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photons under strain = ssosqdeg  TsoGriciorsseasons oo
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Fia. 3.— Lefi: BicEr? apodzed F-mode and B-mode maps filiered to 50 < £ < 120 Righr: The equivalent maps for the first of the kensed-ACDM+noise
simulations. The color scale displays the F-mode scalar and B-mode pseudoscalar patterns while the lines display the equivalent magnitude and onentation of
lincar polanzation. Note that excess B-mode 15 defected over kensing-+noise with high signal-to-noise ratio in the map (s/n > 2 per map mode at £ =2 70). (Also
note that the E-mode and B-mode maps use different color/length scabes. )
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ultra-early Universe sound spectrum €=-dinH/dIna
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scan InPs(Ink)/As, InAs=InPs(Kpivots), F(Kpivott); consistency => reconstruct €(InHa), V()
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ultra-early Universe sound spectrum €=-dinH/dIna
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ultra-early Universe sound spectrum €=-dinH/dIna
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Wiener-filtered anisotropic stress maps, pks & E-pol
from < {im ¢,s()) | aLm ¢,s > reconstruct
(1) actual Wiener Taec map at decoupling (not Tnow)
(2) actual Wiener anisotropic photon stress-tensor (aka
quadrupole) at ydec to correlate with E-pol (~sources E)
=> novel Peaks (eigen-Preaks), statistics, mean fields, stacks
“analytic” results exist or derivable, a la BES7, BM96, BKP97
complications: other cosmic parameters fixed at maxL value;
inhomogeneous generalized noise enters Wiener filters; is
error assessment with FFPn adequate?; de-lensing; ...
simple proxy for < (V-2 Vi Vj - 8ij/2) Tdec | Thow > anisotropic
stress: if direct transport from Y dec then (V-2 V; V; - 8ij/2) Tnow
decompose into Qr Ut ETErPrywrakin to QU E P g, with
enhanced peak-stacking correlations, oriented stacks

B2FH14




primordial sub-dominant intermittent nonGaussianity

Bond, Frolov, Huang, Braden

phonon ~ {nL=In(p a*(™")/3(1+w) ~ scalar curvature @ uniform density
C,NL(X)= CG(X)‘F MK (CGZ(X)-<CG2>) => fnex = 3/5 f -1

CnL(x)= Ca(x)+ FnL()c), inflaton Tg & uncorrelated isocon Y
FnL = local non-G from modulated preheating caustics
= a multiple-line spectrum: spacing = Lyapunov instability
coefficient, strength by ?, blending by /¢ HF marginalization

a weak quadratic non-G regime => translate fnL+ constraint
& a strong non-G regime <= super-bias of the C-web
Fni generic if isocon Wgiis light & inflaton-coupled

=> search for localized low L extended-sources

=> CONSTRUCTING INTERMITTENT CMB MAPS
“realistic” lattice-computed smoothed FnL

Gaussian lines (cf. BBKS threshold functions, > {crit)



B mode of polarization cf E mode
linear scalar fluctuations create only E patterns

strain from CMB lensing tides distorts E pattern into a bit of B spr
anisotropic strain from gravity waves => E & B
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We are working heavily on Planck

polarization, E Nov 2014, B TBD

Spider collaboration,
LDB flight Fall 2014 +-.02
supposed to fly Fall 13, but
US sequester stopped it
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scan InPs(Ink)/As, InAs=InPs(Kpivots), F(Kpivott); consistency => reconstruct €(InHa), V(y)
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probabilities for
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what is the inflaton’s potential>  how was matter & entrOPfy
- generated at the end o
acceleration = inflation?

Relate it to the Higgs & standard model?
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Quadratic expansions in mode functions: wh|ch function to expand (In Pc),

which modes (cubic B-spline), number?, priors on amplitudes, etc.
from < {im ¢,s()) | aLm ¢,s > reconstruct

(1) actual Wiener Tqec map at decoupling (not Tnow)
(2) actual Wiener anisotropic photon stress-tensor (aka
quadrupole) at Ydec to correlate with E-pol (~sources E)

=> novel Peaks (eigen-Preaks), statistics, mean fields, stacks
“analytic” results exist or derivable, a la BES7, BM96, BKP97
complications: other cosmic parameters fixed at maxL value;
inhomogeneous generalized noise enters Wiener filters; is
error assessment with FFPn adequate?; de-lensing; ...
simple proxy for < (V-2 V; Vi - §ii/2) Tdec | Thow > anisotropic

stress: if direct transport from Ydec then (V-2 V; V; - 5ij/2) Tnow
decompose into Qr Ut ETETPryrakinto Q U E P g, with

enhanced peak-stacking correlations, oriented stacks




Advanced ACTPol (AdvACT) Observations
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« Substantial overlap with spectroscopic surveys (SDSS, PFS, DESI)
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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
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CMB Polarization
Sean Feak BAO in the CMB - WMAP9
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CMB Peak CMB Polarization
Statistics BAO in the CMB - Planck2013
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CMB Polarization
Seae Peak BAO in the CMB < WMAP9
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CMB Peak CMB Polarization
Statistics BAO in the CMB - Planck2013
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CMB Peak CMB Polarization
Statistics BAO in the CMB - Planck2013
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CMB Peak CMB Polarization
Statistics BAO in the CMB - Planck2013
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SIMPLICITY reveals primordial sound waves in matter

at a~e~7~1/1100 => Planck2013
at a~e 87160.4/1030+25

oriented peaks,
s2FHAP14, Planck2013 anisotropic CMB strain
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SIMPLICITY
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We are working heavily on Planck

polarization, E Nov 2014, B ?

Spider collaboration,
LDB flight Fall 2014 +-.02
supposed to fly Fall 13, but
US sequester stopped it
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scan InPs(Ink)/As, INAs=INPs(Kpivots), F(Kpivott); consistency => reconstruct €(InHa), V(w)
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Bond, Braden, Huang, Frolov,2014 PS: running of PS is a bad fit (CMBall+LSS+SN+WL)



scan InPs(Ink)/As, INAs=INPs(Kpivots), F(Kpivott); consistency => reconstruct €(InHa), V(w)
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how was matter & entropry
generated at the end o
acceleration = inflation?

Relate it to the Higgs & standard model?
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phenomenological Gaussian line: scan super-horizon )(>h, width, strength
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temperature map

nean temperature, 1000 realizations, smooth scale fuhn = 300 arcnin,

o

the rare
- cold spot

N +145.

5 deg fwhm cf. COBE 7 deg fwhm
-151.

Temperature changes
in micro-degrees



primordial sub-dominant intermittent nonGaussianity

Bond, Frolov, Huang, Braden
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ultra-early Universe sound spectrum InPS(/nI()

new parameters: ------- 1-0 trajs. ———— mean scalar y
/
tragectory mean tensor —m?¢? scalar /:;;
/
probabilities for My best-fit g
7,
early-mflatons — /.
- / < / /’,f‘////;’
\\\ Y
10 svong evidencer @3“ Seseestenen L0l
e T . Ne—U. 0L Pranch +Ni
-~ = /-/‘< ‘\\i‘::—:’;r’j%;‘:‘/) - s J " § EQ\\\:
for oscillation 2=/, S s superb Trom 0110 .2
Al NS
patterns, cutoffsy/ /i \\§§\\§T
local features 7, N

but hints of &gl
change on Iarge“ s

[ <100 scales In P Gw(ln |()
) A A A A A A A A /

PS: running of -— E' .. Yesfolds . . ... )

Ps is a bad fit k(Mpc™)

Bond, Braden, Huang, Frolov, Vaudrevange 2014
scan InPs(Ink)/As, InAs=InPs(Kpivots), I(Kpivott); consistency => reconstruct €(InHa), V(w)



Planck13 CMB Lensing: reconstructed projected ®n=-3/5(D(t)/a(t)) Tra grav. potential
~ dark+baryonic matter map, mean-field map = Wiener filter (beware: fluctuations about mean-field)

- ~— ° ° ° ° °

PFO) Ay primordial isotropic strain TrQ
-

%: ' - stacking mean ¢ map, 11113 patches on 7" maxima, random orientation 9257 mean ( patches on 7" maxima, random orientation

o

I ([ [.

<Trace(a)|Temp> § W <Trace(a)|Temp>

-0.03 -0.02 -0. 01 0.01 0.02 0.03 —-0.03 —-0.02 -0.01 0 0 01 0.02  0.03
/2 cos ¢ &sin(6/2) c

stackmg amps down fluctuations,

stacking a relization of ( map, 11113p1t(}eso T maxima, random orientation

s 0.9 deg fwhm

reconstruction of
the Early Universe

- mean-field
- constrained-correlation

< < =
w IS o

¢/

<
o

2sin(6/2) sin ¢

Compton differentiable-
visibility mask on O

_IIIIII\I‘

+ OTrace(a)

Gealactiec Soaith



