 20 MHz bandwidth)

Galactic foregrounds (synchrotron) are 
smooth, but many many orders of magnitude 
cleaning is needed,  
signal-to-noise eigenmode method Shaw+14  
nontrivial processing is needed


