SRITRE S 5 HARHT
FEDBEAN RO ST SRAAEIZHED

RIEA(ERXE) . BAEK N (BEXR) . \KEX(BIXXE)

BEEHZRFRHSTomo-e GozenlZ&STime Domain Astronomy
~NDRBLGEESY ., BROBLET,

RKT—TIEESEIDOERT—IMSHNTULVET A, Palomar
Schmidt Altas MR FE ST ELDI T ETRAIE TZELY,

223wk UR 20211008 RIEAI(EMLERXE) 1

(1) Cosmic vortex field:
Observations and Theories

(a) Primordial Whirl (b) Pan cake collapse (c) Tidal torque
Weizsaecker 1951 Zeldovich 1978 Peebles 1978

Gamow 1952 Doroshkevich 1973 Barnes Efstathiou 1987
Ozernoi 1974 Shandarin 1974

Modern Standard

(d) ACDM Structure Formation cluster-galaxy tidal force
] galaxy-galaxy tidal force

Random Gaussian, Orbital mixing

Harrison-Zel’dovich spectrum
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Basic Question: Do galaxies spin randomly?
(1) Scalar Density Perturbation : CMB, Galaxy Distribution
Vector Field Perturbation: Vortex Distribution
(2) Theoretical Scenarios of galaxy spin
(a) Primordial Swirl, (b) Pan-cake Shock, (c) Tidal Torque,
(d) ACDM fluctuation
(3) Observational Test Methods
(a) galaxy axis ratio distribution, (b) position angle distribution
(c) Spin Parity distribution
(4)S/z Database
SDSS, Pan Starrs, DES, ESO DSS, HSC, => Human-+Al Classification of S/Z

(5) Formalism of dipole analysis and Early results on
Local Universe disproving Shamir’s papers.
(lye, Yagi & Fukumoto, 2021, ApJ 907,123)
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Search for Large Scale Anisotropy
in Spin Parity Distribution of Galaxies

* Anisotropy in scalar density : CMB{z=1100), Galaxy Distribution (z=0~1)
=> Constraint on Cosmic Expansion Model, Galaxy Formation Scenario
* Anisotropy in vector field : Vorticity field (z=0~1)
=>> Structure Formation Scenario
@ Galaxy Spin Vector Field (HSC, PanSTARRS)

* Complementary and more robust to studies using distributions of
the axis ratio and/or the position angle
”
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“Corroborative Evidence for Trailing Spirals”
— 146 Spiral Galaxies—

w3l : lye, Tadaki, Fukumoto 2019: ApJ, 886, 133.
Table 1. Observationally confirmed spin parity of spiral galaxies
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Z®3Z I11. Dipole Analysis of the Distribution of SDSS Spirals with 3D
Random Walk Simulations
lye, Yagi & Fukumoto (2021) ApJ 907, 123.

Developed a formulation to quantify dipole strength calibrated with 3D
random flight (Chandrasekhar 1943!)
Confirmed Shamir(2017) catalog shows 4c dipole anisotropy (left)!!!

But found a serious duplication of data entry. 160k sample=>75k sample
After removing the duplication, dipole has gone (right).
Shamir(2020) still publishes dipole finding(Shamir2020).
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Dipole anisotropy (??) in
Local Super Cluster
Shamir(2017) published S/Z catalog of 160k SDSS spirals.

He claimed to find 50 anisotropy.

EXGHRGOTHREITROT—
RERTLTHI=D

#fferent (a, §) combinations

lye et al. (2021) found serious data flaw of Shamir’s catalog and denied anisotropy.

—75 . Galaxy Zoo data of 20k spirals (z<0.10) shows 7 o anisotropy ?
(Fukumoto +2021 in prep).
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Formula to evaluate dipole signal

D(P) = EP - Gi/N = Zh; cos @; /N

-1 (Sw!se) P
hi =4 0 (no_spiral) N SR
1 (zwf.el“)
. hi=+1(Z-wise)
. If random “1(S-wi
3D random flight (Chandrasekhar 1943) 1(S-wise)
= 0921 - Fo\
D v [\
s ¥ ¥,
The associated standard deviation from this expected / L
mean distance is given hy | A
Stddev 1k..'2“”?7\1'2JI ‘. - - 2 :.
0.380 \ -
VN £ 5
Required sample N to detect residual
dipole signal p at s-sigma level z

N > (292101 —p)(1 + ) 2 8) ~/
0.5p pec G: N step 3D random flight
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S/Z Catalog of Dark Energy

Red Shift mean |stddev mean"’“’l stddevtocal | glocal | eaniso Istddevise| iSO

3D distribution of 280k PanStarrs spirals
studied (z<0.05) (Fukumoto+ 2021)

Survey samples by deep learning
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(2) Observables of spin vectors

* Galaxy axis ratio distribution 12

* Galaxy position angle distribution
(MacGillivray et al 1982, Helou 1984,
Trujillo et al 2006, Lee & Erdogdu 2006)

Error ambiguity
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 Spiral winding sense S/Z
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for the southern sky
(Umayahara+2022, in prep.)
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* Veena et al(2020) arXiv:2007.10365v1

“The Cosmic Ballet lll: halo spin evolution in the cosmic web”

* Analysis of ACDM galaxy formation simulations
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Borchkhadze&Kogoshvili 1976,
Yamagata et al 1981,
lye & Sugail991, Sugai & lye 1995)
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Fai. 3.—Probability density disaribusion of the cosines of the anghes baween
the spiral galaxy’s spin axes and the intermediate principal axes of the local tidal
un-\r‘- The dots with Poisson errors represent the observational results, the solid

1o the amalytic predi

aod the

doned lime represents the case

of no coamelation. The shaded area represents | o of the correlation pammeter. A
total of 12,347 spiral galaxies with all mombological types are used.

Spin-filament axis correlation

= w5s =5 CEDS =3 £ ois EET) =3 g Tha
CoSE), e COSO, ey cos8 . COSE, e

Figure 6. PDF of the halo spin—filament alignment angle: Each panel shows the distribution of the spin—filament alignment

angle for haloes in different mass bins, with halo mass increasing from left to right (see upper text label in each panel). Coloured lines

correspond to different redshifts (see the legend in the left-most panel). The grey horizontal line and its associated shaded region show

r@Dﬂcmvsb’ (he mean expectation and the 68 percentile confidence interval when no alignment is expected. Low-mass haloes have an

& = 1), whila high-mass ones have a for pe
(; a. «{;.1.35% 4{% ;’Zm& ﬁ@m mass between the two regimes varies with redshift.
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spin-filament alignment Galaxy Image Archives
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HSC DR2 80k spiral (2<0.8) [CDWVTS/ 27 RBFEHIE
A3 Il: Tadaki+ 2020 MNRAS 496, 4276 0. S/ZRIHEMHT (Sugai&lye 1995) . Galaxy Zoo (2007)
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(Aihara+ 2021) to be studied.
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