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1) Background of S/Z analyses

Basic Question: Do galaxies spin randomly?
(1) Scalar Density Perturbation : CMB, Galaxy Distribution
Vector Field Perturbation: Vortex Distribution
(2) Theoretical Scenarios of galaxy spin in 1980s
(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, => DL Classification of S/Z
(5) Formalism of dipole analysis and disproving Shamir’s papers.
(lye, Yagi & Fukumoto, 2021, ApJ 907,123)
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(1) Origin of cosmic vortex field
Galaxy Formation Schemes

(a) Primordial Whirl (b) Pan cake collapse
Weizsaecker 1951 Zeldovich 1978
Gamow 1952 Doroshkevich 1973
Ozernoi 1974 Shandarin 1974

T
we

Modern Standard

(d) ACDM Structure Formation
Random Gaussian,
Harrison-Zel'dovich spectrum
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(c) Tidal torque
Peebles 1978
Barnes Efstathiou 1987

cluster-galaxy tidal force
galaxy-galaxy tidal force
Orbital mixing



Inferred anisotropy Sugai & lye 1995
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Studied 8,800 spirals but found none.
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Only for M31, we knew for sure its near
side from differential reddening of GCs.

lye & Richter 1985

the projected major
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Fig. 1. Sketch of the distribution of reddened and unreddened globular clusters

in M 31

For M31, the NW dark
side is the near side.
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1) Ba ckg round: Any asymmetry in galaxy spin vector distribution?

Sugai+:1995

Concept of

S/Z analysis lye+:2019 lye+:2021

and 1st Spirals Disproved

application are all Shamir’s

to 9k spirals. “trailing” finding claim
Palomer+ |
ESO Survey | | SDSS PanStarrs,HSC,DES |

g 2017 | 020 i 2022
1995 2019 2021
3 decades Shamir: Tadaki+:2020 Fukumoto+:
blank dueto 2017/ 5/z 2023
Subaru/TMT ](C:-Ia(ljmed to Classification Spin Catalog of
inaan of 80k HSC 140k spirals at z
anisotropy spirals (z<0.8) <0.05 in 37t str.
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“Corroborative Evidence for Trailing Spirals”

— 146 Spiral Galaxies—
lye, Tadaki, Fukumoto 2019: Apl

Table 1. Observationally confirmed spin parity of spiral galaxies
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Galaxy Image Archives

_____ HSC___[DES_____|Panstams __|SDSS_____

Depth r<26.5 R<24.4 r<23.2 r<20.8
redshift <0.8 <0.1 <0.1 <0.05
Area(deg"2) 456 5,000 (South) 30,000 14,055

PGC001922_ DES) PGC001922 DES. PGC001922_DSS.  PGC001922_PS1)
41135358515108699 (z=0.37) Pg png png Pg
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Typical Examples

Yagi+2022 ADASS

Figure 1.  Examples of Z(left), S(center), and inside Z outside S(right)
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Spin Parity Catalog of Disk Galaxies

SDSS DR16

Spec 5,789,200

A

SSRT

" 4,284,299

19
—

SRT
5,622,627

SDSS DR16 B |SPrT
z=0.1 B -
Phot 4,593,715 1,706,652
Hyper LEDA | D [HRT
5,287,106 ™ 2895268
/"\
Pan-STARRS &gy
439,826,840 235,947,877

Galaxy Table

@E, TGSPJ

302,487

— o — e

Pan-STARRS

'Image

1302,478
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Confirme

321,652

_____________

Others :

Redshift Table

»| 6,183,452

259,049

N 195,957

K
Final | SCG
ChECkS 139’[}?8

Spec-z 65%
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2) Spin Catalog of galaxies

210° 240° 270" 300° 120° 150°

Fukumoto+2023
PanSTARRS Survey samples studied

Dark Energy Survey
samples to be added
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Objects with misassigned redshift at z ~0

Yagi+2022 ADASS
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Figure 2.  Redshift vs magnitude diagram of galaxies whose helicity is identified.

Those with SDSS spectroscopic redshift are plotted. The y-axis is PanSTARRS 1-

band Kron magnitude. Before(left) and after(right) cleaning imappropriate redshaft.
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Objects with misassigned redshift

Yagi+2022 ADASS XXXII

Figure 3. Examples of overlapping spectrum. Left: A foreground star located
in front of a background galaxy. The SDSS spectrum shows redshifted He, [NII],
and [SII] (z=0.1112). Center: A galaxy behind a Galactic planetary nebula. It 1s
not obvious in the default size postage stamp image that the galaxy is covered with
an foreground object. The spectrum shows emissions at z=0 and z=0.0429. Right:
Zooming out the field around shows the signs of an extended planetary nebula.
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Call for simulation studies on spin parity
distributions identifying the spin vectors not just
from the shape but from the vortex motion.

This is a complementary approach to the shape
analyses and disentangles the 4 fold or 2 fold
degeneracy associated in the shape analysis.



3) Anisotropy Analysis in the Local Universe

Dipole vector:  J — thff_g / N
N

h. : helicityr
/.- flip probability from viewer

g directional unit vector

Dipole Error

for data set a3 2 JZ(I + $in Bpin + Sin% Opin)
- : ||| = :

W|th void 3N

regions.
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Paper Ill: lye+ (2021)

Dipole formulation and with error evaluation and application to SDSS
sample. AplJ, 907,123

h'= +1(Z-wise), -1(S-wise)

N N
D(lp,bp) =) h'¥P/N =) h'cos6'/N (2)
i—1 i=1
If random

3D random flight : D is Gaussian
distribution (Chandrasekhar 1943)
and D? follows chi-squared
distribution with 3 dof.

W(R) = —erp(—3|R|2/2N(r®) 4.) (3
{ ) {QTL'P'\"F{PE}_J_T}/ISJ% p{ | | f ( /A ) { }

b Vor(2) _ 2v2 0921
" V3NT(3/2) V3TN VN

= i i
0p ~ (DymazVN — 0.921)/0.389. (6) D: N step 3D random flight

(4)
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Dipole anisotropy in
the Local Super Cluster (?)
Shamir (2017), lye+(2021)

Confirmed 4 o dipole for Shamir’s data.
But found data flaw. 160k =>75k sample.

Cleaned data do not show dipole anisotropy.
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4) Comments on PA/Axis ratio studies

* Galaxy axis ratio distribution LI R I B R
* Galaxy position angle distribution |
(MacGillivray et al 1982, Helou 1984, s
Trujillo et al 2006, Lee & Erdogdu 2006) -

Error ambiguity grr

e« Observation

— theory

* Spiral winding sense S/Z _
= > 1 bit info but robust Y A N N S

0 0.2 0.4 0.6 0.8 1

(Thompson 1973, cos@

Fic. 3.—Probability density distribution of the cosines of the angles between

BO rc h k h a d e & Kogos hVi | i 19 7 6’ the spiral galaxy’s spin axes and the intermediate principal axes of the local tidal

tensors, The dots with Poisson errors represent the observational results, the solid
lines correspond to the analytic predictions, and the dotted line represents the case

Ya m agata et a | 198 1 of no correlation. The shaded area represents 1 o of the correlation parameter. A
’ total of 12,347 spiral galaxies with all morphological types are used.
lye & Sugail991, Sugai & lye 1995)

Spin-filament axis correlation
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Position Angle Distribution

4500
oo Position Angle distribution

\ ba<083 7 | of PanSTARRS disk galaxies
e \\// shows excess at diagonal
3000 " directions in equatorial

_l063dbhd080 | L | 1.1 ] ,
coordinates.
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5) Cluster/Filament Analyses

Dipole analysis for

- /’{/ | \\\\\Q‘\
Dipole analysis in any sub-volume 24 B

the Local universe around an
arbitrary center

() =

Iuster/f
“ X ; e
SDSS . Kifanent -

PS2 Clusters RA DEC z Visibility
DES A1367 176.152083 19.758889  0.0220
HSC A2151 2413125 17.748611 0.03660
ESO DSS (2<0.8) A1689 197.8925 -1.3655555 0.18320
(z<0.1) ' A520 73.515833 2.8925  0.199 A
A2163 243.891667 -6.123888  0.203 A
A1758 203.18 50'540472 0.279 A

J0916+2951 139.045417 29.81222 0.53A
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Selected Deep survey regions with Hyper SuprimeCam
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Spin Anisotropy Analysis of 1Gpc HSC Survey Volume

Z=0.8=2.9Gpc
, f\ Z=0.4=1.6Gpc

50deg=1.9Gp

Requires convolution
of spin flip probability
f ~ effect from a viewer at
I the center C of the
studied volume.

5deg=250Mpc
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Dipole vector: (; _ théi /' N

! !
| = "‘\'f —

h:'  heliciby

f i flip probability from viewer

é,- . directional unit vector
Dipole Error
for data set 2 \/2(1 + $in Bpip + Sin? Opin)

oo \dl| = .

with void 3TN
regions.
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Spin Parity Paper Series

Question: Any asymmetry in the galaxy spin vector distribution?

Classic (Sugai+:1995) Concept of S/Z analysis and application to 9k spirals.

SDSS (Shamir:2017) S/Z catalog of 160k spirals. Claimed to find a strong
anisotropy.

Paper | (lye+:2019) Spirals are all “trailing”. Can use spiral S/Z parity to
judge the sign of the line-of-sight component of galaxy spin vector to look
for any anisotropy in their distribution.

Paper Il (Tadaki+:2020) Classified S/Z of 80k HSC spirals (z<0.8) with deep
learning.

Paper lll (lye+:2021) Dipole analysis calibrated with Monte Carlo
simulations and application to 70k SDSS spirals to disprove Shamir’s
claim to find a significant S/Z asymmetry in the nt str of the local
universe.

Paper IV (Fukumoto+:2023) Compilation of reliable spin catalog
of 45k PanStarrs spirals at z<0.05 in 3mt str and its dipole analysis.

25
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