Large -scale structure of the Universe:

big data surveys
VS.
multiwavelength properties

Iryna Vavilova, Dr.

Department of Extragalactic Astronomy and Astrolnformatics, Head,
Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
irvav@mao.kiev.ua



Large scale structure of the Universe Cosmic Rays
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Rl HocnigxeHHo BenvkomacurabHy
Rl CTPYKTYpPY B po3anofuni AKTMBHUX
flnep NanakTvk B peHTreHiBCbKOMY
ornmagi XXL (XMM-Newton)

3acrocoBaHo M0O3aiky BopoHoro
BULUMX NOPAOKIB [ BUAUIEHHA
MasnouMcenbHUX rpyn ranakrmk

XMM-XXL South

MpomoaenboBaHO PO3BUTOK ENEKTPO-MarHiTHNX PospotineHo wykau eoinie LaZeVo y posnogini
NABWH B KOCMIYHMX BoMgax ranakrtvKk Ha oCHOBI anpokcuMauil Jlarpanxa
3enbgoBnua.
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Cosmic voids are regions in the Universe
with small concentration of matter.

Main three classes of void finders:

1. It's based on a density criterion and defines
voids as regions empty of galaxies or with
density well below the mean. (Colberg et al.
2005; Brunino et al. 2007; Elyiv et al. 2013)

The disadvantages of the first and second void finder

2. It uses geometry criteria and identifies classes:
voids as geometrical structures like spherical
cells, polyedra, etc. (Platen et al. 2007; 1. Galaxies are used as mass tracers and some biasing

Neyrinck 2008, ZOBOV; Leclercq et al. 2014) prescription has to be adopted to specify the relation
between the galaxy and the mass density field.

3. It's based on dynamical criteria in which 2. By definition, voids are the low-density regions.
galaxies are considered as test particles Any method that uses galaxies to identify voids is then
of the cosmic velocity field. (Hahn et al. 2007; prone to shot noise error.

Lavaux & Wandelt 2010)

Main advantage of void finders of the third class is that
they can be defined in Lagrangian coordinates, which
greatly alleviates the shot noise problem and eases

the theoretical interpretation of the results.



In work by Elyiv, A., Marulli, F, Pollina, G., et al. 2015, MNRAS, 448, 642
finders that are based on dynamical criterion to select voids in Lagrangian
minimize the impact of sparse sampling.

we proposed two void
coordinates and

1. Uncorrelated Void Finder (UVF) uses the observed galaxy - galaxy correlation function to

relax the objects’ spatial distribution to homogeneity and isotropy.

2. Lagrangian Zeldovich Void Finder (LZVF) exploits the Zel'dovich approximation to trace

back in time the orbits of galaxies located in voids and their surroundings.

UVF finder.

The reconstructed displacement
field (left panel) and its divergence
(right panel), obtained with the

In our approach voids are defined as regions of the negative velocity divergence, which
can be regarded as sinks of the back-in-time streamlines of the mass tracers.

The significance of the divergence signal in the central part of voids obtained from both our
finders is 60% higher than for overdensity profiles in the modern ZOBOV finder.

The ellipticity of the stacked void measured in the divergence field is closer to unity, as
expected, than what is found when using halo positions.

Zoom of two regions of the slice.

Thick and thin lines show the shapes
of voids selected by UVF and LZVF
finders, respectively. Filled colored
areas show the voids found by ZOBOV.
The underdense regions selected by
UVF and LZVF appear always similar.




Within a distance of 40 Mpc from us, 89 spherical cosmic voids were discovered with tF
diameters of 24 to 12 Mpc, containing no galaxies with absolute magnitudes brighter thi
Magellanic Clouds, MK < -18.4.

We found that 93% of spherical voids overlap, forming three more extended percolated
called hypervoids.

The largest of them, HV1, has 56 initial spherical cells and extends in a horseshoe shaj
enveloping the Local Volume and the Virgo cluster.

The total volume of these voids incorporates about 30% of the Local Universe.

Among 2906 dwarf galaxies excluded from the original sample (n = 10502) in the searc
spherical volumes, only 68 are located in the voids we have discovered.

The dwarf population of the voids shows a certain tendency to sit shallow near the surf
cosmic voids.

Elyiv A., Karachentsev |., Karachentseva V., Melnyk O., Makarov D., 2013, Astrophysic.
Bulletin, 68, 1
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Projection of the HV1 hypervoid on the supergalactic SGX-SGY plane

(the top panel), SGX-SGZ (the middle panel), SGY-SGZ (the bottom panel).
The view from the negative (left) and positive (right) directions of the Z, Y,

X axes is shown in three panels, respectively. Colors show the distances

Distribution of voids projected on the sky in the equatorial coordinate system: the HV1
hypervoid (the top panel), the HV2 and HV3 hypervoids (the upper panel). The sizes
the circles correspond to the actual angular scales of voids. Colors show the distances
) the surface of voids.

to the supergalactic plane.

X-ray surveys constitute an important part of 25
LSS surveys due to the weak absorption at such
high energies.

More than 95% of all detected objects 40
in X-ray surveys away from the galactic plane are
Active Galactic Nuclei (AGN).

Owing to their high X-ray luminosity, AGN can be

detected over a wide range of redshifts in contrast
to normal galaxies, till z=4. These objects are excellent -6°
tracers of the cosmic web and voids. 0%

In work Elyiv A., Clerc N., Plionis M., et al. 2012, A&A, 537, A131 we studied the large-scale
structure of different types of AGN using the medium-deep XMM-LSS survey.

We measured the two-point angular correlation function of ~ 5700 and 2500 X-ray point-like
sources over the ~ 11 sq. deg. field in the soft (0.5-2 keV) and hard (2-10 keV) bands.

Depending on the model, the predictions of the typical strength of the magnetic field in the cosmic
voids range from 10 G up to 10™° G, from the limit on rotation measure of emission from distant
quasars, from the analysis of anisotropies of the cosmic microwave background.

Gamma-ray observations could, in principle, be used to constrain properties of the MF using the
imaging and/or timing of the y-ray signal.

Electro-magnetic cascade: y-rays from Blazar (class of energetic AGN which emit a relativistic
jet that is pointing toward observer) interact with the infrared/optical background photon producing
secondary electrons and positrons. Which deflect in weak cosmic void magnetic field and emit
secondary rays via inverse Compton scattering of CMB photons. Some of them with E, > 1 MeV
produce e*e” and so on.

S ° -
ol A
o Wc‘) A
LN Blazar:

Cosmic void: magnetic field, 1€V photons

CMB, infrared background
Elyiv A., Neronov A., & Semikoz D. 2009, Phys.Rev.D., 80, 023010
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aVavilova I., VasylenkoA., PulatovalN., Babyklu., DobrychevaD. } /;&\\§>

resenta completeanalysisof multi-wavelengthpropertiesof 61 isolated AGNS,
elimited to K,O012.0mandV, < 15 000km/s To obtaintheir propertiesnve usedall
the availabledatabasesbtainedwith groundbasedand spaceobservatoriesWe show that
the observednuclear activity of theseAGNSs is connectedmostly with the internal galaxy
parameters (relative mass/sizedark/visible matter content, multi-wavelengthproperties
of gasdust medium in accretiondisks,t o rstéusture, central black hole massetc.).

A Theseobjectswerepoorly investigatedespeciallyin X-rays,andour studyhasallowed

nto separatehe internalevolutionmechanismégrom the environmenitnfluenceand consider
themastwo separat@rocesseselatedto fueling nuclearactivity;

oto explore absorptionfeaturesand the X-ray continuum radiation from accretiondisks
aroundSMBHSs,

3using the spectralHb-line datawe estimatedthe SMBH massesf severalisolatedAGNs
anddemonstratetheir systematicalower valuesthanthe SMBH masse®f AGNs locatedin
adenseenvironment

sto evaluateX-ray properties,we processedhe spectraldata obtainedby XMM -Newton,
Swift, Chandra]NTEGRAL, andNuStar We determinedspectraimodelsandvaluesof their
parameters (spectral index, intrinsic absorption etc) using a cumulative soft and
reconstructechard energ%/s%oectrum The spectralparametergor most of these61 isolated
AGNs wereobtainedor thefirst time.

s5to find a significant excesscontentof Sy 2 type galaxiesin comparisonwith Sy 1 type
galaxies(41% and 10%); isolatedAGN hostsare mostly of late mortphol_ogl_caltypes t
meansa closeencountein their past(more3 Gyr) appearsapableof activatingan evolution
seqguence



Multi-wavelength properties
of the isolated AGNs at z < 0.1

Name RA DEC v Morph. T N Radio IR o UV  X-ray R Spec. Type
hh:mm:ss dd:mm:ss (km/s) (&) (mly) (mly)
A: Faint AGNs
IC1529 00:05:13.22  -11:30:09.3 6751 (R)SAO(r) 21.9 — 34 - 114 16.7 - 0.3 AGN
NGC0773 01:58:52.01  -11:30:52.6 5437 SAB(na 31.3 1! 4.9 1.6 11.5 - - 04 Sy3
NGC0918 02:25:50.22  +18:29:56.1 1508  SAB(rs)c 73.1 12 - 6.9 1.8 14 - - AGN
PGC989455 14:29:33.27  -09:33:40.5 12879 SO-a 18.9 - 5.8 - 24 - - 24 Sy3
UGC10244 16:09:55.47 +43:07:443 9785  Sbec 26.1 — 2.2 1.9 1.9 - - - Sy3
B: Composites galaxies
1C0009 00:19:44.00 -14:07:184 12622 Sb(r) 15.3 — 8.8 1.3 4.5 - - 1.9 Sy2,HI
NGCo0157 00:34:46.75  -08:23:47.3 1673  SAB(rs)bc 95.5 — 136 - 453 134 - 0.3 Sy2,HO
PGC89963 03:56:00.88  -13:42:32.7 8793 - 18.7 — 8.6 3.5 2.7 - - 3.2 Sy2,HI
MCG-02-27-009  10:35:27.35 -14:07:47.6 4529  SBO(rs) 38.8 — 4.3 1.6 114 - - 04 Sy2,HO
MCG-02-37-004  14:26:12.28 -11:54:16.3 12422 SABb 20.2 — 6.0 1.2 4.5 - - 1.8 Sy2,HO
UGC10774 17:14:09.07 +58:49:06.7 8873 SBAbc 17.3 13 1.5 - 0.08 - - - Sy3, HII
C: Isolated galaxies with small nearest or distant similar physical companions (according to the NED database)
NGC1050 02:42:35.57 +34:45:484 3904 (R)SB(s)a 37 1 319 8.9 14.9 - - - Sy2, HII
CGCG248-019 14:43:31.25 +49:23:353 9032 Sa 18.1 3 3.8 1.01 3.9 - - 0.9 Syl,HO
UGC01757 02:17:23.07 +38:24:499 5060 SO-a 28.6 2 16.3 - 5.8 - - 28 Sy2
NGC4395 12:25:48.92  +33:32:48.2 319 SAB(sr)m 376 >215 1.2,0.57 6.3 251 11.7 0.6 - Sy2
MCG-02-57-008  22:29:55.37 -08:16:45.5 10577 SBAc 25.4 2 6 3.2 8 - - 0.8 AGN
NGC5231 13:35:48.25 +02:59:55.6 6523  SBa 20.7 5 11.7 1.3 9 17.1 1.84 1.3 Syl
UGC10120 15:59:09.67 +35:01:47.3 9438  SB(Nb 22.9 2 5.9 1.37 24 14.5 0.3 25 Syln
NGC7479 23:04:56.66  +12:19:22.3 2381 SB(s)c 87.9 4 101, 417 25.8 104 148 0.023 0.9 Syl9
1C2227 08:07:07.17  +36:14:00.1 9673 Sa 17 2 5.1 1.1 5.5 - - 09 Sy2
UGC06398 11:23:11.44  +29:35:53.9 14137 Sbe 30.1 1 4.1 - 1.9 - - 21  Sy2
UGC06769 11:47:43.69  +01:49:34.3 8539  SB(rb 18.1 1 - 0.6 0.3 - - - Sy2
D: Pure isolated AGNs
MCG-02-09-040  03:25:04.94  -12:18:28.5 4495  SO-a 21.7 - 18.1 3.562 4.1 - 1.14 44 Sy2
UGC02936 04:02:48.25 +01:57:56.6 3814  SB(s)d 74.7 - 37.4 11.2 6.5 - 14 52 Sy2
CGCG179-005 08:25:10.24  +37:59:20.2 6362 Sb 16.5 11 4.8 - 3.6 - - 14 Sy2
NGC3035 09:51:55.02  -06:49:22.5 4350  SB(rs)bc 32 21 6.2 1.61 14.6 - 0545 04 Syls
UGC06087 11:00:32.50  +02:06:57.3 11824 SBb 26.6 - - - 4.7 16.9 - - Syl
CGCG243-024 11:53:41.76 +46:12:426 7385 SB(na 15.2 — - 0.9 1.5 15.6 0.125 - Syln
NGC5347 13:53:17.85 +33:29:26.7 2384 (R)SB(rs)ab 41.3 21 4.1,3.17 2.6 187 169 0.035 0.32 Sy2
NGC5664 14:33:43.60 -14:37:10.9 4544  Sa 24.8 - 66 4.1 4.5 - - 14.7 Sy2
MCG+09-25-022  15:07:45.04 +51:27:09.6 13801 SABb 21.1 - 3.8 0.8 04 - - 86 Syl
PGC86291 18:51:59.48  +11:52:33.7 2603  SB(r)c 44 - 8.4 5.9 4.1 - - 2.1 Syl
NGC6951 20:37:14.07  +66:06:20.3 1424  SAB(rs)bc 15.6 - 70.4,367 375 100 175 0.005 0.7 Sy2
2MFGC17245 22:55:59.94  -12:22:11.7 7552 Sc 20.8 3! 10.3 2.2 - - 4.7 AGN
UGC12282 22:58:55.28  +40:55:559 5097 SABa 57.8 21 11.8 3.8 5.9 - 2.14 - Syl.5
IC5287 23:09:20.28 +00:45:23.0 9715 (R)SB(mb 22.8 — - <0.3 5.8 171 - - Syl
IC1495 23:30:47.73  -13:29:07.6 6384  SAB()b 26.8 11 18.9 <43 286 - 0.7 Sy2

1 distance to the NED neighbor galaxy satisfies 2MIG, 2 Neighbor center of Galaxies Group, 3 Starforming region, 4 15-150 keV (Swnﬂ)
5 2-10keV (ASCA), © 0.1-2.4 keV (ROSAT), 7 5 GHz flux




black hole mass, M,

Velocity vs.
SMBH mass plane

The estimates of SMBH masses of the isolated AGNSs in the Local
Universe show that they are systematically lower than the SMBH
masses of AGNS located in a dense environment.



X-ray properties

of the Isolated AGNs
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Table 1. The main spectral parameters of NGC 1050, NGC 2989, ESO 317-038 and ESO 438-009 NGC 2989
for the absorbed power law fits to the data
(1 (2) (3) 4 (5) (6) (7) (8) &) (10) -
Object RA Dec. z Instrument Exposure Nu L, Ny Phot. ] T
(Type) (deg) (deg) (ks) 10 em | 10" erg/s index o |
(J2000) | (J2000) 2 - -
NGC 1050 | 40.648 | 34764 | 0.013 | XMM- 9.507* 567 | 2155023 | 47.43+0.81 2.0 i + |-+ ——
(Sy2) Newton/ 05-2keV) | (107 em™) (fixed) 3 I
EPIC PN e i — T
NGC 2989 | 146.355 | -18.374 | 0.014 |  Swift/ 27.8* 434 2.19 5070 | 1.69+0.68 .
(AGN) XRT (0,5-2 keV) s . € 1
(10 em™) T4 i
ESO 157.440 | -38349 | 0.015 | Swift/ | 14.4*48482 [ 6.0 27.1 17.0522% 1.7 : :
317-038 XRT+BAT 5 2 (fixed) : : ;
(AGN) (10 “cm _) Erargy ()
ESO 167.700 | -28.501 | 0.024 | Swift | 17.4%+7242 [ 5.6 357 4.614476 | 1.89£0.08
438-009 XRT+BAT yy A4
(Syl.5) (10*" em?)




Seyfert 2 NGC 6300

a=1716 59.47 6=-6249 13.9

X-ray properties of selected AGNs

po—_ Name Z Type Instrument Luminosity,
R (2-10 keV)
ergs/s
Energy range 0.5-250 keV Circinus galaxy 0.001 Sy2 XMM-Newton+INTEGRAL 1.21-104
kT [eV] 20, 200 NGC 1050 0.013 Sy2 XMM-Newton 2.15:1040
Ny[102cm?]  18.95 0.24 (0.5-2.0 keV)

Phot. Index 1.62 0.02

i NGC 2989 0.014 AGN Swift/XRT 4.65-10%°

1 E cut-off [keV] >130
R B R 1.00 0.42 .

NGC 3035 0.015 Syl1.8 Swift/XRT+BAT 3.30-104
EWof Fe Kline 124 90 eV

NGC 5347 0.008 Sy2 NuStar 2.49-104°

Seyfert 1.5 ESO 438-009

P NGC 6300 0.004 Sy2 XMM-Newé%% (Ijl;l;rEGRAL + 5.96-1041

et g IC 2227 0.032 Sy2 Swift/XRT 1.02:1043

. ESO 317-038 0.015 AGN Swift/XRT+BAT 1.13-1042

1 ek d B Tid ESO 438-009 0.024 Sy1.5 SWIft/ XRT+BAT 5.41-10%
P }f‘ﬂ’-ﬁ%ﬁ. Tt |{ Energy range 0.5-150 keV

I CGCG 179-005 0.021 BLAGN XMM-Newton+Chandra 2.13-1042
RENREIER T T kT[ev] 0.1 (fixed)
= 1 ’ | }‘ It || Phot.Index  1.89 0.08
ST T i Ecutoff 500 (fixed)

A ) } ey X-ray software and models
XMM-Newton: SAS v.14.0 Swift: HEAsoft

Seyfert 2 Circinus galaxy (WKK 3050) CI:’-S-; 6 CIAOTEE(IGFA*[L(::C:%%; 0.1
, andra: . ates a

Spectral modeling: Xspec 12.8.2q

a=1413 09.90 &=65 20 20.4

Unfokded Soactrum

We used spectral models as follows: neutral
absorption (phabs/zphabs,tbabs/ztbabs), ionized
absorpiton (zxipcf), power-law (powerlaw), powerlaw
with high energy exponential cutoff (cutoffpl), sum of

fErerdy CanIe 20200 Ky exponentially cut off power law and reflected
N, [102cm?]  47.43 0.81 spectrum from neutral material (pexrav/pexmon),
Phot. Index | 1.18 0.07 blackbody spectrum (zbbody), comptonized

blackbody model (compbb), and gaussian emission

E cut-off [keV] 88+39, . .
- = line profile (zgauss).

N = R 0.96 0.42
....... EW of Fe K line 2065 52 eV
And also emission K lines from ionized Fe 6.67 keV, 7.03 keV, and Ni 7.47 keV
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the-automatedmorphologicalclassificationof big galaxy
sam which is basedon the combinationof three methods visual classification for
training samples diagrams i ¢ o lindiges T concentration i n d ;emaochine learning
technique ﬁRandom forest). This approachwastestedandappliedfor the SDSSsamplesof
317,018 galaxiesat z<0.1 (DobrychevaVavilova Melnyk Elyiv, 2017, arXiv:1712089585.

We plottedthe diagramsof color indices(g-i) andluminosity, de Vaucouleurgadius,inverse
concentrationindex These parametersmay be used for galaxy classificationinto three
classesE - elliptical andlenticular, S - typesSaScd andL - typesSd-Sdmandirregulars
Theaccuracyis 98% for E, 88% for S, and57% for L types

The combinationsof fi(g-i) and RS'R900 and fi(g-i) and M 0 gavethe bestresult 143263
E type,112578Stype,61,177L type (DobrychevaMelnyk Vavilova Elyiv, 2015.

Machine learning technique (Random forest).

Training sampleof 5,000 galaxieswasclassifiedvisually into early E (E, SO, SOa) andlate L
$Sato Irr) types To definean acc_uraczof classifierswe appliedthe 5-folds validation and
oundthatthe RandomForestprovidesthe highestaccuracy

Applying the Random forest to the SDSSDR9 sampleof 60,561 galaxiesat z<0.1 we
obtaineahat47% E and53% L typesareamongthesegalaxies

To besurein this approachwe prepareca sampleof ~1,800000 galaxiesfrom SDSSDR14
atz<1.0 andprovidedtheirautomatednorphologicaklassification
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e automated classification we used the supervised learning
approach by the software with an open source
. and

We have compared performance of three different classifiers
Naive Bayes, Random Forest, and Support Vector Machine .

As main attributes of galaxies we took the absolute magnitudes:

M, M, M, M, M, color indices M7 M, M i M, “MX:.

inverse concentration index R50YR 90Ao the ecenter.| . ~."
° I,'J .“ i’ N -

To estimate accuracy

of different classifiers

we applied

k-folds validation technique.

Machine Learning



95 [T T ] We have done the following steps with our
e e T ] training sample (N = 6,749 galaxies) to
90 _,fpwffﬁ“r:f‘} analyze an accuracy of the methods
~ [ o -
g / Support Vector ] . It was divided into subsamples, which
3 851 Classifer ) contain such a number of galaxies:
=T

100, 500, 1000, 1500, 2000, 2500, 3000,
3500, 4000, 4500, 5000, 5500, 6000, 6740;

o
]
e
I

?5: . . | . Random re-sampling, with the same
0 10002000 3000 40005000 6000 7000 ~ NUMDErs of galaxies per subsample,
N we repeated 10 times for each of the

subsamples;

Random Forest provides the highest accuracy i
92.9% are correctly classified (96-9% f £ &htfl 84 dht F)eVE.goneo
The accuracy of another methods is from 87 % to 90 %.
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Using the dataon the absolutemagnitudescolor indices,R50/R90, andtraining by
Random Forest classifierto galaxieswith visual morphologicaltypes,we applied
the trained model to 60,561 galaxies (SDSS DR9, z < 0.1) with unknown
morphologicaltypes,andgottheir classification

47% E (N=25,180) and53% L (N=35,381).
See http://ledauniv-lyonl.fr/fG.cgi?n=histatistics&a=htab&z=d&sql=iref52204



61—-galaxies,which extracted from the SDSSDR9 with
urmknown morphological types at z<0.1, using Random Forest classifier and the data on
color indices, absolute magnitudes, inverse concentration index of galaxies with visual
morphological types. Finally, we found 25,180 Early and 35,381 Late types among

galaxiesin our sample.

The presence of i s p a (mEss-classification problems mostly with face-on & edge-on

Latetype, butitis Latetype, but it is
defined as Early, defined as Early,
z=0.032 z=0.058

L | Latetype, butitis - Grav. lens but it is
L’ z=0.029 | defined as Early, defined as Eary,
z=0.029 z=0.032

‘A.:uo.usnr e , ....
e 80296.10.73¢
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L-T & M-T relations for distant galaxy clusters
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Direct methods

In 1968, Maffei discovered two galaxies Maffei 1
and Maffei 2 in the avoidance zone using

observations in the IR-range (see, Maffei, 2003,
for review of own works)

Now the IRAS and 2MASS surveys are actively used
to solve these problems in the IR-range.

Observations of the neutral hydrogen (21-cm)in
frame of the DOGS project revealed the Dwingeloo
1 (Kraan-Korteweg et al., 1994) and Dwingeloo 2
(Burton et al., 1996) galaxies in this zone (see, for
example, on the estimates of their kinematic and
dynamic parameters, Huchtmeier et al ., 1995;
Buta et al., 1999; Karachentsey, 2005;).

All these discoveries were made by the so-called
direct methods.






I\/Iaffel 1 and Maffel 2

Morphology E3, Const: Cassiopea,

A KA 02M36™35.45 DEC.#59° 3 9179 8ize75,000Ly ((23,000 [
A Vr=66.4 = 5.0 km/s Distance 2.85 £ 0.36 Mpc ¢
A m=11.14 + 0.06 (V-band)

A Maffei 1 was discovered on a hyper-sensitized I-N photographic

plate exposed on 29 Sept 1967 with the Schmidt telescope at Asiago
Observatory (together with its companion - spiral galaxy Maffei 2).

A In 1970 H. Spinrad suggested that Maffei 1 is a nearby heavily
obscured giant elliptical galaxy and estimated distance to Maffeil as
1 Mpc (Local Group member????7?). Maffei 1 is located only 0.55
from the galactic plane in the middle of the ZOA and suffers from
about 4.7 magnitudes of extinction (a factor of about 1/70) in visible
light.

A In 1983 this estimate was revised up to 2.1 *13. ; Mpc by R. Buta
and M. McCall (Maffei 1 is outside the Local Group!!!!).



https://en.wikipedia.org/wiki/Maffei_1

Maffel 1 and Malffel 2

A In 2001, T. Davidge and S. van den Bergh used adaptive optics to |
observe the brightest AGB stars in Maffeil and concluded that
distance is 4.4*%%. , Mpc.

A The latest determination of the distance to Maffei 1, which is based
on the re-calibrated luminosity/velocity dispersion relation for E-
galaxies and the updated extinction, is 2.85 £+ 0.36 Mpc.

A The | ar Mpe)rdistdntes reported in the past 20 years would
imply that Maffei 1 has never been close enough to the Local Group
to significantly influence its dynamics.

A Maffei 1 is a principal member of a nearby group of galaxies. The group's
other members are the giant spiral galaxies IC342 and Maffei 2. Maffei 1
has also a small satellite spiral galaxy Dwingeloo 1 as well as a number of

dwarf satellites like MB1. The IC 342/Maffei Group is one of the closest
galaxy groups to the Milky Way



Milky Way In the IR-range
‘}[-10¢; +10e]

The near infrared, whole-sky homogeneous surveys such as 2MASS have resu
in a magnificent reduction of the ZOA



Zone of Avoidance
at radio wavelengths

A

Because of the transparency of the Galaxy to the 21 cm
radiation of neutral hydrogen, systematic HI -surveys are
particularly powerful in mapping largescale structure (LSS) in
this part of the sky.

The redshifted 21 cm emission of HI-rich galaxies are readily
detectable at lowest latitudes and highest extinction levels and
the signal will furthermore provide immediate redshift and
rotational velocity information.

The ParkesMultibeam HI ZOA Survey For these reasons, a
systematic deep blind HI survey of the southern Milky Way was
begun in 1997 with the Multibeam receiver at the 64 m Parkes
telescope.(surveys were centered on the southern Galactic
Plane (GP): 196B0 =z B 5 2b [B.THe coverage in redshift
space | B<VhtlD012700 km/s.



GALACTIC LATITUDE

1 l 1 1 1 1 l 1 1 1 1 l 1

360 300 240
GALACTIC LONGITUDE

Distribution in Galactic coordinates of the 1036 galaxies
detected in the deep HI ZOA survey. Open circles: Vhel <
3500; circled crosses: 3500 < Vhel < 6500; filled circles: Vhel
> 9500 km/s

(Kraan-Korteweg et al., 2003)



300°

Gal actic | ati t udeutts12000 lan/swfithe h035irbHI O
detected galaxies. Circles mark intervals of 3000 km/s.

Norma Supercluster which seems in this plot to stretch from 360 Bto 290B,
lying always just below the 6000 km/s circle, with a weakly visible

extension towards Vela (D 270B) at 6- 7000 km/s. Puppisf i | ament |
240B), the HydraAntliaf i | amentB)(z the2&@ry dense
300 1B),304o0Wed by an underdenseregion (52BD> [> 350B)

which is strongly influenced by the Local and Sagittarius Void (Kraan

Korteweg et al., 2003)



Dwingeloo 1 and Dwingeloo 2

he Sagittarius dwarf galaxy
rovides an important clue

e formation process of A The mqst famous DOGS.pr(.)ject. was to survey
; : ZOA-using the 21 cm emission line HI: there
odels of galaxy formation were detected many galaxies that could not be
suggest that large galaxies detected in the infrared (for examples,
are formed by a long Dwingeloo 1 and Dwingeloo 2 in 1994 and 1996
process of aggregation of respectively).

many smaller galaxies,
possibly with some merger
events being disruptive of
the normal disk structure of
spiral galaxies. Such a
process should still be
common today, yet it had
been observed previously ,
only in extremely rare cases. ﬁ
The Sagittarius dwarf AT
merger with the Milky Way
provides the
showing that such mergers
do happen, they happen
today, and they are not
destructive.

HeHTp [ayjakTMEM
- muck [amakTHEN §

D3 " . . ~
Sagiltarius dSph




Direct methods

+

i_The inhomogeneous distributed mass of matter in

the Milky Way Avoidance Zone surrounding the
Local Group may cause unbalanced gravity toward
the Local Group in one direction. The expected
velocity of the Local Group can be calculated by the
sum of gravitational forces from all known LG
galaxies (Karachentsev et al., 2013; Kashibadze et
al., 2018).

Despite the fact that the resulting vector lies within
20e of the observed cosm
calculations remain highly ambiguous, partly

because galaxies in the avoidance zone are not
taken I nto account (Erdo



i CMB measurements showed
known as dipole. It manifests itself in the heating
of 0.1% of CMB radiation in comparison with the
average in one direction and in the same cooling Iin
the opposite direction. These measurements have
been confirmed by the COBE (19891990) studies,
which indicate that the Milky Way and its neighbors
(the Local Group) are moving at a velocity of about
600 km/s towards the Hydra constellation.

A What is the reason for this movement, which
manifests itself in a slight deviation from the
homogeneous expansion of the Universe?

i Direct methods






