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> Intrinsic Alignment (IA)

> Linear alignment model

> 3D power spectrum of IA
» Shape assembly bias

> Dependence of the IA coefficient on the halo concentration
> Imprint of anqular-dependent PNG on IA

» Scale-dependent bias in the IA power spectrum



Intrinsic alignment : a big picture
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Intrinsic Alignments (IA)
= Physical correlations between shapes of
galaxy or halos though LSS

> Intrinsic correlation before the weak lensing effect ... . .,

> weak lensing : extrinsic effect

> Source of systematic errors in weak lensing ;i qtagseljak ‘04
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Today's talk



Tidal alignment (Linear alignment) model

Catelan+ ‘00, Hirata&Sel jak ‘04
> Origin of IA : interaction with the gravitational tidal field
> similar to the polarization of CMB photon

> Quadrupole ~ tidal field
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shape as a biased tracer of tidal fields

> Galaxy shape ~ Halo shape ~ Tidal field of large-scale structure

B ’%‘j(X) = bKKZJ(X) w/ Kij(x):. ,Z—ZJ' %75 "m(X) " .!i!j! SN 1L (8)

> cf. Galaxy number density ~ matter density field: d,(x) = 010 (X)

» bk < O: prediction of the LA model
» i ! K




The shape-density correlation
as a clean probe of IA

Mandelbaum et al. 2006, Hirata et al. 2007
> How to extract IA signal from observed shapes?
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» lensing : LSS between us and source galaxy
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> IA : Tidal field (LSS) surrounding source galaxy
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> The shape-density correlation is suite for exploring IA. '.
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Observable = 2D projected shape
as a Func’rlon of 3D position

> Projection: 1°5(x) = P (8)P" (8)! > (x)
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> Projected ellipticity: spin-2 field
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E/B decomposition of shape fields

Hirata&Seljak ‘04, Blazak+'11, Blazak+'15

> At each 3D grid, projected 2D shape fields (and density field) are defined.
(1K), 1h(k), ey {1 10 (K), 11 (K), E(K), B(K)}
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E/B decomposition
E(k)=!,(k)cos2 ¢+ !, (k)sin2"
B(k)="!:(k)sin2"¢! !, (k)cos?2

> IA power spectra: 3D power spectra of 2D projected shape field
> Linear theory prediction (linear alignment(LA) model) : ! = bk Kj;

PmE (k) = Ik (1 | HZ)Pm (k) cf. Kaisers formula:

(h = Ran) % 2
PEE (k) = bi (1 | uz)zpm(k) Pmn (K) = (b + fHZ)ZPm(k)
Phn (K) = (b + f17)“Pm (k)



E-mode power spectra from N-body

> LA model works on large scales.
> Negative correlation p©) < 0 "%0000,  Mn=10""h M.
> Pme ! Pmm on large-scales
> E(k)! bx!m(k) with b !'™ 0.1
> The large-scale constant bias when
> Equivalence principle

» Adiabatic&Gaussian ICs




S/N of shape power spectrum

> S/N of Pne is about
compared with halo clustering Py

> bias: b, ! O(1), bc ! 0(0.1)
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> For galaxies S/N can be decreased

7 misalignmem‘ Okumura+'09




The importance of 3D power spectrum

() = | !11(X) !12(X)
!|J (X)— !Zl(x) !22(X)
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> What if only using imaging survey?
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The linear alignment coefficient bx from
the tidal separate universe simulation




Separate universe simulation

Sirko’05, Baldauf+'11, Li+'14a, Wagner+'14, Baldauf+'16, Lazeyras+'16

Long-wavelength perturbation can be absorbed into the local background

Sl o e e B = a h ErHE | |
l « =0
Perturbed FLRW Universe FLRW Universe (Unperturbed)
= Separate Universe
pe 3 1 g’ 3 | 1 | 1"
» Mass conservation: a’@,[1+ "p]= ayenw ! aw " a 1# 3 b

? From the same initial seeds

Halo biases can be well calibrated by using this technique.
it ding,  dlin gy,
dinEy o




Tidal separate universe simulation

KA+'20, see also Stucker+'20 and Masaki+ 20

> Including long-wavelength tidal field: anisotropic scale factor

Perturbed FLRW Universe Universe (Unperturbed)

S B VR i N ay = all! K
ay = a[l! Ky]
a, = all! K,]

» The shape bias can be well calibrated by this simulation.
by din ¥
- dK;




Similarity to the linear bias

KA+'20

> Similar dependence on halo mass and redshift to the linear bias

> Hint for a theory of bK?




Shape assembly bias: concentration

» The shape bias depends on the halo concentration.

> High peak is less affected by large-scale tides?




The intrinsic alignment as a probe of
the anqular-dependent PNG



Primordial non-Gaussianity (PNG)

> The primordial perturbations obey the Gaussian distribution
> predicted by the standard (single field & slow roll) inflation
> completely described by the power spectrum (2pt function):
11 (k! (ko))" =(21)3"3 (kg + k2)Pr (K1) :
> PNG: the deviation from the Gaussianity ( i.e. the standard inflation)
> its leading order effect is characterized by the bispectrum (3pt function):
11 (k1) (K2)! (k3)"=(2!)°"B(ky + ko + k3)B; (k1,k2,Kk3)

> Local-type: B, (ki,kz,k3)=2fn [P (K1)Pr (k2) +2 perms.]



Effect of PNG on galaxy number density

Dalal+'08

> What if there is the local-type PNG?

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

Pm (kshort ) I Pm (kshort ‘X) — Pm (kshort ) | 1 + 41: NL ' |Ong (X) | B! (kShOI’t J kshort J klong) "4t NL P! (kShOI’t )P' (klong)

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

> 1g(Kiong) = b1l m(Kiong) +4 b fn " (Kipng )
= b +4b fae M H(Kiong) 'm(Kiong) &1 g1+ 0% (x,)] Gy |t [1+ "9 (x)]

| long
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Scale-dependent bias from the local-type PNG

> There appears 1/k 2 enhancement in galaxy/halo density field on large-scales.

> 1y(k)= bp+4b fye M’ 1K) 1h(K)

® Gaussian

ng(k) - bl + 4b| fNL M . 1(k) Pm(k) A PNG(S = O)

> M (k)! 1k* on large-scales

—Im(k) ! k*" (k) from Poisson eq.

> Constraints on fy_ from galaxy surveys
| 16<f NL < 26 from BOSS T.Glannantonio+ 14

l (fne) ! O(1) in the near future (SPHEREX)

> Note: there is no modulation in Pn (k)



Angular-dependent PNG

> The quadrupole local-type PNG: B (ki,kz,ks) = 2f{* Lo(Ry 8R5)Py (k1)Py (k2) + 2 perms.
> cf. the usual local-type PNG: B (ki,kz,k3) =2fn [P (K1)Py (k2) +2 perms.]

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

Endlich+'12 Shiraishi+’13 Arkani-Hamed&Maldacena 15

> The (small-scale) power spectrum becomes posifion-dependenf&anisofropic
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> cf. angular-independent case: Pu(kshor [X) = Prm(Kshort) 1+ 4fn ! (x)

||i||j

> RRIIL ! 1! iy




Intrinsic alignments with angular-dependent PNG

Schmidt+'15, KA+'20

> Angular-dependent PNG -> small-scale tidal fluctuations are correlated
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Angular-dependent PNG ICs & simulations

KA+'20a
» Generating initial condition with angular-dependent PNG

1. Generate random Gaussian fields ! (k) with the variance P: (k)

3

2. Prepare auxiliary fields ! (k)= 3

1IIK

3 i #(Kk)

RiR |
3. FT to configuration space and construct non-Gaussian fields according to
I (x) =1 (x)+ gf,iiz | "2 (x) (leading to B: (ki,kz k3) = 2fRJ Ly(Ry &R5)P, (k1)Pi (k2) + 2 perms. )
I
cf. 1 (x)= 1)+ fN ! %(X) (leading to B (K1, k2,k3) = 2f]° [P (K1)Py (k2) + 2 perms.])

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

> Simulation: L =4.096 Gpdh, N , = 2048°

> (fac.fRi-) = (0,0), (500,0), (0,500;



Scale-dependent bias in the IA power spectrum

KA+ 20a

> There appears 1k? enhancement in galaxy/halo shape field on large-scales.
2 i (Kiong) = tk +6Db fﬁiz M ° 1(klong) Kij (Kiong) ® Gaussian
A PNG(s=0)

b Pre(k)= b +6b f{PM ' (k) Pr(k) PNG(s = 2)

> M’ *(k)! 1/k? on large-scales

Im(K) ! k*" (k) from Poisson eq.
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» The angular- PNG has no
impact on shape field, i.e. Pme & Pee

> The angular- PNG has no
impact on density field, i.e. Pmnh & Pnn



Scale-dependent bias in various power spectrum

® Gaussian
A PNG(s=0)
Y PNG(s=2)
A
AA
g9 oy

&

L 480603
T* S35
"TIBOF TIBYF

&
O
Q.
=
—
=
—
~~
~
—r
=
al

5 PO ) [(h Mpcy]

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

® Gaussian
A PNG(s=0)

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

| Py [(h' *Mpc]

» Pan responds to only the angular-independent PNG.



Summary of imprint of various PNGs

# density tracer | ' shape fracer Y

|

(spin-0 observable) ° (spin-2 observable)
tk K ij

TT0m 00 TR, Pre0m P 1T

linear theory

s=0 PNG :
scale-dependent bias :‘ X

0= 100+ 200 200, Pl = Pall) 14412 00 GORR
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scale-dependent bias

By (K1, Ko, ks) = 257" Ly (Ry aRo)P- (kp)P- (ko) + 2 perms.



Forecast

> Using both Phn & Phe

2 Vsuey =69 (Gpc/h)?

» M, > 10M, /h, B, =2.9! 10 * (Mpc/h)?3

? The current CMB constraints:

L (f e diele

Planck2018

> We need both photo&spec surveys
> Projected (2D) shapes: photometric survey

> 3D position of galaxies: spectroscopic survey
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Challenge of IA cosmology

Complete degenerary between b and f§° Prne(k)= b +6b f32M ' *(k) Pm(K)
> Density case: Png(k)= bi+4b fye M’ H(K) Pm(K)

> From peak theory: b =2!. by =2!(b! 1) KA+ 20b
need to develop theory on shape bias
» Some hints:

> universal relation between b and b

> b /b looks constant
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Summary

> Intrinsic Alignment itself can be seen as new cosmological signal

> 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 f{° better than CMB

> Future: theory for the shape bias, bispectrum etc.



