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ABSTRACT

We investigate the 3D spin alignment of galaxies with respect to the large-scale filaments
using the MaNGA survey. The cosmic web is reconstructed from the Sloan Digital Sky Survey
using DisPErSE and the 3D spins of MaNGA galaxies are estimated using the thin disk
approximation with integral field spectroscopy kinematics. Late-type spiral galaxies are found
to have their spins parallel to the closest filament’s axis. The alignment signal is found to be
dominated by low-mass spirals. Spins of SO-type galaxies tend to be oriented preferentially in
perpendicular direction with respect to the filament’s axis. This orthogonal orientation is found
to be dominated by SOs that show a notable misalignment between their kinematic components
of stellar and ionised gas velocity fields and/or by low mass SOs with lower rotation support
compared to their high mass counterparts. Qualitatively similar results are obtained when
splitting galaxies based on the degree of ordered stellar rotation, such that galaxies with high
spin magnitude have their spin aligned, and those with low spin magnitude in perpendicular
direction to the filaments. In the context of conditional tidal torque theory, these findings
suggest that galaxies” spins retain memory of their larger-scale environment. In agreement with
measurements from hydrodynamical cosmological simulations, the measured signal at low
redshift is weak, yet statistically significant. The dependence of the spin-filament orientation
of galaxies on their stellar mass, morphology and kinematics highlights the importance of
sample selection to detect the signal.
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OTKyna BOoOOLLEe raslakTukKum noJsiy4yatort
YrJioBOM MOMEHT?

Protogalaxies acquire their spin by tidal torquing
coming from the surrounding matter distribution

dakTnyeckm - passutue naeu Codis etal,2015 (hydrodynamical
simulation).

...gas is expelled from adjacent voids, towards sheets and filaments forming
at their boundaries. Within these sheets/filaments, the gas shocks and
radiatively loses its energy before streaming towards the nodal points of the
cosmic network. In the process, it advects angular momentum, driving the
morphology of galaxies (bulge or disc). The evolution of the Hubble
sequence in such a scenario is therefore at least in part initially driven by
the geometry of the cosmic web. As a consequence, the distribution of the
properties of galaxies measured relative to their cosmic web environment
should reflect such a process. In particular, the spin distribution of galaxies
should display a preferred mass-dependent orientation relative to the
cosmic web.



Pe3ynbTaTbl CpaBHEHNSA C
HabngeHnaISMM NPOTUBOPEYUBDI

* While some works confirmed the existence of a galaxy spin transition
from parallel to perpendicular with respect to the filament’s direction,
others found preferential perpendicular orientation with respect to
filaments at all masses with no sign of a spin transition.

 Bo3MO>XXHa4 MPU4YNHa - pe3yJjibTaT MOXET 3aBNCETb OT MJIOTHOCTWU
CbVIJ'IaMeHTa, OT MacCCbl N YITJ1IOBOIrOMOMEHTa MaJ10o NaJlaKTuk.

* A much better agreement seems to exist for elliptical/SO galaxies, for
which a preferential orthogonal orientation of their spin (or minor axis)
with respect to their host filaments is found (Tempel et al. 2013; Pahwa
et al. 2016), in agreement with with results of shape measurements.

* On the other hand, Krolewski et al. (2019) found no evidence for
alignment in projection between galaxy spins, measured MaNGA
kinematics and filaments from the SDSS Main Galaxy Sample.



* UEJIb PABOTHbI:

In this work, we measure the alignment between filaments
Identified in the SDSS Main Galaxy Sample and galaxy spins
measured from MaNGA kinematics in 3D. (BINEPBbIE 3D).

* lcxoaHble gaHHble: 0630p MANGA (3600-10300°4, R =2000) for
stellar kinematics, mopdonormna - no GALAXY ZOO, donnameHThbI
from the publicly available code DisPerSE B npunoxeHun Kk SDSS
galaxy catalogue, yrosi Hak/10Ha - U3 POTOMETPUYECKOT O
oTHoLleHnda b/a.

 we consider only galaxies that are not too faraway from the
filaments ( 13 Mpc) and not too close to the nodes of the cosmic

web ( 0.5 Mpc)



3D BeKTOp CrNunHa

[TpoeKumnsa ocu BpalLleHs Ha TPU HarnpaBJlIeHUS

ﬁ,- = COS1,
Lo=(1- cos? .f')”2 sin PA,
Lo=(1- cos> r')”z cos PA,

e PA - KMHeMaTn4eckasa 0.0cb.

* i- yepe3 HabngaemMmoe oTHolweHne b/a (MpubnnmxxeHmne
nuncka c (b/a), from 0.23 for SO to 0.1 for Scd-Sdm

types)
* PA - MO aHaNn3y noJigd CKOpoCcTeun



OTOenbHO pacCcMaTpUBalOTCA:
e [QNaKTUKM No3aHMUX TUNOB (S) n nuH3oBUAHLIE (SO)
 [aNAaKTUKN MACCUBHbIE N MAaJIOMaCCUBHbIE

 [@/ITaKTUKN C paccorjacoBaHneM gnHaMnN4eCcKunx
6.0cen ong SMUCCUOHHOIO rasa v 3sesn, n 6es
paccorjiacoBaHuda (APA < 10° ona S- ranaktnk n APA
<20° ona SO).

* [anakTukn SO paszpenanncb no BennvmHe angular
momentum estimator A,




Table 1. Number of galaxies, average |cos y| and the KS probability
pKs that the sample is drawn from a random distribution for various
sub-samples of LTGs, SOs, and galaxies withA g > 0.73and A g <
0.4. For LTGs and S0Os, we provide also the results for photometric
data (shown in parenthesis).

selection Ngai  {cosy) PKS
611 0.53 6.2x1073
(852)  (0.515)  (2.3x1072)
230 0.55 4.6x1076

all

< 1010
LTGs My <107 Mo (377)  (0.521)  (1.9x1072)
381 0.517 6.4x10~1
10
Mye>100Mo 1750 (05)  (4.8x10°))
APA < 10° 556 0.53 7.5%1073
Al 269 0.465 6.5%10=
‘ (363)  (0.482)  (4.5x1072)
114 0.425 5.6x1074
< 1010
SOs My < 107" Mo (170)  (0.447)  (2.9x1073)
155 0.496 5.9x107!
10
My>10"Mo 193y (0513)  (5.9x10°1)
APA > 20° 117 0.446 3.2x1074
all 131 0.554 9.0x10~
M, < 10" Mg 71 0.593 5.4x1072
Ap > 0.73
R M, > 1010 Mg 60 0.508 7.5%107!
APA < 10° 130 0.557 1.0x1072
all 344 0.479 3.0x1072
10 -5
Ik < 0.4 M, < 1019 Mg 133 0.447 6.5%10

M, >10"M, 211 0.499 3.4%107!
APA > 20° 116 0.445 2.2x1073




Probability distribution function (PDF)

raJ1aktTmk S m SO
Pa3INYHbIX MacC

COS y=1 03Ha4YaeT BbITAHYTOCTb

BOJIb PUNaMEeHTa.

lhe solid grey line and shaded area
represent the median and 95%
confidence limits from 2000 random
samples, respectively.

Figure 1. Alignment between the filaments and spin of all (7op), and, low-
mass (bottom) LTGs. The alignment signal for the kinematically aligned
(i.e. APA < 10°) galaxies only is shown by the dotted line. The error bars
correspond to the bootstrap. The solid grey line and shaded area represent
the median and 95 per cent confidence limits from 2000 random samples,
respectively. The mean alignment angle together with the probability pgs
of the KS test are shown in each panel with corresponding symbols. LTGs in
the probed mass range tend to have their spin parallel to their host filaments.
The alignment signal seen for the entire population of LTGs is driven by the
low mass sub-sample (M4 < 1010 Mg).
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Figure 2. Alignment between the filaments and spin of all (rop) and low-
mass (bortom) SOs. The error bars correspond to the bootstrap. The solid
grey line and shaded area represent the median and 95 per cent confidence
limits from 2000 random samples, respectively. The mean alignment angle
together with the probability pgs of the KS test are shown in each panel
with corresponding symbols. SOs in the probed mass range tend to have
their spin perpendicular to their host filaments. The alignment signal seen
for the entire population of SOs is driven by the kinematically misaligned
(APA > 20°; red dotted line on the top panel) and low mass sub-sample
(M4 < 10" Mo).



* YTO aBN1eTCca onpenenfaoummMm B OpueHTaumMm CrimHa OTHOCUTESIbHO
dprnnameHTa - ynopaoo4eHHOCTb BpalleHna ancka (V/o) nnm
Mopdosiormna?

e CpaBHeHUe anaiilar mamantiim actimatar (3.)

o= (RIV
R = 3
(R+/V?+0?)
and measured via two-dimensional spectroscopy as
N,
. > o1 FiRi|Vi]

- Z:El FFR:'\/V;'2 + Ua'z’

where F;is the flux inside the th bin, R;its distance to the centre,
and V;and o; the corresponding mean stellar velocity and velocity
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Figure 3. Top: Alignment between the filaments and spin of all (lefr) and low-mass (right) galaxies with high spin magnitude (Ar > 0.73). Bottom: Alignment
between the filaments and spin of all (leff) and low-mass (right) galaxies with low spin magnitude (Ag < 0.4). The error bars correspond to the bootstrap. The

The strongest alignment signal was obtained for galaxies with 4= >0.73 and orthogonal
signal for galaxies with 1 <0.4. Galaxies with i >0.73 tend to be more aligned
(higher <cos y>) than the morphology-based sample of LTGs



PE3YJIbTATDI

e NS S-raflakTUK XapaKTepHO HanpaB/ieHNe CrHA NPEeNMYLLLECTBEHHO BOOJIb
bavxanwero yvyactka ounameHTa, o5 SO - nepneHaAnKYAsipHO

o 1NA ranakTUK MeHbLuen MaccCbl 3PPEKT OpMEeHTaLUN CMNHA BblPa>KeH CUNIbHee

» Results agree with the trends seen in hydrodynamical simulations (Codis et al.
2018; Kraljic et al. 2020b) showing that at fixed stellar mass the alignment signal is
dominated by galaxies with high v/e (ratio of rotation to dispersion dominated
velocities, used as a proxy for morphology), while the perpendicular orientation is
mostly dominated by galaxies with low values of v/o.

* Qualitatively similar results are obtained when splitting galaxies based on the
degree of ordered stellar rotation, such that galaxies with high spin magnitude have
their spin aligned, and those with low spin magnitude in perpendicular direction to
the filaments.

e INa ranakTuK, BblaeNeHHbIX Mo 60bLLOMY MOMEHTY, 3PPEKT opneHTaunmn
Bbipa>XeH CUJibHee, 4eM OJ19 rajlakTukK, BblaesieHHbIX No Mmopdgosiornn. However it is
hard at this stage to disentangle kinematics from morphology.



OB/ BbIBOO

* In the context of conditional tidal torque theory, these
findings suggest that galaxies’ spins retain memory of
their larger-scale environment. In agreement with
measurements from hydrodynamical cosmological
simulations, the measured signal at low redshift is weak,
yet statistically significant.
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