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Is ΛCDM a predictive theory for galaxy formation?

The Hot Big Bang: Set out, 1920’s,  confirmed 1960’s

Nonbaryonic DM: Introduced, 1975 – 85,  confirmed 1993 –  

Λ: Introduced 1917, resurfaced 1970’s, 80’s,  confirmed 1997 – 

Inflationary fluctuations: Introduced ~1980, confirmed 2003 – 

All critical elements of the ΛCDM model were in place before any 
of the last three was experimentally confirmed

The first simulation of ΛCDM structure formation dates from 1985



  

Neutrinos fail, but Cold Dark Matter, is possible

CfAν1

ν2 ν3

CDM1
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White, Frenk & Davis 1983Davis, Efstathiou, Frenk & White 1985



  

Open  CDM universes with
         Ω = 0.2

Davis, Efstathiou, Frenk & White 1985 CfA



  

Open  CDM universes with
         Ω = 0.2 
but a ΛCDM simulation
with the same Ω was 
indistinguishable

Davis, Efstathiou, Frenk & White 1985 CfA



  

The current CMB evidence for ΛCDM

Planck Collaboration 2018

● No local/low-redshift data are used                     
   
      Measurements of all 6 ΛCDM parameters 
      Cosmic properties, not fitting parameters

● Low-z data needed to specify nature of the DM 
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● No local/low-redshift data are used                     
   
      Measurements of all 6 ΛCDM parameters 
      Cosmic properties, not fitting parameters

● Low-z data needed to specify nature of the DM 

The ΛCDM is an a priori model which is fully specified 
by the observed CMB temperature and fluctuations

All the structural properties of the nonlinear low-z 
universe are thus zero-parameter predictions

...but these predictions can be very hard to calculate!

T = 2.7255 ± 0.0005



  



  



  



  



  



  



  

Semi-analytic  and Subhalo Abundance Matching models assume this 
and tune a physically based (SAM) or purely statistical (SHAM) relation 
between galaxy properties and subhalo history to fit observation.
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Summary points?

 
● ΛCDM is an a priori theoretical model with parameters fully 

specified by CMB measurements

● Of its basic tenets, only the cold nature of the Dark Matter requires 
data from the low-redshift Universe for justification/validation

● In principle, ΛCDM thus predicts all properties of the nonlinear, late-
time universe (e.g. all galaxy properties) with no further freedom

● In practice, it can be very hard to calculate these predictions reliably. 

● Different (uncertain) treatments of astrophysical processes can lead to 
very different galaxy properties within the same ΛCDM framework 
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● In practice, it can be very hard to calculate these predictions reliably. 

● Different (uncertain) treatments of astrophysical processes can lead to 
very different galaxy properties within the same ΛCDM framework 

It seems very unlikely that the detailed structural properties 
of galaxies can be used reliably to infer failings of ΛCDM 



  

Summary points?

 
● ΛCDM is an a priori theoretical model with parameters fully 

specified by CMB measurements

● Of its basic tenets, only the cold nature of the Dark Matter requires 
data from the low-redshift Universe for justification/validation

● In principle, ΛCDM thus predicts all properties of the nonlinear, late-
time universe (e.g. all galaxy properties) with no further freedom

● In practice, it can be very hard to calculate these predictions reliably. 

● Different (uncertain) treatments of astrophysical processes can lead to 
very different galaxy properties within the same ΛCDM framework 

Complex simulations of                          Limited observations of
limited realism/fidelity                            a more complex reality knowledge?
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