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GALAXY INTRINSIC ALIGNMENT

‣ Challenge — contaminates weak lensing cosmology  

‣ Opportunity — probe of cosmology and galaxy formation physics

Codis et al. 2015
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GALAXY INTRINSIC ALIGNMENT — THEORIES
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Disk 

Catelan+2001, Hirata & Seljak 2004, White 1984
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Structure Growth and Accelerating Expansion

Galaxy intrinsic alignment —  Primary contamination of cosmic shear 
cosmology  
(Hirata & Seljak 2004, Troxel+2015)



Krause+2015

Ignoring IA can bias  derived cosmology (in i.e. Euclid WL)



INTRINSIC ALIGNMENT — OBSERVATIONS

Singh et al. 2015

Luminous red galaxies — clear IA 
signal shown by the correlation 

function between galaxy positions 
and intrinsic ellipticities

Mandelbaum+2011, Yao+2020

Blue star-forming galaxies — no clear 
IA signal detected so far



INTRINSIC ALIGNMENT — OBSERVATIONS

Singh et al. 2015

Luminous red galaxies — clear IA 
signal shown by the correlation 

function between galaxy positions 
and intrinsic ellipticities

Mandelbaum+2011, Yao+2020

Blue star-forming galaxies — no clear 
IA signal detected so far

Non-linear and baryonic physics dominates !



SIMULATIONS



IA POWER SPECTRUM

Merits of IA Power Spectrum 
▸ Scale dependence of IA 

▸ Full information on 2pt statistics 

▸ High S/N ratio

Kurita+2021, Shi et al. 2021a
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INTRINSIC ALIGNMENT — M* AND REDSHIFT DEPENDENCE



INTRINSIC ALIGNMENT — ENVIRONMENT DEPENDENCE
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INTRINSIC ALIGNMENT — MORPHOLOGICAL DEPENDENCE
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INTRINSIC ALIGNMENT — SYNERGY BETWEEN IMAGE AND SPEC SURVEYS
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INTRINSIC ALIGNMENT — SYNERGY BETWEEN IMAGE AND SPEC SURVEYS
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INTRINSIC ALIGNMENT — SYNERGY BETWEEN IMAGE AND SPEC SURVEYS
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ELGs traced density field cross correlate with LRGs ellipticity field

See Benjamin’s talk 
for prediction on 
high-z IA in PFS 
galaxy survey



GALAXY INTRINSIC ALIGNMENT

Codis et al. 2015

‣ Challenge — contaminates weak lensing cosmology  

‣ Opportunity — probe of cosmology and galaxy formation physics



‣ Complementary probe of Baryonic Acoustic Oscillation, Redshift 
Space Distortion (Chisari+2013, Taruya & Okumura2020) 

‣

INTRINSIC ALIGNMENT — PROBE OF COSMOLOGY

~1.5 tighter constraint by combing with IA

Taruya & Okumura 
2020



‣ Complementary probe of Baryonic Acoustic Oscillation, Redshift 
Space Distortion (Chisari+2013, Taruya & Okumura2020) 

‣ Special probe of anisotropic Primordial non-Gaussianity

Akitsu+2020

INTRINSIC ALIGNMENT — PROBE OF COSMOLOGY

 IA —> sensitive probe of anisotropic PNG (s=2)

Clustering —> isotropic PNG (s=0)
Dalal+2008



EMISSION LINE GALAXY (ELG) SURVEYS

PFS survey cosmology: use single tracer ([OII] emission line galaxies, i.e. ELGs) to 
map evolution of the large-scale structure of the Universe in a wide range of redshifts, 
0.6 < z < 2.4, over 1400 deg2  sky area covered also by the HSC image survey

DESI targets:

DESI Collaboration, 2016



Mandelbaum+2011, Yao+2020

Blue star-forming galaxies — no clear 
IA signal detected so far

Shi+2021a

NO IA detection 
for ELGs

INTRINSIC ALIGNMENT OF ELGS

OBSERVATION SIMULATION



Mandelbaum+2011, Yao+2020

Blue star-forming galaxies — no clear 
IA signal detected so far

Shi+2021a

NO IA detection 
for ELGs

INTRINSIC ALIGNMENT OF ELGS

OBSERVATION SIMULATION

NEW SHAPE ESTIMATOR



SHAPE ESTIMATOR

OBSERVATION SIMULATION
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See Kurita+2020 for tests of  
various shape estimators in simulations



SELECTION OF ELGS IN TNG300

SFR ranked selected galaxies  
roughly corresponds to 

[OII] emission line strength selected galaxies

Gonzalez-Perez+2020; Osato & Okumura 2021, in prep

Shi+2021a

Shi+2021b
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Shi+2021b



APERTURE SHAPE ESTIMATOR

Reduced inertia tensor

Shi+2021b
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 ——    flux of pixels 

 ——  distance of pixels to the ELG

 ——    mass of the stellar particles 
          within the galaxy

1Mpc/h aperture versus within ELG 

no weighting versus 1/r2 weighting



APERTURE SHAPE ESTIMATOR

Reduced inertia tensor

Shi+2021b
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 ——    flux of pixels 

 ——  distance of pixels to the ELG

 ——    mass of the stellar particles 
          within the galaxy
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INTRINSIC ALIGNMENT OF ELGS

High S/N IA signal obtained with 

Aperture shape estimator

Shi+2021b

IA power spectrum  
(Kurita+2020, Shi+2021a)

No IA signal with reduced shape estimator
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Outer region of luminous reds 
galaxies are more responsive to 

tidal field 

Singh+2015b



APERTURE SHAPE ESTIMATOR - APPLICATION TO LRGS

Okumura+2009

Misalignment between galaxies and halos



SUMMARY AND WORKING DIRECTION
Galaxy intrinsic alignment contaminates weak lensing cosmology  

3D IA power spectrum — full 2pt correlation information, scale 
dependence, high S/N ratio  

Mass, redshift, scale, morphological, environmental dependence of both 
shape and spin are studied in the simulation - useful for constraining the 
galaxy formation physics by comparing to observations 

Work in progress — direct measure intrinsic alignment in HSC survey for 
LRGs

Galaxy intrinsic alignment as cosmological probe 

The cosmological information encoded in IA signal of galaxies 
targeted by ongoing/future surveys can be promisingly 
extracted with our aperture shape estimator 

Work in progress — apply this estimator to observed image



TATT
Blazek+2019

Samuroff+2020





INTRINSIC ALIGNMENT — OBSERVATIONS

Fortuna+2021



Kurita+2020

INTRINSIC ALIGNMENT — MASS AND Z DEPENDENCE
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Hirata & Seljak 2004


