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Outline

@ Lightning review of inflation
@ Clustering fossils
@ Tensor fossils from inflation

® How to get B modes from tensors with no
Tror. E
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(e.g., gauge-, chromo-natural, or solid)
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Jeong & Kamionkowski
(2012)

ClUSte I"i ng FOSSiIS (how to look with galaxy

clustering for inflaton coupling to new scalar, vector, or tensor field)

If

power spectrum of new field
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two-point correlation for the density field in the
presence of some realization of the fossil field
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Tensor fossils from single-clock inflation
(Dai, Jeong, MK 2013; see also Schmidt, Pajer,
Zaldariaga; Jeong,Schmidt)

® Tensor-scalar-scalar arises even in SFSR

@ Naive evaluation leads to infinite power
quadrupole

® And naive evaluation of lensing due fo scale-
invariant spectrum of GWs leads to infinite
deflection

® Have shown this divergence cancels and
calculated finite residual power quadrupole
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Are these signals
detectable?

@ Not any time soon with SFSR inflation

@ But signals may be larger (maybe even far
larger) with beyond-SFSR inflation?

® SFSR signals conceivably detectable with far-
future 21-cm maps of neutral hydrogen
during dark ages
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@ In squeezed limit,

‘ 1 y i 04 0InPe(ks
B;:hh(kh k2,k3) = Bp(kL, k2, k3) + QP.{.’(k/,)P((k‘s-)f{jk_i,-kj's. ¢(ks)

Olnkg

(SPZ;DJK;Brahma,Nelson,Shandera)
@ In single-clock inflation, two contributions cancel

@ But may have observable power quadrupole in
other scenarios (gaugeflation; chromo-natural;
solid; non-attractor; particle/string sources; etc)
(Dimastrogiovanni, Fasiello, Dai, Jeong, J. Wang, MK, in

prep)
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The CMB predictions for tensor-scalar-

scalar fossils
(Dai, Jeong, MK)

® tensor-scalar-scalar induces correlations
between different aims, parametrized in terms
of bipolar spherical harmonics (BiPoSHs):

d 5 b 45
<a’l1mla‘£zmz>h Ch 5l1i25m1’m2

+Z "2 (lymyla, m2|JM>A£132

with li+l,+J=o0dd (as opposed to scalar-scalar-
scalar, which produces only l1+l2+J=even)
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The CMB predictions for tensor-scalar-

scalar fossils
(Dai, Jeong, MK)

@ SFSR signal probably too small fo see

@ But perhaps bigger in beyond-SFSR models?

@ but canNOT distinguish vectors from tensors
geometrically with 2d CMB T map

irsa: 14040123
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Back to CMB B modes: How to

get B modes with no T nor E
(Dai, Jeong, MK, arXiv:1404.nextweek)

E/B tensor spherical harmonics obtained from application of
derivative operators on scalar spherical harmonics:

2(1 — 2)!
(1 +2)! (

1 al
—VAVB + §gABvaC') }/(lm)(ﬁ)

i 2)!' (e8°VeVa + €4V VB) Yim)(h)

= _” Q(él_T?)!!WEBY(lm)(ﬁ)’ (1)
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But can also expand tensor field in
terms of total-angular-momentum
(TAM) waves (pai, Jeong, MK 2012)

Alternative complete orthonormal set for tensor fields;

are transverse-traceless-tensor—valued eigenfunctions of
3d Laplacian of eigenvalues -k?, that are also eigenvalues
of total angular momentum and its azimuthal component

26
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Are not tensor spherical harmonics, which are basis
for tensors on the two-sphere

Are moreover not products of tensor spherical
harmonics and radial eigenfunctions, although they
can be projected onto spherical harmonics
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Explicitly,

B ((-2)! B
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Scalar TAM wave = le’(Clm) (x) = Ji(kr)Y(im) (1)
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With this formalism, B mode of TAM
wave gives rise to B-mode CMB
polarization, and E mode of TAM wave
gives rise to CMB T and E

So, can have B modes from tensor
fluctuations with no T nor E!




E and B mix under translation of
origin, and so difference in power
between E and B tensor TAM waves
implies that we occupy a preferred
place in the Universe

Still....perhaps may be of interest as
new ingredient if B/TE tension
continues???
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Advertisement: CLASS will
complememL BICEP/Keck/efc
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To close

o (If the BICEP2 results are confirmed) The era of tensor science has
arrived

® Obvious short-term goals:

o Verify signal, and if verified, measure BB to cosmic-
variance limit; need large-angle experiment (e.g., CLASS/
PIPER to complement BICEP2 at |~ 80)

@ But its time to think about longer-term goals!! (cf. B-mode
theory->detection = 18 years):

@ large-scale structure probes, for SFSR and other models
® novel CMB tests

® and lets go BBO and DECIGO!!!

32
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