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FIG. 5: This figure illustrates the contrast between the gaus-
sian and non-gaussian halo/galaxy bias. The two plots show
cartoon versions of linear density vs. spatial position. The
white shaded areas indicate collapse regions. For gaussian
initial conditions, different Fourier modes are uncorrelated,
and so long wavelength modes (thin black curve) only change
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white curves), which in turn changes the number of density
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small scale modes, which causes an additional modulation of
collapsed halo density.
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Galaxy And Mass Assembly (GAMA): improved cosmic

growth measurements using multiple tracers of large-scale
structure
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ABSTRACT

We present the first application of a ‘multiple-tracer’ redshift-space distortion (RSD)
analysis to an observational galaxy sample, using data from the Galaxy and Mass
Assembly survey (GAMA). Our dataset is an r < 19.8 magnitude-limited sample
of 178,579 galaxies covering redshift interval z < 0.5 and area 180 deg?. We obtain
improvements of 10-20% in measurements of the gravitational growth rate compared
to a single-tracer analysis, deriving from the correlated sample variance imprinted in
the distributions of the overlapping galaxy populations. We present new expressions
for the covariances between the auto-power and cross-power spectra of galaxy samples
that are valid for a general survey selection function and weighting scheme. We find
no evidence for a systematic dependence of the measured growth rate on the galaxy
tracer used, justifying the RSD modelling assumptions, and validate our results using
mock catalogues from N-body simulations. For multiple tracers selected by galaxy
colour, we measure normalized growth rates in two independent redshift bins fog(z =
0.18) = 0.36 £ 0.09 and fog(z = 0.38) = 0.44 £ 0.06, in agreement with standard GR
gravity and other galaxy surveys at similar redshifts.

arXiv:1309. 5556

Key words: surveys, large-scale structure of Universe, cosmological parameters
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Figure 1. The average number density of GAMA galaxies as a
function of redshift. This plot is constructed by combining data
in the three survey regions.
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Figure 2. The distribution of absolute magnitudes M, and red-
shifts z for the GAMA galaxies used in our analysis, which sat-
isfy the selection criteria described in the text. The blue and red
colour subsamples are plotted as crosses and open circles, respec-
tively, and illustrated by appropriate colouring of the data points.
The ‘high-L’ and ‘low-L’ subsamples are shown by the ranges indi-
cated on the figure. In this plot, the galaxies have been randomly
subsampled by a factor of 20, for clarity.
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Figure 5. The galaxy overdensity field within the G09 region, determined from the gridded data and selection function, and projected
onto a 2D plane parallel to the line-of-sight (such that the z-, y- and z-axes are oriented in the redshift, right ascension and declination
directions, respectively). The left-hand and right-hand panels show the measurements for blue and red galaxies, respectively. The top
and bottom rows illustrate two choices of smoothing scale, 2 and 5h~! Mpc. Qualitatively, it can be seen that the different galaxy
subsamples are tracing the same underlying large-scale structure.
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Figure 7. A mode-by-mode comparison of the moduli |5 ( IT)| and phases o( k ) of the complex Fourier amplitudes 5 (I_\;) estimated for the
red and blue galaxy subsamples for the redshift interval 0 < = < 0.25. The points are coded by plotting symbol and colour into four
wavenumber bins in the range k < 0.2 h Mpc~!. We note the strong correlations between the measurements of a given Fourier amplitude
for the two different tracers. In the right-hand panel, the data points which appear in the upper-left and lower-right corners result from
the 27 wrapping of the phases and support the correlation.
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Figure 12. Marginalized measurements of the normalized growth
rate fog(z) fit to multiple-tracer GAMA galaxy subsamples split
by colour. The prediction of a flat ACDM model with matter den-
sity Qm = 0.27 and normalization og = 0.8 is also shown as the
solid line. The open squares display the results of RSD analyses of
a series of other galaxy surveys in a similar redshift range, taken
from 6dFGS (2 = 0.067, Beutler et al. 2012), 2dFGRS (=2 = 0.17,
Hawkins et al. 2003), the SDSS Luminous Red Galaxy sample
(z = 0.25 and z = 0.37, Samushia et al. 2012) and the WiggleZ
Survey (z = 0.22 and z = 0.41, Blake et al. 2011).
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Radio Galaxy populations and the multi-tracer technique:
pushing the limits on primordial non-Gaussianity

L. D. Ferramacho!?*, M. G. Santos>'?, M. J. Jarvis*? and S. Camera'?

LCENTRA, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais 1, 1049-001, Lisboa, Portugal.
2 Department of Physics, University of Western Cape, Cape Town 7535, South Africa.

3SKA SA, 3rd Floor, The Park, Park Road, Pinelands, 7405, South Africa

4 Astrophysics, Department of Physics, Keble Road, Ozford OX1 3RH, UK.

February 12, 2014

arXiv:1402. 2290

ABSTRACT

We explore the use of different radio galaxy populations as tracers of different
mass halos and therefore, with different bias properties, to constrain primordial non-
Gaussianity of the local type. We perform a Fisher matrix analysis based on the
predicted auto and cross angular power spectra of these populations, using simulated
redshift distributions as a function of detection flux and the evolution of the bias
for the different galaxy types (Star forming galaxies, Starburst galaxies, Radio-Quiet
Quasars, FRI and FRII AGN galaxies). We show that such a multi-tracer analysis
greatly improves the information on non-Gaussianity by drastically reducing the cos-
mic variance contribution to the overall error budget. By using this method applied
to future surveys, we predict a constraint of oy, = 3.6 on the local non-Gaussian pa-
rameter for a galaxy detection flux limit of 10pJy and oy, = 2.2 for 1 pJy. We show
that this significantly improves on the constraints obtained when using the whole
undifferentiated populations (o, = 48 for 10 pJy and oy, = 12 for 1 pJy). We
conclude that continuum radio surveys alone have the potential to constrain primor-
dial non-Gaussianity to an accuracy at least a factor of two better than the present
constraints obtained with Planck data on the CMB bispectrum, opening a window to
obtain oy, ~ 1 with the Square Kilometer Array.

Key words: large-scale structure of Universe — cosmological parameters — inflation
cosmology: observations — radio continuum: galaxies
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Figure 2. Bias redshift evolution for the different source combi-
nations considered in this paper, considering a Gaussian distri-
bution of galaxies around the central masses as discussed section
3.2. When combining populations, the bias is obtained through
eq. 12.

bn(M,z) = b (M, z) + fride [(br(M,z) — 1] 30 Ho
h ’ — UL ) nlYe L b CQk’QT(k‘)D(Z)
e Star forming galaxies (SFR): Mpa,=1 x 10" h=* M,
e Starbursts (SB): Mpa1,=5 X 103h~ 1M
e Radio Quiet Quasars (RQQ): Mpaio=3 x 10127 1Ms — [FA L ?
e Radio loud AGN (FRI): Mpa.=1 x 102h=1 M
e Radio loud AGN (FRII): M..=1 x 10"~ M, X 10°F
L0 PRI R ' 4x10° -
T Raq i o
=== SFG B / '? 3
] Bl 4 & st
------ SFG+SB+RQQ .- ,/ +
— All S S — E
S 2x10°F
& =
£ s
1x10°F
: 0.00 .
0 1 1 1 Z
0 1.25 2.5 3.75 5

Figure 3. Redshift distribution of sources per steradian for SKA
phase-1 (Flux cut detection at 5 pJy). The source types are Star
Forming Galaxies (SFG), Starburst galaxies (SB), Radio quiet
quasars (RQQ) and FRI. We omit the distribution for FRII galax-
ies since their number is much lower (of the order of 100) and
would not be visible in this figure. All distributions were obtained
form the S3 catalogs down to a sensitivity limit of 1uJy and ap-
plying a cut at 50.
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Figure 4. 1-0 forecasts on f,; and central mass for starburst population (left) and on f,,; and primordial fluctuation amplitude (right),
both for a flux cut detection at 5 pJy. Larger blue ellipse considers the whole sample of galaxies and light green ellipses represent the
constrains if we consider the combination of SFG, SB and RQQ (or just SFG and SB, in light blue) as one single undifferentiated
population with bias defined by eq. 12. The orange contour corresponds to the constraint using the whole differentiated 5 galaxy
population for z<1 and 4 bins with SFG and SB undifferentiated for z>1. Finally, the smaller and darker ellipse shows the ideal case
where all 5 populations could be differentiated over the entire redshift range.
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Flux detection threshold

1 ply
3 pdy
5 pdy
10 pJy

Full sample® 3 bins 4 445 bins 5 bins

12 (9.6) 2.8 2.7 2.2 0.7
25 (17) 2.7 2.7 2.6 1.2
32 (23) 3.3 3.2 2.9 1.5
48 (35) 3.7 3.7 3.6 1.9

Table 1. Forecasts on f,; 1-o errors using the angular power spectra of different galaxy populations for different detection flux limits.
We present the results obtained using the full sample of objects with an averaged effective bias and those obtained using the combination
of 3 populations of radio galaxies (where SRG, SB and RQQ correspond to one population group), using 4 populations (where only SFG
and SB are undifferentiated) and with a selection of 5 populations for z<1 and 4 populations for z> 1 (again with undifferentiated SFG
and SB). We also show the result for the ideal case where all 5 populations could be differentiated over the entire redshift range of the

survey.

? Values in parentheses were obtained assuming a constant and single mass for each sub-population.

BLHIIC L S5 XBITE 502 R
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b: SFR, SB, RQQ
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ig Figure 5. Forecasted constraints on f,,; obtained with the multi-

tracer method as a function of the flux cut used to detect galaxies.
The horizontal line represents the best constrain obtained by the
Planck collaboration (Planck collaboration 2013b) normalized to
the convention we are using here.
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