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LCDM-model faces the same overabundance problem, which it had with the number
of satellites in the LG: the theory predicts a factor of 10 more DM halos in voids as
compared with the observed number of dwarf galaxies.
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WHERE ARE THE MISSING GALACTIC SATELLITES?
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The LCDM model predicts that thousands of dwarf DM haloes
should exist in the Local Group while only ~50 are observed.

Klypin et al.,1999, Moore et al.,1999, Madau et al., 2008
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Currently favored scenario for explanation of the overabundance of the dark matter
subhaloes assumes that dwarf haloes above V _ ~ 30-50 km/s were forming stars

before they fall into the Milky Way or M31 and that smaller haloes never formed

any substantial amount of stars.

Bullock et al., 2000, Kravtsov et al., 2004



THE VOID PHENOMENON P. J. E. PEEBLES 2001, Apd, 557, 495

From continuity one might have thought the more likely
picture is that gravity has emptied the voids of mass as
well as galaxies. This does not happen in the CDM model,
however. Simulations show, between the concentrations of
large dark mass halos, clumps of mass that seem to be ca-
pable of developing into void objects observable as clumps
of stars or gas, contrary to what is observed.

The structure of voids Stefan Gottlober et al. 2003, MNRAS, 344, 715

that voids in the distribution of 10%2h~ 'M haloes [ﬂ:-:pr:r; ted galactic magnmitudes
~ M,) are almost the same as the voids in 1 101 A~ ]I".“[ haloes. Yet, much smaller

haloes with masses 10°h—1M., and circular velocities “L',:'".,: r 21] km/s readily fill the
voids: there should be almost 11]1]1] of these haloes in a 20h~'Mpe-diameter void. A
typical void of diameter 20k~ 1I".“[1;u: contains about 50 haloes with v > 50 km/s.
The haloes are arranged in a pattern, which looks like a miniature Universe: it has
the same structural elements as the large-scale structure of the galactic distribution of

THE VOID PHENOMENON EXPLAINED 2009, Apd, 691, 633

The void phenomenon consists of two observational facts:
that voids contain few, if any, low-luminosity galaxies, and
that the few void objects tend to have similar properties to the  JEREMY L. TINKER' &
overall galaxy population. The controversial aspect is whether
these facts are at odds with the current cosmology. Although
the depth of voids and homogeneity of void objects are strik-
ing features of the cosmic web, they are readily explainable
within the context of ACDM., combined with a straightfor-
ward model to connect galaxies and dark matter at all lumi-
nosities and mass scales.

CHARLIE CONROY?



How sman_can be a galaxy?

Below some mass the halos are expected to stop producing galaxies inside them.

stellar feedback (Dekel & Silk, 1986)

photoionization (Bullock et al., 2000)
may play a significant role in quenching starformation in too small halos.

(Loeb, 2008): V. below which halos have essentially no gas infall due to increase of Jeans mass
caused by UV background at the epoch of reionization:

V.. =34 (T, /1.5 -10*K)* km/s,

T 1S the temperature of intergalactic medium gas 1onized by stars.

(Hoeft et al., 2006): high-resolution hydrodynamic simulations, assuming that cosmological UV-
background photo-evaporates baryons out of halos of dwarf galaxies, and thereby limits their
cooling and starformation rate.

(Hoeft et al., 2006) give characteristic mass

M.=6-10°h'M_

below which haloes start to fail accreting gas.



We compare the spectrum of void sizes in the Local Volume galaxy sample
with the distribution of voids in high-resolution cosmological simulations.

v = JEMEET v = 20kmis — M, ~10°M,
TN V. =50km/s — M, ~10" M,

Theoretical predictions of the luminosity of a galaxy hosted by a halo with given mass,
circular velocity and merging history are quite uncertain and cannot be used for our analysis

Instead, we ask a more simple question:
What luminosity a halo or subhalo with given circular
velocity should have in order to reproduce the observed
spectrum of void sizes?

We assume that halos with larger circular velocities should host more
luminous galaxies.



Local Volume (LV) galaxy sample

Over the last decade, Hubble Space Telescope observations have provided
distances to many nearby galaxies which were measured with the tip of the red giant
branch (TRGB) stars. Special searches for new nearby dwarf galaxies have been
undertaken by Karachentsev et al. (1990s - 2009). Also, special cross-check has been
done with infrared and blind HI surveys (Karachentsev et al. 2007).

The distances were measured from TRGB stars, Cepheids, the Tully—Fisher
relation and some other secondary distance indicators. Since the distances of galaxies
in the LV are measured independent of redshifts, we know their true three-
dimensional spatial distribution and their radial velocities.

A substantial fraction of the distances have been measured with accuracies as
good as 8—10 percent (Karachentsev et al. 2004).

Within the LV, dwarf systems have been observed down to extremely
low luminosities. This gives us a unique chance to detect voids, which may be empty
of rather faint galaxies. Here, we used the updated Catalog of Neighboring
Galaxies (Karachentsev et al. 2004, private communication). We analysed a volume-
limited sample of galaxies with absolute magnitudes MB <-12 within 8-Mpc radius.

The overall completeness of the sample has been discussed in Tikhonov &
Klypin (2009).



B-band luminosity density
within the radius of 8 Mpc
around us exceeds 1.8 - 2.0
times the global luminosity
density.

About 2/3 of the LV galaxies
belong to the LV groups

Karachentsev et al., 2007

Parameter M. Way M31 M81 CenA MS3 1C342 Maffei

D, Mpe 0.01
Nv 18 18 2
aykm/s 76 7T 01
Ry, Mpc .16 25 21
Tcross,G}’r 3.3 2.3
My, 101 05 84 157
Lg, 10'" 6.8 6.1
M/L,solar 29 12 26

29
136
29
2.2
725
6.0
121

0.78 3.63 3.66 456 3.28 3.01
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Fig. 5—Panorama of the LV within a radius of 8 Mpc in Cartesian supergalactic coordinates. Galaxies from Table 1 with D > 8 Mpe are shown as small circ|
{a) SGX-8GY, galaxies projected onto the plane of the Local Supercluster; (b) SGX-8GZ, the distribution in Z (perpendicular to the plane of the Local Superclust



Supergalactic Z (millions of light-years)

Tully et al.

N _\}‘ PR Our motion with the respect to galaxies in
SNt 1 1 -] the Local Supercluster Tully et al. 2008, ApJ, 676, 184
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Void Finder

* 3D grid.

* Empty seed sphere of largest
possible radius R, 1s identified.

» Expansion of seed spheres by
spheres with radius R, > 0.9 R,
and with centers inside already

fixed part of a void.

» Next seed sphere is determined.
Process continues until R_; >R, .., .

* Voids have flexible but still regular
shapes and are thick enough
throughout their volumes.

* Voids are defined to be completely
inside sample boundaries.

Then we considered
Cumulative void
function AV/V(>Rvoid)

2D-case of point-like distribution. Seed circles and voids growing from
them are shown. The numerals indicate the order of identification of
voids



6 largest minivoids within the LV.

Y4 of the Local Volume is occupied by
Void in Aquila - front part of the Local
(Tully) Void

(Tikhonov & Karachentsev, 2006)

Eridanns

Aquila




Luminosity functions of LV galaxies

1) M, <-12 within 8Mpc 2) M, <-10 within 4Mpc.

2 volume limited samples in LV

¢

® LVM<-12 R<8Mpc
—e— LV M <-10 R<4Mpc
— 2dFGRS

-22 -20 -18 -16 -14 -12 -10

M

B
In order to to get overdensity cnteria for LV sam-

ple we mtegrated all 3 LF m the range Mp (-17 : -22).
We obtained following number overdensity ratios: m 8 Mpe
Ns/ <N >=142017 4 Mpe Ny/ < N >~ 5.3, where
< N > value is obtained from universal Schechter approxi-

mation of 2dFGRS LF,

o~ 1.2



Simulations

Simulation S 59 Sq
Box Size (A~ ' Mpc) a0 160 64

T 0.90 0.75 (.75
Mass of a high resolution particle (h=*M ) 101 = 108 318 = 108 1.6 = 107
Spatial Resolution (h—'kpc) (. 5: 1.2 1.6
MNumber of high resolution particles 1.6 = 107 10243 10243
Circular velocity of the smallest resolved halo (km /=) 0 27 15

Selection of model LV-candidates

(1) We put a sphere of radins 8 Mpe on a Local Group candidate.

(1i) Mo haloes with i,y = 2 x 10~ Mg are inside this sphere.

(iii) There are no haloes more massive than 5.0 x 10" Mg, ina
distance hetween 1 and 3 Mpe.

(iv) The centres of the spheres (the Local Group candidates ) are
localed at distances larger than 5 Mpe one from the other.

(v) The number density of haloes with ¥V, = 100km s~ inside
this sphere exceeds the mean value in the whole box by a [actor in
the range | 4—1.8,




RMS Peculiar Velocity — deviations from the HUBBLE FLOW - G,
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. . ) o Note that the spherical top-hat collapse model predicts
Figure 2. The rms radial velocity deviations from the Hubble that a sphere with overdensity 5.5 is at the turn-around ra-
flow o for galaxies in the Local Volume with distances from dius (Peebles 1980) and does not expand. If the model were

1 Mpc up to R (full red curve with open circles). The estimates applicable to the motion of galaxies in the Local Volume,
than we should have observed random motions comparable

are corrected for the apex motion and for distance errors. Black B o
. _ . .o . . . to the Hubble velocities for the 4 Mpe sample. In reality we
filled circles show theoretical predictions for 7 LV candidates in have rather cold Hubble flow in the Local Volume implying

the simulation Sq. that the top-hat model gives an extremely poor approxima-
tion of the dynamics of galaxies in the LV.



Void Function AV/V>R, )=V CRG ) Vg,
Local Volume
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Figure 4. the void function for two observational samples. The
full curve with open circles are for a complete volume limited
sample with Mp < —12 and R < 8Mpc. lo errors obtained
by Monte Carlo resampling distances from catalog by means of
additon gaussian distributed characteristic error of distance mea-
surements. The filled circles are for all observed galaxies inside
7.5 Mpc. Comparison of the samples shows reasonable stability of
the void function.
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Figure 3. Observational data (the complete sample, circles) are
compared with the distribution of voids in samples of halos with
different limits on halo circular velocity. VF for V. = 45km/s
provides a remarkably good fit to observations. Note that the
LCDM model predicts very large empty regions.



CLUES Box64CR o, =0.75
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Figure 5. Observational data (the complete sample Mg < —12)
are compared with the distribution of voids in 14 samples from
Box64CR of halos with different limits on halo circular velocity.
In this case VF for V. = 35km/s (shown with 1o seatter) provides

a better fit to observations.
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Figure 6. Observational data (the complete sample Mp < —12)
are compared with the distribution of voids in 7 samples from
Box160CR of halos with different limits on halo circular velocity.
CVE for V. = 35km/s (shown with 1o scatter) provides a re-
markably good fit to observations. Because of resolution here we
can not plot curves below observational VF



CLUES (S. Gottloeber, G. Yepes, Y.Hoffman, A. Klypin)
CR run WMAPS cosmology

7 Mpc/h resimulated sphere with 2048”3 resolution
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The disagreement with the LCDM theory is

: . staggoering.
Examples of LV galaxies with Vrot < 25km/s sserms
Table 4. Properties of isolated dwarf galaxies with Mg = —11.8 —13.2 The observed Spectrum of void sizes Strongly

——— _ disagrees from the theoretical void spectrum if

Name Mg axialratio Wso Vi Distance . . .
>

PmolsDc 0 os w0 s aa halos with Vc > 20 km/s host galaxies brighter
KKHs 1227 062 370 236 496 than MB =—12.
KKH& 1238 060 310 194 373
KK16 12,65 0.7 240 120 540
KKH13 1239 05T 340 0T 443 In the LCDM model with 68 = 0.9 there are
KKH34Mail3  -1230 056 240 145 4.6 ]
F4sose KK54  -13.07 053 33.8 100 4.00 320 haloes with V¢ > 45 km/s — the same
KKH46 11,03 0.86 250 245 57 . e
— 905 093 420 216 600 number as the number of galaxies in the Local
ﬁ?l—'ﬂ'lﬂl -l270 043 308 220 319 Volume with the MB = —12 limit. In the same
(K144 1250 033 440 233 6.30 :
B443-00 KK170  -12.08 0.7 0.0 219  5.78 volume in the LCDM model there are 3500
KK182.Cené  -1180 060 6.0 100 G578 -
DDO181,USES]  -12.97 057 42 237 2.0 haloes with V¢ > 20 km/s.

DDO183,URTE0 -15.13 0.32 30,0 15.8 3.1
HIPASS135147  -11. 60 388 2 | : :
e e o e e o If all these halos host galaxies brighter than MB
= —12, the theory predicts a factor of 10 more

haloes as compared with the observations.
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The emptiness of voids: yet another over-abundance
problem for the LCDM model.

Anton V. Tikhonov'* and Anatoly Klypin’t

! Unizersifetsky prospect, 88, Department of Mathematics and Machamcs, S Peterabury Siate Univeraiy,

Suint-Pelersburg, 19950, Russon Foderation

* Deportment of Astrenemy, New Wenn State Uminersity, Fas Craces, New Merien SSOL-8001, 1754
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Tully-Fisher relation

Avila-Reese et al.

[ i B I T T T T T T T T T T T
[ B 26 [ _4
N ] 24 - ]
i 1 E I ]
5 1 w22 .
- - O - -
u 4 — L 4
N ] 2 ]
- B % s=0.31 ] 18 B s=0.26 ]
-9 ome=0.50 1 B o omie=0.47 1

| 1 1 1 1 I 1 1 1 1 I 1 1 I_ 1_6 I 1 1 1 1 | 1 1 1 1 | 1 1 I_
9 10 11 9 10 11

Log L Log L,

Barionic Tully-Fisher relation

Ay (o)

10" 10® 10 1019 10!t

10%
I-f'j. (km s 1)

The physical basis of the Tully-Fisher relation is widely
presumed to be a relation between a galaxy’s total mass
and rotation velocity (e.g., Freeman 1999). Luminosity
15 a proxy, being proportional to stellar mass, which in
turn depends on the total mass. McGaugh et al. (2000)
found that a more fundamental relationship between the
haryonic mass and rotation velocity does indeed exist,
provided that both stellar and gas mass are considered

(Milerom & Braun 1998).

Bracy 5. MoCavucH



Klypin et al. 2010

|
An outstanding challenge for the ACDM model -
that we address here is to reproduce the observed -20
abundance of galaxies as a function of their over- i
all properties such as dynamical mass. luminosity, QE -
stellar mass, and morphology, both nearby and at 2 —18 =
higher redshifts. A successful cosmological model o -
should produce agreement with various observed | i
. . 2 —-16
ralaxy dynamical scaling laws such as the Faber- = i
Jackson (Faber & Jackson 1976) and Tully-Fisher Sa-Sd:
(Tully & Fisher 1977) relations. 14 * Springop et al. 2007 ]
m Pizagno et al. 2007
L, # (Geha et al. 2006 N
| ® S0s & Es -
—1= 0 L1 | 1]
40 60 80100 200 400 600

Luminosity-Vcirc relation

Viire (km s71)

Fig. 4. Comparnson of the observed Luminosity—Velocity relation with the predictions of the
ACDM model. The solid curve shows the median values of "!r-band luminosity vs. circular velocity
for the model galaxy sample assuming adiabatic compression. The dot-dashed curve shows predictions af-
ter adding the barvon mass without adiabatic contraction. The dashed curve show results for a steeper
(v = —1.34) slope of the LF. The circular velocity for each model galaxy is based on the peak circular
velocity of its host halo over its entire history, measured at a distance of 10 kpe from the center including
the cold baryonic mass and the standard correction due to adiabatic halo contraction. We also include the
most representative observational samples.



LCDM- Overabundance in terms of TF-relation
LV Spirals + Irregulars
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Local Supercluster Galaxy Sample

D). Makarov and 1. Karachentsev 2010
D <25Mpc MK <-17.5 (Vrot>50km/s)

+90°

0.7
0.6
—~ 0.5
For Veirc > 50km/s objects N
L0
=) 0.3 -
N of halos = 6104 =
N of galaxies = 2006 "
Factor of 3 LCDM excess 017
0.0
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Galaxies in 8Mpc MB<-12 (vl-sample)
Halos in 8Mpc wmap5 and wmap3

F —0—V_LCDM(8Mpc CR wmap3 halos)
[ —+—V_LCDM(8Mpe LVs wmap3 halos)
[ —a—V_ LWDM(8Mpc LVs wmap3 halos)

\ Velocity Functions

$ &)

@

LV8Mpc
LSC25Mpe

o V_from W50 (8Mpc real LV galaxies)

10 T 100
VC ,Vrot [km/s]




Dwarf galaxies from the Zone of Overabundance
Halpha velocity fields PI: A.Klypin.

A.Moiseev

6 meter Russian telescope



Observations: Scanning Fabry-Perot interferometer

SCORPIO multi-mode focal reducer with scanning FPI
(Afanasiev & Moiseev, 2005):

2D velocity fields of the ionized gas in
the Ha emission line

Field of view: 6 arcmin

Spatial sampling: 0.35-0.70 arcsec/px
Spectral resolution: 0.5 and 0.8 A
(0=9.5 and 14.5 km/s)

6-m telescope of the Special ‘ ‘““ ;
Astrophysical Observatory VY 9
Russian Academy of Sciences
(SAO RAS). :




DECLINATION {J2000)
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CGCG 269-049: an example of Vmax~10 km/s
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CHECLINA, TROM {200 0)

J.Chengalur and A.Begum

GMRT

dIrr Camelopardalis B; D=2.2Mpc;
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Ha image UGC 8508 (SDSS)
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Regular circular rotation
Major part of the sample (43/47-91%) has reqular velocity pattern that is

described by the model of circular rotation: Vmax>>Vres
Velocities Model Velocities-model

DO 610 B20 830 640 650 OG0 &10 BZO 830 840 65 —20 10 0 10 20

Ha image




(onclusion

The LCDM model faces the same overabundance problem, which it had with
the number of satellites in the LG: the theory predicts a much more halos as
compared with the observed number of dwartf galaxies.

Possible Solutions:

1. Hundreds of dSphs or another type of LSBs in the field to find out

2. Halo V_ ~ 2V, :dwarf galaxies are hosted by significantly
more massive halos.

3. Dwarfs formation was suppressed by e.g. UV- background after
reionization

4. LWDM-models (P(k) - truncation) m, ~ lkeV

And... others



Fig. 2. WF3 image of KKR 25 produced by combining the two
600 s exposures taken through the F606W and FS14W filters.

A globular cluster candidate 1s indicated by the arrow.

KKR25
dSph in the field
blueshifted!!
M, =-9.94
D =1.86 Mpc (TRGB)
Central SB, X, =24"/0”

Karachentsev et al.
2001 A&A, 379, 407



Malin 1 R-band radial profile
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Figure 1: Malin 1 with contours at 6380 data
counts to delineate the extent of the optical disk.

Optical radius 65 arcsec b
Inclination 45 + 159
HI diameter up to 3.3 arcmin

Figure 2: Top: The R-band radial profile shows that the optical disk (solid squares) is visible to a semi-
major axis of ~ 80 arcsec before reaching the background level. The upper scale shows arcsec. The lower
scale shows kpe based on the redshift give in Table 1 and assuming Ho = 75 km s~ Mpe ™', A fit to
the exponential part of the profile i1s shown as a solid line. The last two data points on the right are not
included in the fit as these are clearly beyond the point where the galaxy light can be distinguished from
sky and adjacent objects. The fit is extrapolated to the left to show central surface brightness of 24.74 R
mag arcsec 2. See text for explanation of the calculation of the error bars on the exponential part of the

160
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R [kpc]

NFW circular velocity profiles for DM halos with masses
between 5e8/h and 2e10/h Msun. Red stars: observed

Vrot versus HI radii taken from the FIGGS LV galaxy sample
(Chengalur et al.)
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It is clear that the more massive halo
can not fit the data.
We cannot place the galaxy
into a large halo
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Filled diamonds: haloes with Ve < 35 km/satz = 0 inside minivoids;
Open diamonds: haloes with Ve < 35 km/s outside minivoids;
Triangles: halos with Ve> 35 km/ s.

Error bars are 16 deviations



The sizes of minivoids 1n the local Universe: an argument in favour of a

warm dark matter model?
A. V. Tikhonov, S. Gottloeber, G. Yepes, Y. Hoffman

WDM-paradigm with m,=1keV
Box 64h'Mpc, h=0.72 WDM and CDM WMAP3

Initial conditions

Resulting haloes

s f ——CDM
=-=--WDM lkeV
- = = WDM 3keV

Arman Khalatyan
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Figure 2. Cumulative FOF halo mass functions with more than
20 particles for the ACDM (dashed line) and AWDM (solid
line) models. From left to right the mass functions are shown
at redshifts = = 8, 6, 5, and 0. The dotted line marks My, =

3 x 10°h—Mg.
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Void-functions
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