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Real	  &me	  cosmological	  experiments	  	  

Idea	  measure	  the	  change	  of	  observables	  within	  10	  or	  30	  years	  	  

•  angle	  	  	  	  	  	  	  	  –	  	  cosmological	  parallax	  	  less	  than	  μas	  /	  years	  	  

•  an	  



Liske	  2008	  MNRAS	  

	  	  	  A.	  Loeb	  1998	  	  	  	  	  	  	  

CODEX	  like	  experiment	  

HIRES	  –	  EELT	  

Observa&onal	  evidence	  from	  supernovae	  for	  an	  accelera&ng	  universe	  	  
and	  a	  cosmological	  constant	  	  [Riess,	  et	  al.,	  	  1998,	  AJ	  116]	  

Measurement	  of	  Ω	  and	  λ	  from	  42	  high-‐redshic	  supernovae	  
[Perlmuder	  et	  al.,	  1999,	  ApJ	  517]	  
	  



Key	  figure	  in	  the	  frequency	  regime	  (10	  yrs)	  
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cosmological	  redshic	  

z =
νrestframe − νobs

νobs



finding	  the	  right	  tracer	  

Klöckner	  et	  al.	  2010;	  astro-‐ph:	  1002.0502	  Obreschkow	  et	  al.	  2009;	  ApJ,	  703,1890	  

Oosterloo	  pr.comm.	  



EPOCH	  1	   EPOCH	  2	  

The	  basics	  -‐	  measure	  accelera&on	  

SKA	  baseline	  design	  3.9	  kHz	  à	  0.01	  Hz	  	  

DRAFT DRAFT DRAFT – Real time cosmology Hans-Rainer Klöckner

The redshift drift can be described by ż = H(z)− (1+ z)H0 using

H(z) = H0[Ωm × (1+ z)3 +Ωλ +Ωk(1+ z)2]
1
2 , (2.1)

were Ωk = 1− (Ωm +Ωλ ). Note that the first equation has been defined such that in the velocity
frame v̇ > 0 for acceleration and v̇ < 0 deceleration. The expected frequency shift in 12 years of
observing is shown in figure 1 displaying various cosmological models with Ωm = 0.27 and varying
Ωλ (including the favored values for Ωλ from WMAP and Planck). Depending on the contribution
of Ωλ acceleration is expected up to redshifts of 3 (positive frequency shift), after that the expan-
sion of the Cosmos will slow down (decelerate, negative frequency shift). Only in the case of the
existence of dark energy will the frequency shift show a pronounced functional dependency with a
maximum between z = 0 and 0.6. This redshift range is ideal for the SKA to measure the velocity
shift, because the anticipated sensitivity limits of the SKA allows observations of the HI signal (in
emission) from Milky Way-like systems up to a redshift of 1.

The key requirements to evaluate the feasibility of this experiment are based on the sensitivity esti-
mates and the number counts of the HI galaxies up to cosmological redshifts. The expected number
counts and the properties of HI galaxies are based on the SAX-SKA sky simulation (Obreschkow
et al. 2009) and the sensitivity estimates can be determined as follows.

SEFD =
2kTsys

Aeff
(2.2)

where Tsys is the system temperature [K], k is the Boltzmann constant, Aeff is the effective collect-
ing area [m2]. The image sensitivity can be calculated via:

∆I =
SEFD

ηs

√
t∆ν

, (2.3)

with ηs = 0.9 is the system efficiency, t integration time [s], and ∆ν is the channel width or band-
width [Hz].

Based on the equations we can now investigate if it would be possible for the SKA to detect the
global signal of the redshift drift or even trace the function of the frequency shift shown in figure 1.
The specifics for the individual phases of the SKA will be discuss in the following section. How-
ever to illustrate that the SKA is capable to do these kind of detection a generic observational setup
is assumed with the following system parameters: SKA2 (Aeff / Tsys = 13.000 m2 K−1), channel
resolution of 0.01 Hz, 1 hour integration per pointing, 20 sq. degrees field of view, survey coverage
of 30.000 sq. degrees. This setup will result in a sensitivity of about 45 µJy for the system channel
width of 3.9 kHz and of 28 mJy for a channel width of 0.01 Hz, which is required to measure the
redshift drift. Based on this sensitivity limit of 45 µJy the expected number count of HI galaxies
between the redshift range z = 0.2-1 is of the order of 107 sources. If one would stack the high-
frequency resolution spectrum of all of these galaxies the noise of the resulting averaged spectrum
would drop to 2.8 µJy, allowing the detection of the redshift drift with a significance of ∼15. This
general setup illustrated that the SKA would be capable to measure the global signal of the redshift
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STACKING	  
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difference	  spectra	  
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back	  to	  the	  roots	  re-‐visi&ng	  Sandage	  idea	  in	  the	  radio	  regime	  

∆I(ν) ∼ 1√
N

expected	  	  change	  0.1	  Hz	  

simula&on	  are	  currently	  on	  its	  way	  	  



Measuring	  accelera&on	  with	  the	  SKA	  	  

Klöckner	  et	  al.	  2015;	  astro-‐ph:	  1501.03822	  

(∆ν	  =	  0.001,	  0.002,	  0.005,	  0.01	  Hz)	  

need	  to	  detect	  Δν	  =	  0.1	  Hz	  	  
KEY	  is	  number	  density	  and	  channel	  resolu&on	  



Measuring	  accelera&on	  with	  the	  SKA	  	  

Klöckner	  et	  al.	  2015;	  astro-‐ph:	  1501.03822	  

(∆ν	  =	  0.001,	  0.002,	  0.005,	  0.01	  Hz)	  

need	  to	  detect	  Δν	  =	  0.1	  Hz	  	  
KEY	  is	  number	  density	  and	  channel	  resolu&on	  

~	  1550	  poin7ng	  



SAX	  simula&on	  -‐	  Obreschkow	  et	  al.	  2009	  

The	  small	  print	  –	  handling	  	  the	  systema&cs	  
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Real	  &me	  cosmology	  -‐	  summary	  	  
•  Cosmic	  accelera&on,	  a	  test	  of	  dark	  energy,	  will	  change	  the	  redshic	  of	  

individual	   galaxies	   within	   10	   years	   by	   dz/dt	   ~	   10-‐10.	   Stacking	   the	  
residual	   or	   cross-‐correlated	   spectra	   of	   107-‐9	   individual	   galaxies	   can	  
measure	  this	  offset	  of	  ~0.1	  Hz.	  

•  This	   real	  &me	   cosmology	  experiment	  does	   require	   some	   changes	   to	  
the	   baseline	   design	   (e.g.	   channel	   resolu&on	   of	   ~0.001	  Hz)	   	   and	  will	  
challenge	   the	  overall	   system	   stability.	  Need	  at	   least	   108	   channels	   to	  
cover	  HI	  line	  width	  (fan-‐out	  mode	  of	  sub-‐bands).	  

	  

epoch	  1	  

epoch	  2	  

residual	  



•  The	   SKA	   provides	   us	   with	   a	   model	   independent	   measure	   of	   the	  
dynamics	  of	  the	  cosmic	  expansion	  within	  10	  years.	  	  	  

•  The	   SKA	  will	   be	   the	  only	   observatory	  probing	   the	   cosmic	   accelera&on	  
and	  its	  dependency	  on	  redshic	  by	  facilita&ng	  a	  3	  π	  HI	  galaxy	  survey.	  	  

cosmic	  models	  e.g.	  2	  epoch	  30	  yrs	  [Balbi	  &	  Quercellini	  2007	  MNRAS	  382]	  	  

SKA	   E-‐ELT	  

Real	  &me	  cosmology	  -‐	  summary	  	  

•  The	  SKA	  will	  break	  degeneracy	  with	  other	  probes	  allowing	  to	  check	  



Real	  &me	  cosmology	  -‐	  summary	  	  

•  SKA	  life&me	  will	  be	  50	  year,	  e.g.	  redshic	  drics	  and	  its	  evolu&on	  in	  &me,	  
alone	   and	   in	   combina&on	   with	   other	   experiments	   enables	   us	   to	  
constrain	  cosmological	  models.	  

omega_m	  =	  0.3	  	  
EOS	  =	  -‐1.1,-‐1.0,-‐0.9	  omega_m	  =	  0.4,	  0.3,	  0.2	  

	  flat,	  LCDM	  

cosmic	  jerk	  –	  term	  versus	  redshic	  cosmic	  jerk	  –	  term	  versus	  redshic	  

impact	  on	  the	  equa7on	  of	  state	  

test	  for	  modified	  cosmological	  


