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B+Braden, Mersini 

3D bubble simulations  

Planck/AdvACT

B+Huang, Wang  

coupled dark energy 

Planck/AdvACT/Chime

B+Braden, Frolov, Huang 

preheating, caustics, shocks-in-time 

 & intermittent non-Gaussianity 

Planck/AdvACT/Spider/LSS
B+Huang, Frolov, Chluba, Farhang 

Netterfield +, Nolta, van Engelen, Hajian 

Planck/Spider/AdvACTpol

B+ Alvarez, Battaglia, Berger, Hajian, Huang, Pfrommer, Sievers,  

Stein, Bahmanyer, Pu, Shaw 

hydro sims, peak-patches & potential pits, flows beyond 2LPT, 3D non-Gaussian 

Pen, Vanderlinde, Opperman, van Engelen, .. Planck/ACT/CHIME

B+Huang, Frolov 

potential reconstructions 

acceleration histories 

Planck/AdvACT/Spider/LSS
topography of the 
ζ-scape 
=entropy 
-scape
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BSMc = SMc + primordial anomalies 
~10,000,000 T/E modes =  tΛCDM,  ≲500 modes of anomaly  

vast unexplored parts of the ζ-scape CMB is 2D  
hope to use 3D LSS tomography fsky Lmax

2  kmax dmax

>4.5σ 
<1% 
L~20 
LSS 
void?the rare cold spot

hemisphere 
difference in TT 
power ~7% at 
low resolution

CMB TT power L~ 20-30 dip => 
Grand Unified ζ-Spectrum k-dip

GUTA = Grand Unified Theory of Anomalies?  TBD  intermittent?

octupole/quadrupole 
alignment 

dipole modulation/
asymmetry direction

zero-ish C(θ) >60o

sigh, Mother Nature puts her Anomalies 
@ low L where sample variance 
obscures => tantalizing ~2σ’s?  
if a GUTA then maybe >>2σ?

Beyond the Standard Model of cosmology? SMc = tiltedΛCDM+r (ζ,h+x)

<ζ |T,E-pol>



stacked + Hessian∀
Ι)∗7ϑ | ϑ-saddle>

Topography of the CMB Web & Interstellar Web 
statistics of CMB / dust / synch intensity & polarization of maps 

oriented stacking on field points, peaks & saddle points (cols, passes) 
to aid in component separation, e.g., of the B-mode of polarization 

e.g., Planck2015 353 GHz dust = anisotropic non-Gaussian random field    
quest for prominences & filament ubiquity, size, shape. 
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Full-Sky Mock Simulations with the Peak Patch 
Approach

CITA Collaborators:
M. Alvarez, J.R. Bond

George Stein
MP 1212



Peak Patch - Method



Peak Patch - Usage
gpc-f102n084-ib0-$ peak-patch.py param/param.params

Copying source

Generating filter bank

Compiling hpkvd

Compiling merge_pkvd

Creating batch file for parallel run

Time elapsed to run was 52.1714069843 seconds

gpc-f102n084-ib0-$ qsub 512Mpc_nb40_13579.sh



M. Alvarez, J.R. Bond, 
A. Hajian

P. Berger, M. Alvarez, 
J.R. Bond 

CHIME HI 
ForecastsFull sky tSZ 

statistics

Other Academic Interests: Cosmology, 
LSS Simulations, Inflation, Peculiar 
Velocities, Radio Astronomy, GPU 
Computing

GPU FRB detection for CHIME

K. Vanderlinde, 
P. Klages



The 21 cm line: 
From Emission to 

Observation

Philippe Berger 
Advisors: Ue-Li Pen and Richard Bond



Abundance: 
Traces dark matter 

Depends on: 
- Cosmology 
- UV background 
- Star formation 
- Supernovae 
- Quasars



- 20m x 80m 
- 2x1024 dipole antennas 
- 1024 frequencies 

CHIME



- 1024 maps 
- z=0.8-2.5 
- 730 Gpc3 
- 1.4 x 1012 halos 
-  Mh->MHI 
   

PEAK PATCH



\
• CHIME
• FRB theory
• 21cm cosmology
• pulsars

Liam Connor 



JD Emberson
Reionization Simulations Substructure Evolution 

Image Credit: Diemand et al. (2007)

Neutrino Simulations



Understanding Non-linear Structure Formation�

SDSS 

Millennium Run (Springel et al. 2005)�

•  Structure formation 
–  Galaxy biasing 

–  Redshift distortion 

–  Vorticity generation 

–  Small scale dynamics 

–  Dark energy, modified 
gravity 

•  LSS survey 
–  galaxies, 21cm 
–  BAO, clusters, 

lensing, LSS topology 

Xin Wang�



SDSS 

Millennium Run (Springel et al. 2005)�

•  Structure formation 
–  Galaxy biasing 

–  Redshift distortion 

–  Vorticity generation 

–  Small scale dynamics 

–  Dark energy, modified 
gravity 

•  LSS survey 
–  galaxies, 21cm 
–  BAO, clusters, 

lensing, LSS topology 

Xin Wang�

δgal = bδm

Understanding Non-linear Structure Formation�



Structure Formation – Intermediate Scale�

•  Perturbative calculation of 
nonlinear bias model 



Structure Formation – Small Scale�

•  PDF-based Dynamical Closure 



Structure Formation – Small Scale�

•  Cosmic web with rotational 
dof 



LSS surveys�

•  Understanding various LSS 
constraints on DE & MG 
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The Cosmic Neutrino Background 

Joel Meyers 
CITA Jamboree 2015 

 
October 7, 2015 



Theoretical Expectation 
• The standard models of 

cosmology and particle 
physics make very definite 
and detailed predictions 
about the existence and 
properties of the cosmic 
neutrino background 

• Neutrinos were in thermal 
equilibrium, decoupled 
about 1 second after the 
end of inflation, and have a 
nearly perfect Fermi-Dirac 
distribution 

Gammow, et al. (1960s); PDG (2013) 



Observational Status - CMB 
• We have indirectly detected 

the cosmic neutrino 
background through its 
gravitational effects 

• Current constraints are 
primarily summarized in just 
two numbers giving the total 
energy density and sum of 
neutrino masses 

Planck (2015) 



Free Streaming and the Phase Shift 

Baumann, Green, JM, Wallisch (2015) 

Neff = 3.046  
Nfluid = 0 

Neff = 2.046  
Nfluid = 1 

Unlensed 
Lensed 

• Anisotropic stress leads to a characteristic phase shift of the acoustic 
peaks of the CMB power spectrum which can be used to distinguish 
between free streaming and non-free streaming radiation species 

• The phase shift is most easily detectable in the delensed EE spectrum 
due to the sharper peaks 



Conclusions 
• Understanding the cosmic neutrino background lies at the interface 

of cosmology and particle physics 
• We have indirect evidence of the existence of the CʆB and some 

weak constraints on its properties 
• Our standard model makes much more detailed predictions than 

can currently be tested with observation 
• Observational constraints on the CʆB naturally constrain a huge 

number of extensions to the standard cosmic history 

1012 cosmic neutrinos pass through this loonie each second! 
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Cosmic Neutrino Background + Pulsar Scintillometry 

Keith VanderlindeInman et al.



Cosmic Neutrino Background
z = 0

∑
mν = 0.2 eV



Pulsar Scintillometry

Walker et al.

Pen



Is ΛCDM Still Our Best Bet?
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Cosmic Microwave Background: Oriented Stacking

unoriented stacking oriented stacking (Bond, Frolov, Huang)
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Coupled Cold Dark Matter (CDM) and Dark Energy (DE)

background + perturbations

background constraints
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Collaboration with J.

R. Bond and Chao

Wang (summer

student)

! ΛCDM
(Q = ϵ̃s = 0) still
best-fit. The
strength of coupling
is constrained by
CMB data
(Q < 0.5).
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Effective Field Theory Dark Energy Model

ΛCDM

αMCDM

TTTEEE + lowP + lensing + BAO + SN + HST

68.3% CL, 95.4% CL
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Ωm

0
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0
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αMCDM
model allows
a lower σ8

that is more
compatible
with weak
lensing and
cluster data.

αM =
d lnM2

p,eff

d ln a
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CMB as a backlight

Alex van Engelen
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From pristine CMB to dirty data

At the surface of last scattering
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Image credits: Sigurd Naess



From pristine CMB to dirty data

Lensing by large-scale structure
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Image credits: Sigurd Naess



From pristine CMB to dirty data

Dusty galaxies, radio sources, SZ clusters
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Image credits: Sigurd Naess



From pristine CMB to dirty data

Faraday rotation
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From pristine CMB to dirty data

Galctic dust, synchrotron, etc
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From pristine CMB to dirty data

Atmospheric emission
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From pristine CMB to dirty data

Absolute polarization offset (1◦ example)
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Image credits: Sigurd Naess



From pristine CMB to dirty data

Telescope optics (w. sidelobe)
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Image credits: Sigurd Naess



From pristine CMB to dirty data

Detector noise
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From pristine CMB to dirty data

Glitches
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Real CMB and lensing maps
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In P(k) but also in B(k1,k2,k3)
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