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A B S T R A C T 

The effect of angular momentum on galaxy formation and evolution has been studied for several decades. Our recent two papers 
using IllustrisTNG-100 simulation hav e rev ealed the acquisition path of the angular momentum from large-scale environment 
(satellites within hundreds of kpc) through the circumgalactic medium (CGM) to the stellar discs, putting forward the co-rotation 

scenario across the three distance scales. In real observations, although the rotation signature for the CGM and environmental 
three-dimensional angular momentum are difficult to obtain, line-of-sight kinematics of group member galaxies and stellar disc 
kinematics of central galaxies are available utilizing existing group catalogue data and integral field unit (IFU) data. In this paper, 
we use (1) the group catalogue of SDSS DR7 and MaNGA IFU stellar kinematic maps and (2) the group catalogue of GAMA 

DR4 data and SAMI IFU stellar kinematic maps, to test if the prediction abo v e can be seen in real data. We found the co-rotation 

pattern between stellar discs and satellites can be concluded with 99.7 per cent confidence level ( ∼3 σ ) when combining the two 

data sets. And the random tests show that the signal can be scarcely drawn from random distribution. 

Key words: methods: data analysis – methods: observational – methods: statistical – galaxies: evolution – galaxies: formation –
galaxies: kinematics and dynamics. 

1

A  

m  

a  

o  

1  

a  

s  

fi  

i  

l  

r  

c  

u  

s  

e  

m  

m  

d  

2  

o  

r  

s  

�

m  

D  

s  

m  

s
 

s  

L  

p  

a  

(  

2  

s  

a  

s  

b  

p  

a  

s  

s  

m  

s  

a  

c  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/3/7028/7452887 by guest on 01 February 2024
 I N T RO D U C T I O N  

s one of the most fundamental physical properties, angular mo-
entum plays a key role for us to fully understand the formation

nd evolution of galaxies. A widely accepted theory explaining the
rigin of halo angular momentum is the tidal toque theory (Peebles
969 ; Doroshkevich 1970 ; White 1984 ). The theory suggests that
 dark matter halo gains angular momentum at the linear growth
tage due to the misalignment between its inertia tensor and the tidal
eld tensor of the large-scale structure (LSS) around it, resulting

n an alignment between the halo’s angular momentum and its
arge-scale environment. When the evolution enters the non-linear
egime, the LSS modulation becomes less efficient, gas cools and
ontracts within the dark matter halo. During this process, it spins
p with angular momentum preserved, and becomes denser. Finally,
tar formation is triggered in the gaseous disc and a stellar disc
ventually forms. Traditional models assume baryons acquire angular
omentum from their dark matter haloes and define a specific angular
omentum retention fraction, denoted by f j . Usually f j is close to 1 for

isc galaxies (e.g. Mo, Mao & White 1998 ; Firmani & Avila-Reese
000 , 2009 ), which means baryons possess nearly the same amount
f specific angular momentum as dark matter. In this sense, as a
esult, correlations in angular momenta must exist among the large-
cale environment and the dark matter halo, the cold circumgalactic
 E-mail: wangsen19@mails.tsinghua.edu.cn 
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edium (CGM), and all the way down to the galaxy’s stellar discs.
uring the non-linear structure growth, other processes such as gas

hock-heating (White & Rees 1978 ; White & Frenk 1991 ) and galaxy
ergers, also start to redistribute the angular momenta of the entire

ystem, which tends to erase those correlations. 
These correlations have been widely studied using cosmological

imulations (e.g. Arag ́on-Calvo et al. 2007 ; Hahn et al. 2007 ;
ibeskind et al. 2013a ; Wang et al. 2018 ; L ́opez et al. 2021 ). In
articular, Moon, An & Yoon ( 2021 ) studied the so-called spin-orbit
lignment (SOA) of galaxy pairs in IllustrisTNG-100 simulation
Marinacci et al. 2018 ; Naiman et al. 2018 ; Nelson et al. 2018 ,
019 ; Pillepich et al. 2018 , 2019 ; Springel et al. 2018 ). They found
ignificant alignment between the pair orbital angular momentum
nd the central star, gas, and DM spins, which only exists in central-
atellite pairs, and the closer the stronger. Using cosmological N -
ody simulations, An et al. ( 2021 ) concluded that such SOA is
ossibly resulted from the local cosmic flow along the filament with
 further growth due to neighbouring interactions. A recent paper
eries (Lu et al. 2022 ; Wang et al. 2022 ) using the Illustris TNG-100
imulation revealed the modulation of a galaxy’s ambient angular
omentum environment (i.e. the satellite galaxies) on the central

tar formation activeness, via the cold CGM gas. They demonstrated
 significant signal of coherent rotation among the stellar disc, the
old CGM, and satellite galaxies (see fig. 9 of Lu et al. 2022 ). Similar
oherent signals between spins of the DM halo and those from their
eighbours were also confirmed by Kim, Smith & Shin ( 2022 ) using
 -body simulations. Observ ationally, great ef forts have also been
© 2023 The Author(s). 
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Figure 1. The statistics of galaxy types of MaNGA (upper panel) and SAMI 
(lower panel) for all galaxies (blue) and matched centrals (orange). The x -axis 
shows the different galaxy morphology types defined in each surv e y and the 
numbers on the histograms are the corresponding counts. 
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ade searching for correlated signals between galaxies/haloes and 
heir LSS environment (e.g. Lee & Erdogdu 2007 ; Kraljic et al. 2021 ;
arsanti et al. 2022 ; Tudorache et al. 2022 ). In particular, kinematic
oherence has been reported to exist with large significance using a 
ample of Calar Alto Le gac y Inte gral Field Area (CALIFA) galaxies
n their large-scale environment out to several Mpc (e.g. Lee et al.
019a , b ). 
In this paper, we follow the predictions of Lu et al. ( 2022 ) and
ang et al. ( 2022 ) and investigate the correlations between a galaxy’s

tellar spin and the kinematics of the orbit motion of satellite galaxies
n its neighbourhood. In particular, we search the signal using group 
atalogues of Sloan Digital Sk y Surv e y (SDSS) and Galaxy And
ass Assembly (GAMA) surv e ys, and the corresponding integral 

eld unit (IFU) observations therein, i.e. the Mapping Nearby Galax- 
es at Apache Point Observatory (MaNGA) and Sydney-Australian- 
stronomical-Observatory Multi-object Integral-Field Spectrograph 

SAMI), respectively. The paper will be organized as follows. In 
ection 2 , we present the galaxy samples and the selection criteria.
n Section 3 , we describe the methods. In Section 4 , the final results
re shown. Finally, summaries and conclusions are presented in 
ection 5 . The involved calculations in following sections adopt 
ifferent cosmological parameters, with the tot matter density of 
m 

= 0.238, the cosmological constant of �� 

= 0.762, and the 
ubble constant h ≡ H 0 / (100 kms −1 Mpc −1 ) = 0 . 73 for SDSS and
aNGA galaxies, and �m 

= 0.3, �� 

= 0.7, h = 0.7 for the GAMA
nd SAMI galaxies. 

 G A L A X Y  SAMPLES  

.1 The SDSS and MaNGA 

he SDSS (York et al. 2000 ) is a large surv e y aiming at mapping a
arge field of sky by capturing images and taking spectra of distant
bjects. Until now, the SDSS has produced spectroscopic data for 
illions of galaxies and photometric data for even a lot more. 
 number of catalogues have been built up based on these data
roductions for different scientific goals. In this paper, we adopt 
he group catalogue constructed by Yang et al. ( 2007 , hereafter
angDR7 ) using their own halo-based group finder. Applying this 
roup finder to the New York University Value-Added Galaxy 
atalog Data (Blanton et al. 2005 ) based on SDSS DR7 (Abazajian
t al. 2009 ), they obtain 473 872 galaxies and groups, among which
7 925 contain at least two Friends-of-Friends (FoF) members and 
4 441 are galaxy pairs. (Here, we just simply refer the groups with
wo members as the pairs.) Throughout this paper, we refer to the
rightest galaxies as the central galaxies of the groups, and all other
ember galaxies as satellites. 
As one of the fourth generation of SDSS (SDSS-IV; Blanton et al.

017 ), MaNGA (Bundy et al. 2015 ) has accomplished its task on
apping the kinematic structure and detailed composition of more 

han 10 000 nearby galaxies with stellar mass log M ∗/M � > 9.0 and
edshifts range of 0.001 < z < 0.15. MaNGA has obtained spatially
esolved spectra within the central 1.5–2.5 ef fecti ve radii of galaxies
ith 1–2 kpc physical sampling (Drory et al. 2015 ), thanks to its
7 IFUs. It provides a wavelength coverage of 360–1000 nm and a
pectral resolution of R ∼ 2000 (Bundy et al. 2015 ). These spectra
rovide us with two-dimensional maps of stellar kinematics, star 
ormation rate, stellar metallicity, and so on. The observed ∼10 000 
alaxies spread across ∼2700 deg 2 of the sky. No special selection 
riteria on apparent size or inclination are made, so these galaxies are
epresentative samples in the local Universe. In this paper, we used 
he stellar kinematic maps from the newest Data Analysis Pipeline 
DAP; Belfiore et al. 2019 ; Westfall et al. 2019 ) output in Data
elease 17 (DR17; Abdurro’uf et al. 2022 ) and the corresponding

ummary table called the DAPall catalogue. The DAP T Y P E (see
aNGA analysis pipeline website) of the kinematic maps we 

sed was labelled as V OR10 − MI LESH C − MAS T ARS S P ,
eaning that the map spaxels are binned to S/N ∼ 10 using the
oronoi binning algorithm (Cappellari & Copin 2003 ), that the stellar 
inematics are determined using the MI LESH C template library 
Westfall et al. 2019 ), and that the stellar continuum are fitted by the
AS T ARS S P templates (Abdurro’uf et al. 2022 ). After matching

he MaNGA galaxies with YangDR7 , we obtain 2429 central galaxies 
hat have at least one satellite member. Among them, 2428 centrals
re labelled with morphological types obtained from the MaNGA 

eep Learning DR17 Morphology catalogue (Dom ́ınguez S ́anchez 
t al. 2022 ) and the distribution of galaxy types is shown in upper
anel of Fig. 1 . To a v oid edge effect, which accounts for the fact that
 group may partly fall out of the surv e y edges, but not to reduce our
ample size too much, we give a cut to let the edge factor larger than
.9 (edge factor of 1 means no edge effect), leaving 688 LTGs and
33 S0s. 
MNRAS 527, 7028–7035 (2024) 
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Figure 2. An example (from MaNGA, Plate-IFU: 7959 −12702) on the 
rotation of the stellar discs. We rotate the original kinematic map (top panel) 
such that the kinetic major axis of the disc is then along the x -axis (bottom 

panel). We al w ays mak e sure that the redshifted (blueshifted) part lies on the 
left (right) side of the x -axis. The colour shows the LOS velocities of pixels. 
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.2 The GAMA and SAMI 

he heart of the GAMA (Driver et al. 2011 ) project is a spectroscopic
urv e y aiming at measuring ∼300 000 galaxies in detail using
he AAOmega multi-object spectrograph on the Anglo-Australian
elescope (AAT). The project is divided into three distinct phases,
AMA I (Baldry et al. 2010 ), GAMA II (Liske et al. 2015 ; Baldry

t al. 2018 ), and GAMA III (GKV; Bellstedt et al. 2020 ; Driver et al.
022 ). Until now, the GAMA team has released the fourth and final
AMA data release (DR4; Driver et al. 2022 ), which will be updated
hen new versions of data are available. In this paper, we used the

atalogues of GAMA II in GAMA DR4 for our analysis. The GAMA
I catalogues co v er three different surv e y re gions: equatorial, G02,
nd G23 (see GAMA webpage 1 for details), containing ∼460 000
cience targets. The GAMA data is arranged as the so-called Data

anagement Units (DMUs), each of which contains a particular type
f catalogue data or tables. The GROUPFINDING DMU (Robotham
t al. 2011 ) provides group catalogues for GAMA galaxies in
quatorial and G02 regions, giving 26 194 groups with at least two
oF members out of 83 093 galaxies. 
The SAMI (Croom et al. 2012 ) is a new instrument on the 4-m

AT equipped with integral field spectroscopy instrument, which
llows us to spatially measure galaxies in great detail. Recently, the
ewest SAMI Data Release 3 (DR3; Croom et al. 2021 ) containing
068 galaxies and their value-added data products (such as visual
orphology) have been available. These galaxies have stellar masses

anging from 10 8 to 10 12 M � with redshift range of 0.004 < z <

.115. The SAMI instrument has 13 so-called hexabundles, each of
hich contains 61 optical fibres with each subtending 1.6 arcsec,
iving a total diameter of 15 arcsec for one bundle (Bryant et al.
014 ). The angular resolution of SAMI is expected to be ∼2.1 arcsec
onsidering seeing. For spectral sampling, SAMI has a resolution of
 ∼ 1700 in the blue arm with a wavelength coverage of 3700–
700 Å and a resolution of R ∼ 4500 in the red arm co v ering a
avelength range of 6300–7400 Å (Bryant et al. 2015 ). The stellar
inematics in SAMI are derived using penalized Pixel-Fitting code
 PPXF ; Cappellari & Emsellem 2004 ; Cappellari 2017 ). Matching
AMI galaxies with the GAMA group catalogue we obtained 597
roups, where 432 centrals are spirals/S0s. The morphologies of all
AMI galaxies are visually classified (see Cortese et al. 2016 for
etails) by the team through SDSS or VST/ATLAS RGB composite
mages and are available in VISUALMORPHOLOGYDR3 catalogue. The
ounts of different types are shown in the lower panel of Fig. 1 .
mong all of the centrals, 562 galaxies have well-defined kinetic
osition angles (PAs). Criterion that GroupEdge value of groups
hall be larger than 0.9 is also applied, leaving 400 spirals/S0s. 

 M E T H O D O L O G Y  

.1 Stacking the kinetic fields of host stellar discs and satellites 

n fig. 9 of Lu et al. ( 2022 ), the authors demonstrated the co-rotation
ignals by stacking the line-of-sight (LOS) velocity maps of the
mbient cold CGM gas and satellites of TNG-100 galaxies according
o their corresponding stellar discs. The steps therein are summarized
s follows: first all galaxy discs were rotated to their edge-on
onfigurations using the corresponding rotational matrices; secondly
 random disc inclination between −60 ◦ and 60 ◦ was applied to each
imulated galaxy around the major axis considering that observed
NRAS 527, 7028–7035 (2024) 
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alaxies are rarely perfectly edge-on. The redshifted sides of galaxy
iscs were all put on the same side in the sky plane during stacking.
inally, the same operations were done for all satellite galaxies and

he CGM gas cells. After stacking, a coherent pattern in the LOS
inematics appears among the galaxy discs, the associated cold CGM
as, and the satellite galaxies in the environment. 

When dealing with the collected observational data in this work,
e took a similar approach but with a fe w dif ferences due to the

imitation of the data. Both MaNGA and SAMI provide catalogues
f morphological type of galaxies, based on which we first selected
ate-type galaxies (LTGs) and S0 galaxies for MaNGA and all
pirals and S0 galaxies for SAMI as our stacking samples because
f their well-recognized stellar discs. As we have no idea about
he rotation matrices of galaxies in their sightlines, so we selected
alaxies that appear nearly edge-on with clear rotation kinematic (see
ig. 2 ). We note that although MaNGA also gives a parameter in its
orphological catalogue describing whether the galaxy is edge-on,

he edge-on criterion is too strict to result in any sizable statistical
ample (113 LTGs/25 S0s in 688 LTGs/133 S0s). We therefore did
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Figure 3. The distribution of central redshift, central stellar mass, central ef fecti ve radius, and the satellite number of the selected samples. Silver, blue, and 
green lines are for tot samples, MaNGA samples, and SAMI samples, respectively. Vertical lines in the lower left panel represent the medians. 

N
w
d
S
t  

(  

t  

s  

T  

M
 

t  

w
p
F  

d
 

t
s  

2

i  

(  

h
 

o
r
T  

a  

m  

g

3

C
t  

w

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/527/3/7028/7452887 by guest on 01 February 2024
OT adopt the MaNGA edge-on parameter as indication. Instead, 
e took a visual inspection approach through images and two- 
imensional velocity maps, and finally obtained 326 LTGs and 58 
0s for MaNGA galaxies, and 196 spirals/S0s for SAMI galaxies 

hat have kinematic maps with good sense of rotations. The statistics
i.e. redshift, stellar mass, ef fecti ve radius, and satellite numbers) of
he selected systems are shown in Fig. 3 . The stellar masses of the
elected galaxy samples span a range of log M ∗/ M � ∈ [9 . 0 , 11 . 5].
he median ef fecti ve radii of the two galaxy sample are about 5 kpc.
ost of the systems have one or two satellites. 
We then took the kinematic PA of each central galaxy to rotate

he o v erall kinematic field. The adopted PAs for MaNGA galaxies
ere derived from Zhu et al. ( 2023 ), which adopted the PAFIT 2 

ackage and the PAs for SAMI galaxies were calculated using the 
IT KINEMATIC PA code. Both of them are derived using the algorithm
escribed in appendix C of Krajnovi ́c et al. ( 2006 ). 
The kinematic PA of each central galaxy was then used to rotate

he stellar kinematic map, as well as the associated satellites galaxies 
uch that the projected major axis is along the x -axis as is presented
 Version 2.0.7, from https:// pypi.org/ project/ pafit/ . 

f  

o  

a
p  
n Fig. 2 . A further rotation was given to make the redshifted
blueshifted) side of the stellar kinematic map appear on the left-
and (right-hand) side during stacking. 
As the galaxy sample spans a stellar mass range o v er two orders

f magnitudes, a further normalization on the projected separation is 
equired before stacking in order to eliminate the mass dependence. 
o do so, we scaled the physical distances along the projected major
xis with the corresponding ef fecti ve radius R eff , and those along the
inor axis by b 

a 
R eff , where b 

a 
is the projected axial ratio of the central

alaxy. 

.2 Distinguishing the red- and blueshifted satellites 

onsidering the spectral resolution and the fact that satellites with 
oo high relative velocities are not likely to be bound to the systems,
e further retained satellites with relative LOS velocities (see below 

or details) ranging from 30 to 500 km s −1 . The LOS velocities
f satellites relative to their centrals are calculated based on the
ssumptions that the centrals present no peculiar motions and the 
eculiar motions of satellites are non-relati vistic. The relati ve LOS
MNRAS 527, 7028–7035 (2024) 
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M

Figure 4. Histograms of the satellite projected separations (top) and LOS 
velocities (bottom) relative to the central galaxies. 
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Figure 5. The stacked distribution of satellites colour-coded by the LOS 
v elocities relativ e to their corresponding central g alaxies. All central g alaxies 
are rotated according to their kinetic PAs such that the kinetic major axes are 
all along the x -axis; and the redshifted and blueshifted side are put to the left- 
and right-hand side of the figure, respectively. The x -axis and y -axis are the 
normalized projected physical scale calculated at the central’s redshift with 
the corresponding cosmology (see Section 1 ). The star symbols represent the 
collections of the satellites, which are rotated accordingly and that meet the 
criteria of | y| < 20 R eff · b 

a 
. The histograms on the top of the panel show the 

distribution of these satellites along the major axis, with the red and blue lines 
for the positive and negative LOS velocities, respectively. Black dash–dotted 
line marks the x = 0. 
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elocity is defined as 

v los = 

z s − z c 

1 + z c 
c, (1) 

here z c and z s are the redshifts of the central and satellite galaxies,
espectively; c is the speed of light. The statistics of the satellite
rojected separations and LOS velocities are presented in Fig. 4 
If satellite galaxies indeed exhibit coherent kinematics as the cen-

ral stellar discs, one would expect that the redshifted (blueshifted)
atellites shall be preferentially distributed on the redshifted
blueshifted) side of the stellar discs of the host galaxies and therefore
he stacked (normalized) separation distribution along the major axis
f the redshifted satellite galaxies shall be significantly different
rom that of the blueshifted satellite population. To quantitatively
escribe this difference, we applied Kolmogoro v–Smirno v (K–S) test
o the two distributions using the PYTHON package named NUMPY , 3 

hich provides us a p -value, indicating the probability that the two
istributions come from the same underlying distribution. The lower
 is, the larger the difference is between the two distributions. 
We also ran random tests to our samples. We maintained the

adial ordering of the stacked distribution but assigned a random
NRAS 527, 7028–7035 (2024) 
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(  
ngle relative to the major axis to each satellite, resulting in one
articular realization of random angular distribution. Then we did K–
 test, giving us a p -value. After repeating this sampling and testing
rocess for enough times (e.g. 100 000 times), we obtained a group
f distributions and p -values. The 1 σ regions of these distributions
long major axis and the median with the standard deviation of the
 -values are taken as the result of the random tests. 
The other way to test the coherent kinematics is that if the

oherent signal exists, the satellites that satisfy x < 0 (i.e. on the
edshifted side of the stellar discs) would preferentially exhibit
edshifted LOS velocities; those with x > 0 would prefer blueshifted
OS velocities. We quantified the difference between the two LOS
elocity distributions also using the K–S test. Again, a smaller value
f p indicates a lower chance of the two distributions are intrinsically
he same. 

 RESULTS  

ccording to the structure formation and evolution theory, there
hould be expected correlations between large and small scales as
ave been seen in various simulations (e.g. Arag ́on-Calvo et al. 2007 ;
ahn et al. 2007 ; Libeskind et al. 2013a , b ; Wang et al. 2018 ; L ́opez

t al. 2021 ) and observations (e.g. Lee & Erdogdu 2007 ; Lee et al.
019a , b ; Kraljic et al. 2021 ; Barsanti et al. 2022 ; Tudorache et al.
022 ). Here, we study the coherent dynamics between the central
iscs and their satellites by stacking all samples, as is shown in Fig. 5 .
rom this relative spatial configuration, we see that the redshifted
blueshifted) satellites are preferentially distributed on the redshifted

https://numpy.org


Kinematical coherence in MaNGA and SAMI galaxies 7033 

Figure 6. The CDFs along the major axis of the satellites in Fig. 5 for all 
redshifted and blueshifted members (red and blue lines) but restricted to the 
same region. Solid lines are the distributions for real data, while shaded parts 
are the 1 σ regions of the 100 000 random angular sampling tests. Dashed 
vertical and horizontal lines represent the zero-point along the major axis 
and CDF value of 0.5. On the upper left shows the p -value of the K–S test 
between blueshifted and redshifted species. 
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Figure 7. LOS velocity distributions of the satellites shown in Fig. 5 . Blue 
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distributions. The black dash–dotted line just indicates the LOS velocity of 
zero. 

Figure 8. The CDFs of the distributions in Fig. 7 . Red and blue lines are for 
the x < 0 and x > 0 species. Dashed vertical and horizontal lines represent 
the LOS velocity of zero and CDF value of 0.5. Upper left is the p -value 
of the K–S test between these two distributions. The platforms of the two 
distributions near the zero-point are due to the cut of LOS velocities larger 
than 30 km s −1 . 
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blueshifted) side of the stellar discs of the host galaxies, and a
ignificant difference appears between the distributions of satellites 
long the major axis (i.e. red and blue histograms), especially at 
cales within ±20 R eff , about ±100 kpc. This difference indicates 
 preferential coherent rotation between satellite galaxies and the 
tellar discs of host galaxies and the scale is totally comparable with
he simulated results from the TNG-100 simulation, as is shown in 
g. 9 of Lu et al. ( 2022 ). 
In order to quantify the differences between these two distri- 

utions, we applied a Kolmogoro v–Smirno v test and the result is
isplayed in Fig. 6 . The blue and red solid lines are the cumulative
istribution functions (CDFs) of the projected separation along 
he major axis for the blueshifted and redshifted satellite galaxies, 
espectively. The dashed vertical and horizontal lines show the zero- 
oint on the x -axis and the 50 per cent accumulation points of the
DF. The CDF value of blueshifted satellites (blue solid line) is
bout 0.43 at x = 0, indicating an asymmetric distribution towards the
lueshifted part of the stellar discs. The same but more asymmetric 
ignal is seen for the redshifted satellites, for which the CDF at x =
 is ∼0.62. Through a K–S test, we found a p -value of ∼0.0027,
ndicating that the hypothesis that the two distributions are the 
ame can be ruled out at ∼3 σ level, or in other words, that the
edshifted and blueshifted data are totally different distributions at a 
onfidence level of at least 99.7 per cent. The fact that the redshifted
blueshifted) satellites preferentially projected on the x < 0 ( x > 0)
ide, implies the expected coherent rotation between satellites and 
he central discs. The 1 σ regions (shaded) of the random tests show
early no preferential distributions and the median of the p -values 
 ∼ 0 . 56 + 0 . 31 

−0 . 36 ) indicates that this kinematical coherence can hardly be
rawn from the random distributions. 
In addition to splitting the population to the redshifted and 

lueshifted parts by their LOS velocities and examining the dif- 
erence in their offset preferences, we also divided the satellites into 
wo groups with x > 0 and x < 0 and compared their LOS velocity
istributions. The result is shown in Fig. 7 . According to our stacking
rocedures in Section 3.1 , x > 0 and x < 0 actually correspond to
he blueshifted and redshifted parts of the stellar discs. The K–S
est shown in Fig. 8 indicates the two distributions are different at a
onfidence level of 99.96 per cent ( ∼3.5 σ , with p -value of 0.0004).
he fact that the satellites with x > 0 ( x < 0) exhibit an LOS velocity
istribution towards the blueshifted (redshifted) case, same as that 
f the stellar disc rotation direction, again implies the co-rotation 
etween the stellar discs and satellites. 

 C O N C L U S I O N S  A N D  DISCUSSIONS  

n this paper, using two sets of observation data, i.e. the SDSS and
aNGA galaxy surv e y, and the GAMA and SAMI galaxy surv e y,
e carry out a search for a coherent kinematic signal between the
MNRAS 527, 7028–7035 (2024) 
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tellar discs and their ambient galaxies, as predicted in the TNG-100
imulation and explicitly demonstrated by Lu et al. ( 2022 ). 

To do so, we selected the late-type and S0 central galaxies that
how clear patterns of regular stellar-disc rotation through visual
nspection in the MaNGA and SAMI galaxy surv e ys, rotated and
tacked the kinematic field of these systems (see Section 3.1 ) to
earch for the predicted coherent kinematics. A K–S test showed
hat the distributions of the projected locations of the redshifted and
he blueshifted satellite populations differ at a confidence level of
9.7 per cent ( ∼3 σ , see Section 4 and Figs 5 and 6 therein). In
articular, the difference is as such that the redshifted (blueshifted)
atellites are preferentially distributed on the redshifted (blueshifted)
ide of the stellar discs of the host galaxies. We also ran random tests
o our samples (see Fig. 6 ), which shows the co-rotation can hardly
e derived from random distribution. While the two populations that
re divided according to their projected locations with respect to the
entral stellar disc also exhibit different LOS velocity distributions.
he confidence level for such a difference is 99.96 per cent ( ∼3.5 σ ,
ee Figs 7 and 8 ). The difference is present as such that satellite
alaxies projected on the redshifted (blueshifted) of the rotating
tellar discs also preferentially have redshifted (blueshifted) LOS
 elocities. All tests abo v e confirm the prediction that the satellites
re co-rotating with the central stellar discs. 

The co-rotation signal, as is presented in Fig. 5 , is significant at
bout 100 kpc ( ∼ ±20 R eff ) and becomes weaker when going to
arger scales. According to the angular momentum acquisition and

odulation scenario (Lu et al. 2022 ; Wang et al. 2022 ), the spin
f the stellar disc is an inheritance of the cold CGM, the spin of
hich is further modulated by its ambient environment (satellites)

hrough interactions like merging and fly-by. It is worth noting that
he coherent kinematic signal is exactly the consequence of such an
ngular momentum inheritance from large to small scales. Ho we ver,
his can only be observed when stacking a sizeable sample of galaxies
n their merging and interacting environment. On individual cases,
he cold CGM gas is al w ays in form of localized in-spiral streams
see figs 4 and 8 of Wang et al. 2022 ) rather than a butterfly-like
ccretion disc, which can only be seen after stacking (see fig. 9 of Lu
t al. 2022 ). Equally, the multidirection galaxy accretion would not
uarantee that we observe coherent rotations of satellites around each
nd e very indi vidual host. The coherent kinetic signal as reported in
his work can only be seen after stacking systems lined up according
o kinematic major axes of the stellar discs. 

Our disco v ery is generally consistent with pre vious observ ational
tudies on the co-rotation between galaxies (i.e. their stellar discs)
nd their environment. In Lee et al. ( 2019a ), the author found clear
vidence (3.5 σ ) of dynamical coherence (measured by luminosity-
eighted velocity difference in neighbouring galaxies that are
rojected on different kinematic sides of central galaxies) existing
etween galaxy outskirts and their neighbours ( not only satellites ),
p to 800 kpc using the CALIFA (S ́anchez et al. 2012 ) surv e y data
nd NASA-Sloan Atlas (created by Michael Blanton) catalogue. The
oherent signal gets stronger at smaller distances within 300 kpc
see fig. 11 therein). Lee, Pak & Lee ( 2020 ) further showed that
he small-scale dynamical coherence is also accompanied by galaxy
onformity, indicating that galaxy interactions are responsible for
oth observations. In Lee et al. ( 2019b ), the authors claimed that such
 dynamical coherence can extend up to ∼6 Mpc (at 2.8 σ ), which is
till not well explained. It is interesting to note that Mai et al. ( 2022 ),
ollowing a similar method as Lee et al. ( 2019b ), however, did not
etect similar coherent signals as up to a projected distance of 10
pc from central galaxies. They also suggested that the coherence

t larger scales might be caused by the coincidental scatter or the
NRAS 527, 7028–7035 (2024) 
ariance of LSS rather than physical relations between galaxy spins
nd their neighbours. 

In general, galaxy systems are born in their large-scale envi-
onment. Their evolution is also largely shaped by the large-scale
eld. The large-scale matter distributions of cosmic structures set
p initial conditions for galaxies to be born with and also determine
ow materials like gas and gravitationally bound haloes at smaller
cales are accreted from nearby cosmic webs to galaxy centres. The
ormer flows into a galaxy’s centre and forms stars, while the latter
ecome satellites (or passers-by) and provide modulations to the
alaxy through interactions. Here in this paper, we search for a co-
otation pattern among galaxy groups, which is only significant at
cales of 100 kpc. It would be interesting to investigate how far this
ignal may extend to, as a consequence of co-evolution of galaxies
n their large-scale environment. 
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