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ABSTRACT

Context. The present study addresses a key question for our understanding of the relation between void galaxies and their environment:
the relationship between luminous and dark matter in and around voids.

Aims. To explore how empty of matter local Universe voids are, we study the full (dark+luminous) matter content of seven nearby
cosmic voids that are fully contained within the CosmicFlows-3 volume.

Methods. The cosmic voids matter density profiles are independently obtained using two different methods. They are built on one
hand from the galaxy redshift space 2 points-correlation function and, on the other hand, using peculiar velocity gradients from the
CosmicFlows-3 dataset.

Results. The results are noticeable since when using the redshift survey, all voids show a radial positive gradient of galaxies, while
based on the dynamical analysis, only three of these voids display a clear underdensity of matter in their center.

Conclusions. It is the first time such a detailed observational analysis of voids is conducted, showing that void emptiness should be
derived from dynamical information. Yet, from this limited study, the Hercules void is the best candidate for a local Universe pure
"pristine volume" expanding in 3 directions with no dark matter located in that void.
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Void Galaxy Survey (VGS) (Kreckel et al. 2011, 2012; Beygu et al.

2016, 2017)

CAVITY survey (Pérez & al. 2023) -

the Calar Alto Void Integral-field Treasury surveY:

BkntouaeT 15 BOMAoB, B KaXXA0M MUHMMYM 20 ranakTuK, Ha
KpacHbix cmeleHmnax 0.005-0.05

-> 3000 ranaktnku. N3 Hmux otbupatrotca 200-300 gna
HabnogeHn ¢ PMAS Ha 3.5m Teneckone Calar Alto

CosmicFlows-3: 18000 namepeHun pacctoaHNM + CKOPOCTU

7 sBonpgos CAVITY sBownun B CosmicFlows-3

MOHO BOCCTaHOBUTb pacnpeaeneHme macc,
CPaBHUTb C pacnpeaeneHnem ranakTuKk B Bonaax

Fig. 1. Interactive 3D visualization of the distribution of nearby voids
[Start Interaction]. The positions of the CAVITY survey target galaxies
are given using markers colored against their void membership as in-
dicated in the column displayed on the right-hand side. Hover on the
galaxy markers to display the galaxy positions, identifiers and void
memberships. The wireframe polygon is a high-density (5,, = 1.3)
iso-surface of the reconstructed CosmicFlows-3 overdensity field. Use
mouse action to rotate, pan, or zoom in or out. Single-click or double-
click on the elements listed on the right-hand side column to hide them
or single-them out from the scene.
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Fig. 2. Map of sample void against reconstructed CosmicFlows-3 density field. Map of galaxy and mass distribution within a slice —2000 <
SGX < 2000 km/s. Galaxy markers are given distinct colors as a function of their void membership. Scale and orientation are given by the 5000
km/s long green (SGY) and blue (SGZ) arrows emanating from our position, associated with the cardinal axes of the Supergalactic Coordinate
System.
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Fig. 3. Voids around the Hercules Void, zoom-in. The positions of galaxies are plotted against the reconstructed CosmicFlows-3 density contrast
and velocity field, within a slice —2000 < SGX < 2000 km/s. Galaxy markers are given distinct colors as a function of their void membership.
Scale and orientation are given by the 5000 km/s long green (SGY) and blue (SGZ) arrows emanating from our position, associated with the
cardinal axes of the Supergalactic Coordinate System. The map shows that the galaxies within Void 355 and Void 738 are subject to the evacuation
of matter from the Hercules Void, as mapped by the divergent flow at this location.

Boliabl — He n30anMpPoBaHHbIe 06beKTbl. OHM TaKKe MOTyT HaXOAUTLCA B

PErmoHax C BbICOKOM U HU3KOM NNOTHOCTbIO.

Void-in-cloud — B OKpy*K€HMWN BbICOKOM NAOTHOCTM BONAbI MOTYT CX/10MNbIBATHCA
Void-in-void — Borabl cavBatoTcA B BorAbl 60/bLLero paamepa

Bonabl 355 1 738 — paaom co cBEPXCKOMAEHNEM
Hercules, HO B permoHe HU3KOW NAOTHOCTMU.
487 v 727 — pagom co ceepxckonsieHnem Coma
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Fig. 5. Void radial density rofiles. For each of the seven SDSS/CAVITY nearby voids that are included in CosmicFlows-3 volume we show on the
left panel the radial number of galaxies and on the right panel the matter content computed from CF3 (blue) and from the galaxy number density
in SDSS (pink). All seven voids are empty of galaxies near their center and roughly up to their effective radius. However four voids (474, 487, 727
and 738) display CF3 computed overdensities of matter in their center.

Xopoliee cornacue — To/1bKo Agna songa 355,

B nonosmHe BonaoB HabntogaeTcs BbiICOKas
NJOTHOCTb BELWECTBA B LLEHTPE, NPU MaJIoM Yucae
ranakTuK.

Mpn paccmoTpeHnn pacnpeaeneHna CKOPoCTeEN Ha
OLLEHKY MacC BAMAET AMHAMMKA OKPYKaOLLMX
obnacrten?

BakHO pa3sinyaTb pasHble TUMbl BONAOB.



