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Outline
Intrinsic Alignment (IA)

Linear alignment model

Imprint of the primordial non-Gaussianity (PNG) on galaxy clurstering

Galaxy bias in the Gaussian universe

Scale-dependent bias from the local-type PNG

Imprint of angular-dependent PNG on IA



Intrinsic alignment : a big picture
Halo/galaxy clusters


Central galaxy shape

- Red galaxies


- Shape ～ halo shape

- Tidal alignment


Satellite galaxy


Galaxy on filaments

credit:B. Diemer



Tidal alignment (Linear alignment) model
Origin of IA : interaction with the gravitational tidal field

similar to the polarization of CMB photon

Quadrupole ~ tidal field

low density

low density

low density

low density

high density

high densityhi
gh

 d
en

sit
y

hi
gh

 d
en

sit
y

Catelan+ ’00, Hirata&Seljak ’04



shape as a biased tracer of tidal fields
Galaxy shape ~  Halo shape ~ Tidal field of large-scale structure

                           w/

cf. Galaxy number density ~  matter density field: 

          : prediction of the LA model
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Intrinsic alignment(IA): galaxy shape correlation before lensing distortions

Galaxy shape ~ lensing + intrinsic alignment + noise(random)

lensing : Large-scale structure (LSS) between us and source galaxy

IA : Tidal field (LSS) surrounding source galaxy

 

The shape-density correlation

h��i = h�lens�lensi+ h�IA�IAi+ h�noise�noisei

h��gi = h�IA�gi ⇠ bKb1h�m�mi
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Primordial non-Gaussianity (PNG)
The primordial perturbation obey the Gaussian distribution 

predicted by the standard (single field & slow roll) inflation

completely described by the power spectrum (2pt function):

                                                 : No mode-coupling

PNG: the deviation from the Gaussianity ( i.e. the standard inflation)

its leading order effect is characterized by the bispectrum (3pt function):

Local-type: 

h�(k1)�(k2)i = (2⇡)3�3D(k1 + k2)P�(k1)

h�(k1)�(k2)�(k3)i = (2⇡)3�3D(k1 + k2 + k3)B�(k1,k2,k3)

B�(k1,k2,k3) = 2fNL [P�(k1)P�(k2) + 2 perms.]



Halo/Galaxy bias in a nutshell
What determines the halo/galaxy abundance in a local region?

1. The local background matter density :

2. The amplitude of small-scale fluctuations :

In the standard cosmology (i.e. Gaussian&adiabatic ICs + GR)

                               while 

No correlation btw long-&short-modes 
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Effect of PNG on galaxy number density

What if there is the local-type PNG?

long-&short-modes are coupled-> the power spectrum is position-dependent.

Amplitudes of small-scale fluctuations at distant points are now correlated.

Now                               and
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Scale-dependent bias from the local-type PNG

There appears      enhancement in galaxy/halo density field on large-scales.

 

 

                on large-scales

               from Poisson eq.

Constraints on      from galaxy surveys
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Angular-dependent PNG
The quadrupole local-type PNG:

cf. the usual local-type PNG:

Solid inflation, Magnetic fields, Spin-2 particles during inflation

The (small-scale) power spectrum becomes position-dependent&anisotropic

                                                with

cf. angular-independent case:
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What determines the halo/galaxy intrinsic shapes in a local region?

1. The local background tidal field: 

2. The amplitude of small-scale tidal fluctuations: anisotropy in 

Standard (Gaussian&Adiabatic ICs + GR) term:

Angular-dependent PNG -> small-scale tidal fluctuations are correlated

                                                with

 

Intrinsic alignments with angular-dependent PNG
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PNG ICs & simulations
Generating initial condition with angular-dependent PNG

1. Generate random Gaussian fields      with the variance 

2. Prepare auxiliary fields 

3. FT to configuration space and construct non-Gaussian fields according to

4. FT back to Fourier space, then do the 2LPT

Simulation:
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The halo shape is defined by its inertia tensor: 

The observable shape is not 3D, but the projected one (2D)

 

2D shear fields: 

spin-2 fields can be decomposed into E/B fields

Projected onto xy plane
with LOS=z

Measurements
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Scale-dependent bias in the IA power spectrum

There appears      enhancement in galaxy/halo shape field on large-scales.

 

                on large-scales

               from Poisson eq.

The angular-independent PNG has no
impact on shape field, i.e.      &

The angular-dependent PNG has no
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Scale-dependent bias in various power spectrum

The spin-0 and -2 observables only respond to the  
s=0 and s=2 PNGs, respectively

The halo density-shape cross power spectrum     is 
affected by both angular-independent&-dependent 
PNGs

   responds to only the angular-independent PNG.
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Forecast
Using both      &  

 

 

The current CMB constraints:

We need both photo&spec surveys

Projected (2D) shapes: photometric survey

3D position of galaxies: spectroscopic survey
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Summary
The angular-dependent PNG induces the scale-dependent bias in the IA 
power spectrum

But no impact on number density tracers

The angular-independent PNG has no impact on IA (while it affects number 
density tracers)

Galaxy surveys (both photo&spec) can constrain      better than CMB

Extension to higher shape moments

Future works: including bispectrum information, scale-dependent PNG, etc.
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