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In the frame of the hierarchical structure formation in
the standard cold dark matter universe, the build-up of
galaxy clusters is characterized by the accretion of galax-
ies into higher-density cluster environments through fil-
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ABSTRACT

We present the properties of galaxies in filaments around the Virgo cluster with respect to their
vertical distance from the filament spine using the NASA-Sloan Atlas catalog. The filaments are
mainly composed of low-mass, blue dwarf galaxies. We observe that the g —r color of galaxies becomes
blue and stellar mass decreases with increasing vertical filament distance. The galaxies were divided
into higher-mass (log h2M, /M > 8) and lower-mass (log h>M, /M < 8) subsamples. We also examine
the g — r color, stellar mass, Ha equivalent width (EW(He)), near-ultraviolet (NUV )—r color, and
HI fraction distributions of the two subsamples against the vertical distance. The lower-mass galaxies
exhibit a negative g —r color gradient, whereas higher-mass galaxies have a flat g —r color distribution.
We observe a negative EW(Ha) gradient for higher-mass galaxies, whereas lower-mass galaxies show no
distinct EW(Ha) variation. In contrast, the NUV —r color distribution of higher-mass galaxies shows
no strong trend, whereas the lower-mass galaxies show a negative NUV — r color gradient. We do
not witness clear gradients of HI fraction in either the higher- or lower-mass subsamples. We propose
that the negative color and stellar mass gradients of galaxies can be explained by mass assembly from
past galaxy mergers at different vertical filament distances. In addition, galaxy interactions might
be responsible for the contrasting features of EW(Ha) and NUV — r color distributions between the
higher- and lower-mass subsamples. The HI fraction distributions of the two subsamples suggest that
ram-pressure stripping and gas accretion could be ignorable processes in the Virgo filaments.

Keywords: galaxies: dwarf — galaxies: evolution — galaxies: interactions — cosmology: large-scale
structure of universe

1. INTRODUCTION cesses that control the transitioning of galaxies in less-

dense environments to cluster galaxies.

Recently, the specific role of pre-processing in fila-
ments has been extensively explored in different sur-
veys. In particular, there is a growing body of ob-
e T corvational evidence indicatine that the pronerties of



[Tpennaraswineca pusnyeckme MmexaHm3Mmbl,
OENCTBYOLLME Ha FaNakKTUKy B dunamMmeHTax:

Tidal interactions B ounameHTax
Gas stripping Ha nepudepnn CKOMJaeHnn

AKKpeuWnsa ra3a B punameHTax (ecTb B
YNCI.9KCNEPUMEHTAX)

Nmerwmecs gaHHble OTHOCATCS B OCHOBHOM JINLWb K
MaCCUBHbIM rajlakTUKaM, a He K KapJinkaMm, XoT4
nocnegHmx bonbLue.

Mooxoodawmn onda aToro matepuan - Virgo filaments (Kim et
al.,2016, 7 pnnameHTOB).

B paboTe aHannsnposBasiMCb CBONCTBA raJlakKTUK U
namepanncb nx 3D paccTtoaHua 0o ocu oyia 6 us 7/
dnnameHTOB.



PnnamMmeHThl B OKPECTHOCTHAX CKOMJEeHUNn .....

are ideal places for the investigation of the physical
processes that control the transitioning of galaxies
In less dense environments to cluster galaxies.

YTOo n3BecTHO:

Galaxies close to filaments show a tendency to
have redder colors, lower Ha emission-line
equivalent width (EW(Ha)), and higher early- to
late-type galaxy fraction, indicating that the
efficiency of star-formation quenching varies with
distance from filaments.



 CocTasngdeTtcsd kKaTtasor rpynn (friends-of-friends for group
detection), 4T06 UCKNOYUTBL 3TU FAIAKTUKU N3 PACCMOTPEHUS
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Figure 1. Spatial distribution of galaxies around the Virgo filaments in the equatorial coordinate system. Colored curves are
spines of seven filaments identified by Kim et al. (2016) and colored circles are selected member galaxies that belong to the
filaments. NSA galaxies at z < 0.014 and group galaxies are denoted as gray dots and red circles, respectively. The large
rectangular box is the region of the Virgo cluster covered by the Extended Virgo Cluster Catalog (EVCC, Kim et al. 2014). In
our study, we only consider galaxies that do not belong to galaxy groups (colored circles without red dots).
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Figure 2. Galaxy number density profiles of six filaments
as a function of the vertical distance from the filament spine
(Dver). Circles are observed number densities at different
D, . and dashed lines denote the best-fit exponential models.
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Figure 3. Stellar mass distribution of member galaxies in
filaments.
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Figure 4. g — r (top) and NUV — r (bottom) color-

magnitude diagrams of galaxies in filaments (blue circles).
For comparison, galaxies in the Virgo cluster are also over-
plotted (black dots). The red solid lines represent the red se-
quence of the Virgo cluster and the red dashed lines are —3o
deviation from the red sequence. In the NUV —r CMD, the

blue curve indicates the blue cloud defined by Wyder et al.
(2007).

15

LOF---2Z2ZI2=---__ 1
= .-+_ :\.._"' . ,_\",_‘_
- 05 . ‘:-': ey N “\\ .
T e T e .
i - M .
— . . ._“1'._? v A
= oo} B -
g . " ]
i ' [
on ® L] : .'. ]
o] W \
= 05} . N
i L]
* L "I
.I 1
-1.0f ! ' 4
1 ]
1 1
]
|I |
_1r5..--l..--l--..l--..l..--l---.-l--luuluuuu
=3.0 =25 -2.0 =15 =1.0 -0.5 L] 05 14

log [NII]/Ha

Figure 7. BPT diagram of filament galaxies. Star-forming
galaxies are defined as those below the red curve of Kauff-

mann et al. (2003). AGNs are those above the black curve
of Kewley et al. (2001).



be3 pa3goeneHnsa no MmaccamM noslydyaeTcsd Kak B npealecTBYLWnX
paboTax (Mahajan et al. 2018; Luber et al. 2019; Sarron et al. 2019);
OKa3anocCb, YTO TOJIbKO AJ19 MAJIOMACCUBHbIX €CTb 3aBUCUMOCTb
MHTerpanbHOro useta oT Dy,
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Figure 5. g—r color (top) and stellar mass (bottom) versus
scaled vertical distance from the filament spine (Dye./R.).
The error bar of each bin indicates bootstrap resampling
uncertainty.
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Figure 6. g—r color (top) and stellar mass (bottom) versus
scaled vertical distance from the filament spine (D,../R.)
for galaxies in different mass ranges. The circles and dashed
lines represent higher-mass (log h2M. /Mg > 8) galaxies and
the squares and solid lines are lower-mass (log h2M. /Mg <
8) galaxies. The error bar of each bin indicates bootstrap
resampling uncertainty.
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Figure 8. Equivalent width of Ho emission line (EW(Ha)) Figure 9. NUV — r color wversus scaled vertical
versus scaled vertical distance (Dyer/R.) from the filament distance (Dye/R.) from the filament spine of higher-
spine of higher-mass (log h> M. /Mg > 8) galaxies (top) and mass (logh?M. /Mg > 8) galaxies (top) and lower-mass
lower-mass (log h? M. /Mg < 8) galaxies (bottom). The error (log h?M. /Mg < 8) galaxies (bottom). The error bar of
bar of each bin indicates bootstrap resampling uncertainty. each bin indicates bootstrap resampling uncertainty.

1aCCUBHBbIX FanakTuK - bosiee Mononoe 3B.HacesneHne aasbliue oT ocu hunamen
HHbIA NPUN B3aUMOAENCTBUN ra3 He BO3BPaLLAeTCHa B LEeHTP.006/1aCTb, X MO3TOMY
eTcd Ha SF B UeHTpe. Y MaCCUBHbLIX - BCE KakK OXXWOaeTcs.



A BOT TaK 3TO BbIrNAAUT A1 MAaCCUBHbIX FaJlaKTUK B
naneknx dnnameHTtax no Luber et al 2019 (z=0.1-
0.45)
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* HI- no ALFALFA (127 r-k)
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KcnepMMeHTaM' 3|D|er TO)Ke He 3aMeTH bl_ Figure 11. HI gas fraction (fy;) versus scaled verti-

cal distance (Dye,/R.) from the filament spine of higher-
mass (log M. /Mg > 8) galaxies (top) and lower-mass
(log h*M, /M < 8) galaxies (bottom). The error bar of
each bin indicates bootstrap resampling uncertainty.



A BOT TaK 3TO BbIrNSANT O19 MACCUBHbIX FA/IaKTUK B
naneknx pnnameHTtax no Luber et al 2019 (z=0.1-0.45)
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OCHOBHbIe BbIBOAbI

* In g-r and NUV-r, ranaktukmn geMoHcTpupytoT a blueward offset from the red
sequence of the Virgo cluster and are dominantly located on the blue cloud.

« Ecnu He pa3genaTb Ha Macchl, To color becomes blue and stellar mass decreases with
increasing vertical lament distance - BepoaTHO, 13 -3a pa3HON 3PPEKTUBHOCTU
CNAHUA Npu cbopKe ranakTuKk.

* [lpn pa3zgeneHnn ranakTUK Ha MaccChbl NoJsiy4yaeTcsa MHasa KapTuHa. Pa3nnydve B
pacnpeneneHnmn EW(Ha) n NUV -r, no-euanmomMy, oTparkaeT pa3sINndHyto
3(ppekTMBHOCTK Npoueccos 38e34000pa3oBaHUSA NPU NPUINBHbBIX B3aNMOLENCTBUAX.

* Both higher- and lower-mass galaxies show no statistically significant variations in HlI
fractions with the vertical filament distance. This indicates that possible mechanisms
related to intra-filament medium, such as ram-pressure stripping and gas accretion,
could be ignorable for galaxies in the Virgo filaments.

P.S. OcTaeTcda B3auMOAeNCTBUE N CZINSAHNE raslaKTUK KaK OCHOBHOW MeXaHWU3M
pa3nn4yunmn.

Mo koMmMeHTapuin. 1o cpaBHeHUIO C AaHHbIMK Luber et al 19 pa3nunydume B pesynbTaTax
CBA3aHbl, NO-BUANMOMY, B MepPBYO o4yepenb, He C APYrMMy MacCaMmn rasakTukK, a C TeM,
4YTO PacCMOTPEHHbIe 34eCb raslakTukm bonee 6oratbl ra3om. Y Luber et al, 2019
raslakTUKN B OCHOBHOM KpacHble, noTtepaswume ra3 (E-S07). bonee MouwHble PUTAMEHTbI?
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