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The  Standard  Modell  of  Cosmology  (SMoC) :
1. Einstein  is  valid
2. All  matter  created  at  Big Bang 
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The  SMoC  leads  to  the  wrong 
                              arrangement  of  matter
                                  on  virtually  all  accessible  scales

Pavel  Kroupa:  University  of  Bonn
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Lacey & Cole (1993)

Structures  form  according  to  the  cosmological  merger  tree

the   
beginning
Big  Bang

today

DM  sub-
structures

form  first  and  
coalesce  to  

larger  
structures
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� 250 kpc
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a  frightening
symmetry !

(Kroupa  et al. 2005;  Pawlowski,  Pflamm-Altenburg  &  Kroupa  2012,  Ibata  et al.  2013
Pawlowski,  Kroupa  &  Jerjen  2013;  Pawlowski  et al. 2015;  Pawlowski 2016)

9Dienstag, 27. September 16



10

The Local Sheet is the concentration along the centre plane, and the Local Void is the region on the upper 
left in the left-hand projection. The ten most luminous galaxies (including M31 and the Milky Way at D 
< 1 Mpc) are indicated by the open circles. The orthogonal projections are plotted in supergalactic 
coordinates. Black filled circles: 337 galaxies largely discovered on photographic plates and with well-
measured distances. Red triangles: 172 galaxies added by the Sloan Digital Sky Survey (SDSS), with 
redshift errors of less than 50 km s−1. Blue squares: 53 galaxies discovered by the H i Parkes All Sky 
Survey (HIPASS) from 21-cm emission by atomic hydrogen. SDSS and HIPASS have less secure redshift 
distances and cover only the parts of the sky roughly indicated by the red and blue curves, respectively. 
There are many more dwarf galaxies to be discovered at this distance.

Peebles & 
Nusser 

2010, Nature

Pavel  Kroupa:  University  of  Bonn
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Peebles & Nusser  2010, Nature :

Local void  is  too  empty  =>  "We  conclude  that  there  is  a  good  case for  
inconsistency  between  the  theory  and  our  observations  of  galaxies in  the  
Local  Void."
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Peebles & Nusser  2010, Nature :

Local void  is  too  empty  =>  "We  conclude  that  there  is  a  good  case for  
inconsistency  between  the  theory  and  our  observations  of  galaxies in  the  
Local  Void."

"Among the ten most luminous galaxies in Fig. 1, the spirals M51, M101 and NGC 
6946 are respectively 2.4, 2.8 and 4.0  Mpc above the centre plane of the Local Sheet. 
They are in an uncrowded region: of the 562 known galaxies with 1  <  D  <  8  Mpc, only 
5.0% are more than 2  Mpc above the Local Sheet (whereas 73% of the known galaxies 
are within 2  Mpc of the plane and the rest are below the plane). However, 30% of the 
largest galaxies are more than 2  Mpc above the Local Sheet. If galaxy luminosities were 
randomly assigned, this situation would have a 1% probability, but the probability is 
less than this in the standard picture of the cosmic web, in which more-luminous 
galaxies avoid less dense regions. These three could not be dwarfs masquerading as 
large galaxies; their circular velocities indicate the central masses of large galaxies. 
That is, the presence of these three large galaxies in the uncrowded region above the 
Local Sheet is real, and at well below 1% probability it is an unlikely consequence of 
standard ideas."

Large / massive  galaxies  too  far  from  sheet :

Pavel  Kroupa:  University  of  Bonn
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Kroupa  2015

Pavel  Kroupa:    University  of  Bonn

Measured  matter  density  as  a  function  of  distance
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. . . wherever  we  look  
with  the  best  data  we  have,  

the  distribution  of  matter  turns  out  to  be  
inconsistent  with  the  SMoC.
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. . . wherever  we  look  
with  the  best  data  we  have,  

the  distribution  of  matter  turns  out  to  be  
inconsistent  with  the  SMoC.

. . . there  is  more   structure   with  
more  regularities . . .
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As  an  aside:   
evidence  for  anisotropic  cosmic  expansion

(a  possible  violation  of  the  cosmological  principle)
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Subdivide  SN1a  sky  

into  equally-sized  
regions  and  fit  LCDM  

models  to  each  
individually 

14Dienstag, 27. September 16



14 Pavel  Kroupa:  University  of  Bonn

As  an  aside:   
evidence  for  anisotropic  cosmic  expansion

(a  possible  violation  of  the  cosmological  principle)
Subdivide  SN1a  sky  

into  equally-sized  
regions  and  fit  LCDM  

models  to  each  
individually 

Alignment  with  CMB  
anomalies !!

Javanmardi  et  al.  (2015,  ApJ)

14Dienstag, 27. September 16



Pavel  Kroupa:    University  of  Bonn15

A  direct  test  for  the  
existence  of  dark  matter  

particles :
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Dynamical  
Friction
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Visualisation
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This   implies . . . 
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Dynamical  friction :   galaxy  mergers  -  must  be  common
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Barnes (1998) in 
"Dynamics of Galaxy 
Interactions"  :  

"Interacting  galaxies  are  
well-understood  in  terms  
of  the  effects  of  gravity  
on  stars  and  dark  
matter."
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Barnes (1998) in 
"Dynamics of Galaxy 
Interactions"  :  

"Interacting  galaxies  are  
well-understood  in  terms  
of  the  effects  of  gravity  
on  stars  and  dark  
matter."

Dynamical  friction :   galaxy  mergers  -  must  be  common

Privon,  Barnes  et 
al.  2013

NGC5257/8

The  Mice

AntennaeNGC2623

Galaxy  encounters  with  mass  ratio = 1 : mergers  within  0.5-3 Gyr
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The  SMoC  leads  to  
                    completely  wrong  
                              properties  of  galaxies :

Pavel  Kroupa:  University  of  Bonn

19Dienstag, 27. September 16



19

The  SMoC  leads  to  
                    completely  wrong  
                              properties  of  galaxies :

Pavel  Kroupa:  University  of  Bonn

No  increase  in  the  number  ratio  of  E  galaxies  to  other  galaxies 
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No  increase  in  
number  ratio

of  E  to  other  
galaxies
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Delgado-Serrano et al. (2010)
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6 Gyr  ago

Galaxy mass in baryons 
> 1.5x1010 Msun

Pavel  Kroupa:    University  of  Bonn

Ratio  of  E  to  other  galaxies   unchanging ?
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Ratio  of  massive  to  less-massive  galaxies  does  not  evolve,  
                                                    in  conflict  with  LCDM  (SMoC)  expectations
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Conselice  2012

Pavel  Kroupa:    University  of  Bonn23

Ratio  of  massive  to  less-massive  galaxies  does  not  evolve,  
                                                    in  conflict  with  LCDM  (SMoC)  expectations

observations

SMoC  (model)

No  evidence  for  growth  of  galaxies  through  mergers.
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Therefore . . . 
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Therefore . . . 

The  present-day  motions  and  distances  of  MW  satellites  
preclude  them  to  have  fallen-in  from  a  filament  if  they 
have  dark-matter  halos.  
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Therefore . . . 

The  present-day  motions  and  distances  of  MW  satellites  
preclude  them  to  have  fallen-in  from  a  filament  if  they 
have  dark-matter  halos.  

 inconsistency  with  dark-matter  
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Other  Consequences

30

The  M81  group  of  galaxies

-  an  analogue  to  the  Local  Group  at  3.6  Mpc  
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Dynamical  friction?? :   the M81  group  of  galaxies

31

by  
Chynoweth,  
Langston,  

Yun,  
Lockman,  

Scoles 

M82

M81

NGC 3077

31Dienstag, 27. September 16



Pavel  Kroupa:    University  of  Bonn32

Dynamical  friction?? :   the M81  group  of  galaxies

32Dienstag, 27. September 16



Pavel  Kroupa:    University  of  Bonn

Last  publications 
(conference  

proceedings  only) :

32

Dynamical  friction?? :   the M81  group  of  galaxies

32Dienstag, 27. September 16



Pavel  Kroupa:    University  of  Bonn

Last  publications 
(conference  

proceedings  only) :

Yun  1999  
=>  no  solutions with  
dark matter :  system  

merges
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Last  publications 
(conference  

proceedings  only) :

Yun  1999  
=>  no  solutions with  
dark matter :  system  

merges

Thomson, Laine & 
Turnbull  1999  

=>  no  solutions with  
dark matter :  system  

merges

32

Dynamical  friction?? :   the M81  group  of  galaxies
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AND,  there  are  many  other  similar  groups. 
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AND,  there  are  many  other  similar  groups. 

The  Hickson  compact  groups  are  are  particularly  troubling  for  LCDM,  
because  they  all  must  have  assembled  during  the  past 1-3 Gyr  with  all  

members  magically  coming  together  for  about  one  synchronised  
perigalactic  passage,  while  the  remnants  (field  E   galaxies  with   low  

alpha  element  abundances  from  previously  such  formed  groups)   do  not  
appear  to  exist  in  sufficient  numbers. 

silkscape.com
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"The velocities measured for galaxies in compact groups are 
quite low (~200 km/s), making these environments highly 
conducive to interactions and mergers between galaxies. 

However, this makes the formation of compact groups something 
of a mystery, as the close proximity of the galaxies means that 
they should merge into a single galaxy in a short time, leaving 
only a fossil group. 

This would mean that compact groups are a shorted-lived phase 
of group evolution, and we would expect them to be extremely 
rare. 

Instead, we find a significant number of compact groups in the 
nearby Universe, with well over 100 identified."

Pavel  Kroupa:    University  of  Bonn35

citing  from  COSMOS - The SAO Encyclopedia of Astronomy
on  Hickson Compact  groups:
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"The velocities measured for galaxies in compact groups are 
quite low (~200 km/s), making these environments highly 
conducive to interactions and mergers between galaxies. 

However, this makes the formation of compact groups something 
of a mystery, as the close proximity of the galaxies means that 
they should merge into a single galaxy in a short time, leaving 
only a fossil group. 

This would mean that compact groups are a shorted-lived phase 
of group evolution, and we would expect them to be extremely 
rare. 

Instead, we find a significant number of compact groups in the 
nearby Universe, with well over 100 identified."

citing  from  COSMOS - The SAO Encyclopedia of Astronomy
on  Hickson Compact  groups:

Sohn, Hwang, Geller  et al.  (2015, JKAS)
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. . .  thus,

the  observational  data  
disfavour   the  existence  

of   dark  matter 

39

(SMoC  leads  to  wrong  structures  
and  lack  of  dynamical  friction  

disfavors   dark  matter  particles)
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A  historical  

perspective

which  may  give  a  
clue . . . 

40
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Remember  that  Einstein  constructed  his  GR  to  
accommodate  

Newton's  empirical  law  of  universal  gravitation 
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Remember  that  Einstein  constructed  his  GR  to  
accommodate  

Newton's  empirical  law  of  universal  gravitation 

based  on  observational  data  limited  entirely  to  the  
Solar  System  on  a  scale  of  Mercury  to  Neptune.

i.e.

over  a  spatial  scale 

and  an  acceleration  (space-curvature)  scale

6⇥ 10�6 m/s2 < gN < 4⇥ 10�2 m/s2

s < 30AU = 10�3.8 pc
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and  an  acceleration  (space-curvature)  scale
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s < 30AU = 10�3.8 pc

Galaxies  had  not  yet  been  discovered   and  they  
correspond  to  scales

gN < 10�9 m/s2
s > 103 pc
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Consider  space-time  scale  invariance :
(Milgrom  2009;  Kroupa,  Pawlowski  &  Milgrom  2012;  Kroupa 2015)
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(+PK)
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