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New Parameterizations

Flexible, general mode

s are needed for ~nK precision data

beam and line-o
— superposition of spect

Chluba, JCH, and Abitbol (2017)

-sight averages are inevitable
ral shapes, leading to new behavior



New Parameterizations

Flexible, general models are needed for ~nK precision data
beam and line-of-sight averages are inevitable
— superposition of spectral shapes, leading to new behavior

L(p) = L,() + ) (pi — Pi) 85, 1,(P) P = averaged parameters

consider Taylor 1
expansion of SED T 2 2 (i = P)XP; = 1) 0p9,1,(P)
i

1 : _ _ -
o X 2 Z(p,- — p)(pj — P;)(Px — Pr) 85,05,05,1,(P)
l J

+... 3)

new SED behavior generated by beam- and LOS-averaging
coupling to derivatives of fundamental SED

can be captured by moments of underlying parameter
distribution functions

Chluba, JCH, and Abitbol (2017) /



New Parameterizations

Flexible, general models are needed for ~nK precision data

beam and line-of-sight averages are inevitable

— superposition of spectral shapes, leading to new behavior
Example: modified blackbody SED

L(Ag, @, T) = Ay (v/vp)* v’ [ - 1) p = {Ao, @, = 1/T}
i &3 1 - _ {Ao(r) a(r)) 1 _ {A(n)/T(r))
1y = 2 {1 + 5 W% In°(v/%) A A
d d d (Aon)l(a(r) - a1 [(T/T(r) - 11")
+wy3 In(v/vo) Y1(x) + 7 w3 Ya(x) W) 23.3 = i :
| 0
+ : Wy In° (V] o) + > W9y IN*(v/v0)Y1 (%)
I 1, Ye = [(-B)O5 L1/,
+5 Ws33 In(v/v) Y2 (x) + ¢ Wy33Y3(x) + .. } Y,(x) = xe/(e* — 1)

note cross-terms between spectral index and temp. Yo(x) = Yi(x) xcoth(x/2)

Chluba, JCH, and Abitbol (2017) 8
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New Parameterizations e

Example: two-component dust model
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moment expansion is agnostic — can capture broad range of

parameter distributions
Chluba, JCH, and Abitbol (2017)



New Parameterizations

Example: suppose dust SED is simple modified blackbody
everywhere, but spectral index varies on ~deg scales

F| =  mean SED
16 & =300
| & 7=86.0
16 ¢ £=143.0

=i

200.0
257.0
314.0

O O HOH O
HOH O HOH O

xS Y

371.0

SED

150.0  200.0  250.0  300.0  350.0

v |GHz]

100.0

50.0

Colin Hill
CCA

10.0

—  mean SED
¢ ¢ (=300
® ¢ /=860

xS Y

é ¢ (=143.0

........................................................................................................

.......................................................................................................

0.0 —=2

0.0

50.0

150.0  200.0  250.0

v |GHz]

100.0

300.0  350.0

simple extrapolations can lead to highly inaccurate results
moment method allows such variations to be captured without

a priori assumptions

Chluba, JCH, and Abitbol (2017)




Colin Hill

Application: PIXIE Forecasts

Primordial Inflation Explorer

(2.725 K)

Fourier Beam
Transform \
Spectrometer -
. 17
) . . : «
—~ ' -

——————

aaaaaa

~1000x more sensitive than COBE-FIRAS
15 GHz to 6 THz (400 channels) Mid-Ex proposal
High S/N detection of <y> + relativistic tSZ  submitted Dec. 2016

Primordial B-mode science: o(r) ~ 6 x 104
Kogut+ (2011); JCH+ (2015); Calabrese+ (2016) 11



PIXIE Forecasts

o(Tems) ~ 100 nK
(S/N ~ 1.3 x 107)
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' k
1 :
] o |
1R
. \

Compton-y detection

S/N ~ 200
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CMB Lensing o

Re-mapping of CMB fluctuations (preserves blackbody form)

Many (~50) small random deflections lead to a net deflection (~2-3
arcmin), coherent on ~deg scales
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CMB Lensing: r Foreground =
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Zaldarriaga & Seljak (1998); Lewis+ (2001); 14Kesden+ (2002); Knox & Song (2002)
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CMB Delensing o

estimate lensing B-mode using multi-tracer LSS data

R dzl/ .
Blens (l) — / (27r)2 W(l, l,)f(l, II)EN (II)I(I L l/) Bres — Blens_Blens

Tracers = { [Planck GNILC 353 GHz], WISE galaxies, Planck Kk}

1.0 ________
.t e
.
. " .

0.8F

redshift
kernel =

0.6
04l [f

0.2}

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.9 4.0

Yu, JCH, and Sherwin (2017) 5 redshif



CMB Delensing

determine optimal linear combination coefficients by fitting
models to all auto- and cross-power spectra

delensing efticiency « » correlation coefficient with true K
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Yu, JCH, and Sherwin (2017)
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CMB De ensmg

GNILC 353 GHz + WISE c

CIB
+

WISE
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GNILC 353 GHz + WISE + Planck lensoadd d — | ens | N g malps
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n
WISE
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Planck K maps:

http://
www.astro.princeton.edu
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http://www.astro.princeton.edu/~jch/delens/
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CMB Delensing

delensing factor ~2 on nearly half of the sky
»~2X decrease in o(r) for low-noise surveys
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Yu, JCH, and Sherwin (2017) 18
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CMB Delensing o

delensing factor ~2 on nearly half of the sky
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Yu, JCH, and Sherwin (2017) 19
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»~2X decrease in o(r) for low-noise surveys
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Conclusions

* Flexible, systematic foreground parameterizations are
needed to robustly interpret upcoming polarization and
spectral distortion measurements.

* PIXIE will detect Compton-y and relativistic tSZ distortions at
high significance, even in the presence of foregrounds. u
constraints will improve upon FIRAS by factor of ~250.

* Multi-tracer maps from current data can delens B-mode
foreground well enough to reduce o(r) by factor of ~2.

20
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