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Intrinsic galaxy shape correlations
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Current observations

Chisari & Dvorkin (2013)
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* Red galaxies
preferentially point
towards each other.

* Blue galaxies show
no shape alignment.

Okumura & Jing (2009)
Blazek et al. (2011)
Chisari & Dvorkin (2013)
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Current observations

Joachimi et al. (2011)

: . o Singh et al. (2014)
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1} MegaZLRG Early-type galaxies show radial
alignments across a large range of
scales. On linear scales, the tidal
alignment model provides a good
description of the data.
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Alignments in simulations

Alignments in Horizon-AGN
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See also: Tenneti+ (2014),
Velliscig+ (2015), Codis+ (2015)
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Alignments in simulations

Evidence for two mechanisms for alignments
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Alignments in simulations

Projected correlations for alignments

Red galaxies have random stellar motions and
carry most of the alignment signal.
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Tidal alignment model

The tidal alignment model gives a good approximation to the
observed intrinsic alignments of Luminous Red Galaxies.
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e Shapes are imprinted at formation
e Model is valid on linear scales
o C is afree parameter to be constrained from observations

See also: halo model (Schneider & Bridle, 2010)
perturbation theory approach (Blazek +, 2015)
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Cosmology with intrinsic alignments

Theoretical model in place
(at least on the large scales!)

Catelan et al. (2001)

1) Baryon acoustic oscillations.

Chisari & Dvorkin (2013), astro-ph: 1308.5972
2) Primordial gravitational waves from inflation.

Chisari, Dvorkin & Schmidt (2014), astro-ph: 1406.4871

3) Testing theories of inflation.
Schmidt, Chisari & Dvorkin (2015), astro-ph: 1506.02671
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Cosmology with intrinsic alignments

Theoretical model in place
(at least on the large scales!)

Catelan et al. (2001)

3) Testing theories of inflation.
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Cosmology with intrinsic alignments

Anisotropic inflation

In these models, the amplitude of the squeezed-limit bispectrum of the
curvature perturbation depends on the angle between vectors in Fourier space:

By(kr, ks, ks) = f(l::L : Rs) Py(kr)Pg(ks)  squeezed-limit bispectrum

flp) = Z ArPr(p) angular dependence

L=0,2,4,-

Examples

e Solid inflation predicts A,> A, (Endlich+, 2012)
Primordial large-scale magnetic fields (Shiraishi+, 2013)
Additional degrees of freedom during inflation (Arkani-Hamed & Maldacena, 2015)

Planck constraints A,=13+93 (68% CL)
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Cosmology with intrinsic alignments

Scale-dependent alignment bias
from anisotropic inflation

Alignment model — Gaussian Universe

kik; 1

(6(K)gi;(K')) = b ( - Besij) Pu(k) (27)%6p (k + k')

Schmidt, Chisari & Dvorkin (2015)
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Cosmology with intrinsic alignments

Scale-dependent alignment bias
from anisotropic inflation

Alignment model — Gaussian Universe
kik; 1

(6(k)gi; (K)) = b] ( ;E; — Béﬁ) Pn(k) (27)*6p(k + K')

Alignment model — anisotropic non-Gaussian Universe

(60)00) = (52 — 385 ) {1 + 3o s MT10) | (k) ()80 + )

Schmidt, Chisari & Dvorkin (2015)
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Cosmology with intrinsic alignments

Scale-dependent alignment bias
from anisotropic inflation

Alignment model — Gaussian Universe

, kik: 1 ,
(509051 = of (545 = 265 ) (k) 280 +K)
Alignment model — anisotropic non-Gaussian Universe

(60101509 = (482 = 58, ) {4 + 30k a M7 (06) (k) 28k +1)

Analogy with non-Gaussian bias of tracers (Dalal+,2008)
(60)6,(10) = {7 + 2 B fru M~ (1) | (k) 28k + K

Schmidt, Chisari & Dvorkin (2015)
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Cosmology with intrinsic alignments

Anisotropic inflation and intrinsic alignments

Physics of the early Universe imprints its signature in the alignments of
galaxies through a scale-dependent bias on galaxy shapes
z=0.5

Alignment auto-power spectrum

Schmidt, Chisari & Dvorkin (2015)
Elisa Chisari LSS 2015 July 24, 2015



Cosmology with intrinsic alignments

Forecast: Clustering + position-shape + auto-shape

(i) (fasAy) (A,)

Schmidt, Chisari & Dvorkin (2015)
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Cosmology with intrinsic alignments

Forecast: Clustering + position-shape + auto-shape
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Schmidt, Chisari & Dvorkin (2015)
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Conclusions

® Intrinsic alignments have been observed in the Universe.
Observed alignments of Luminous Red Galaxies are consistent
with galaxies being stretched by the tidal field of the large-scale
structure.

® Hydrodynamical simulations show evidence of two
mechanisms for alignments, which will give us insights into
galaxy formation processes that lead to alignments and will allow us to
quantify their contamination to lensing.

® Anisotropic inflation induces a scale-dependent bias on

galaxy shapes, similar to the scale-dependent bias that arises from
fNL (Dalal+, 2008).

® In the future, alignments may probe the physics of the early
Universe in novel ways, where clustering or lensing cannot reach.
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Thank you.

elisa.chisari@physics.ox.ac.uk
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