DDays : 01/07/2015

COSMIC HOMOGENEITY :
A 28 GPC? STUDY WITH THE BOSS
Q50O SAMPLE



0 Homogeneity and cosmological principle

o The BOSS survey

0 Defining observables and their estimators

o Is the Universe homogeneous ¢



- The context

The need for a cosmological principle



The cosmological principle

-]
o Cosmological models rely on 2 assumptions :
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The cosmological principle

T
n Cosmological models rely on 2 assumptions :

General Relo’rivi’ry Cosmologit:al Principle

Universe is isofropic
and homogeneous
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How can we test it ?

o Isotropy well tested .
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o Isotropy well tested :

o Copernican principle : we do not occupy d
peculiar place in the universe.

o Isofropy + Copernican principle > Homogeneity ...



How can we test it ?

o Isotropy well tested :

o Copernican principle : we do not occupy d
peculiar place in the universe.

o Isofropy + Copernican principle > Homogeneity ...

o ... but not frue fractal universe, and CP is a
principle - need a direct test for homogeneity |

0 Need 3D-survey with huge volume to have access
to scales of interest (> 100 Mpc/h) !



oo

SDSS and the BOSS QSO sample



The Baryon Oscillation Sky Survey

0 Spectiroscopic survey at the 2.5-meter Sloan
telescope (APO, New Mexico)




The Baryon Oscillation Sky Survey

0 Spectroscopic survey at the 2.5-meter Sloan
telescope (APO, New Mexico)

o Roughly 150,000 QSOs (2> 2.2)




The procedure
I I ——
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The procedure
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,_Photometry from SDSS-II

QSO selection SDSS J112253.51+005329.8

_ SDSSp J120441.73-002149.6
N ) SDSSp J130348.94+002010.4
' SDSSp J141205.78-010152.6
SDSSp J141315.36+000032.1

79000 1000 fibers
per plate

~ Redshifts |

optical fibers
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spectrograph




- The analysis

Observables and estimators



What observables ?

0 N(< r) : counts-in-sphere, average number of QSOs
in a sphere of radius r around a given QSO



What observables ?

0 N(< r) :counts-in-sphere, average number of QSOs
in a sphere of radius r around a given QSO

dln N(< r)
dlnr

0 Do(r) . fractal correlation dimension



What observables ?

0 N(< r) :counts-in-sphere, average number of QSOs
in a sphere of radius r around a given QSO

dln N(< r)
dlnr

0 Do(r) . fractal correlation dimension

o When homogeneity is reached .

N(<r) o< rs Dsy(r) =3
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What observables ?

0 We generate a random distribution to account for
geometrical defects
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What observables ?

o We generate a random distribution to account for
geometrical defects

N, <
CN(<r) » N(<r) = QjO( (<"°)T)

dInN(< )

7 Da(r) dinr

+3

0 When homogeneity is reached :

N(<r)=1 Ds(r) = 3




1) Establishing homogeneity

- J, DD(s)ds
Ni<m) =7 [T RR(s)ds

0 Uncerfainty on (,0> - uncertainty on A

0 When homogeneity is reached :

N(< r) = cste Ds(r) =3




2) More quantitative test
I I ——

o Optimal estimator (‘Landy-Szalay’-like),
but needs a well-defined mean density.

o Less variance than the previous estimator
107 |

o DD/RR/ OLS

100
107 107 10°
r[h~!.Mpc]




T

s the Universe homogeneous ¢
Consistency test with A CDM
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Homogeneity of matter distribution

and comparison to /A CDM
-

0 Check agreement with A CDM, with
parameter from PLANCK 2015

DNQ50(< 7“) — 1 = bz(NDM(< T) — 1)

o Quantity homogeneity for dark matter
distribution



1.10

1.08

1.02

1.00

L [
r[h~t.Mpc]

3.02p
3.00
2.98
EN 2.96
2.94
2.92

2.90

Comparison with A CDM




loxl0™t , I 10-*
0.5F
0.8}
[ J
0.0 s e 1 -------
/
0.6} = l I
— s / """"""""""""""""""""
| [ ] ™ —05 ‘/
Py |
L 0.4_ N
Vi &
E/ ° Q _].0 B $ ®
0.2F .
K ! * —1.5F
0.0 —2.0F
0.2 - ———5 -2.5 - - —
r[h~!.Mpd] r[h~!.Mpd]

Quantitative limit on homogeneity




Conclusion

I
o Universe is homogeneous : p = cste



But are we really testing homogeneity ?

o Universeis-homogeneous—p—-€ste-

0 Redshift of random distribution taken from
data - cannot exclude p = p(r)

0 Safer conclusions :

Universe staftistically isofropic in each redshift

layer
Universe is non-fractal

Ds(r) —3 = (—1.8-

-1.9) x 107°(10)
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Statistical uncertainties
1

o Correlation matrices are obtained from bootstrap
resampling : N (r)

15t estimator (independent
on homogeneity) )
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2nd estimator (less
variance and correlation)




Systematic etfects

.
o Different sources of systematic effects:

1) Errors on the QSO position
= Error on angular position and redshift negligible

2) Innomogeneity from target selection (TS)

m Dependence of TS with angular position - cufts
and correction applied to mitigate systematic
effects



Correction for TS inhomogeneity

o How to mitigate variation in TS angular
completeness

o 1) Restrain the analysis to homogeneous
target selection : removal of the 15t year.



{ [ | Full QSO sample

s. & (s) after first year removal




Correction for TS inhomogeneity
—

o How to mitigate variation in TS angular
completeness

1) Restrain the analysis to homogeneous
target selection : removal of the 15t year.

2) Apply an apparent magnitude cut on
data, because fainter QSOs are more likely to
be iInhomogeneously selected.
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Correction for TS inhomogeneity

o How to mitigate variation in TS angular
completeness

1) Restrain the analysis to homogeneous
target selection : removal of the 15t year.

2) Apply an apparent magnitude cut on
data, because fainter QSOs are more likely to
be iInhomogeneously selected.

3) Depth of photometric survey used for TS is
angular dependent 2 we apply a weight to
each QSOs to correct for this effect.
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¢ ¢ QSO sample with 21.3 relative magnitude cut and weighting
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s. & (s) after apparent magnitude cut and weighting




