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Galaxies	in	the	Hubble	Ultra	Deep	Field	
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Transverse	angular	to	linear	distances	in	cosmology		



The	large-scale	distribuCon	of	galaxies	in	projecCon	

~70 degrees 



Sloan	Digital	Sky	Survey:	Telescope	&	fibre	plates	



A	flux-limited	galaxy	sample	(example):		
Apparent	magnitudes	and	redshiXs	

data from SDSS DR7 



A	flux-limited	galaxy	sample	(example):		
Luminosity	distances	and	absolute	magnitudes	

data from SDSS DR7 



The	luminosity	funcCon	of	galaxies		
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The	stellar	mass	funcCon	of	galaxies	630 I. K. Baldry et al.

Table 1. Galaxy stellar mass function. The φ values for masses
lower than 108 M⊙ should be regarded as lower limits (see Sec-
tion 3.2). The errors quoted are pseudo-Poisson errors derived
from the square root of the sum of weights squared.

log(M/M⊙) Bin φ/10−3 Error Number
mid-point width dex−1 Mpc−3

6.25 0.50 31.1 21.6 9
6.75 0.50 18.1 6.6 19
7.10 0.20 17.9 5.7 18
7.30 0.20 43.1 8.7 46
7.50 0.20 31.6 9.0 51
7.70 0.20 34.8 8.4 88
7.90 0.20 27.3 4.2 140
8.10 0.20 28.3 2.8 243
8.30 0.20 23.5 3.0 282
8.50 0.20 19.2 1.2 399
8.70 0.20 18.0 2.6 494
8.90 0.20 14.3 1.7 505
9.10 0.20 10.2 0.6 449
9.30 0.20 9.59 0.55 423
9.50 0.20 7.42 0.41 340
9.70 0.20 6.21 0.37 290
9.90 0.20 5.71 0.35 268

10.10 0.20 5.51 0.34 260
10.30 0.20 5.48 0.34 259
10.50 0.20 5.12 0.33 242
10.70 0.20 3.55 0.27 168
10.90 0.20 2.41 0.23 114
11.10 0.20 1.27 0.16 60
11.30 0.20 0.338 0.085 16
11.50 0.20 0.042 0.030 2
11.70 0.20 0.021 0.021 1
11.90 0.20 0.042 0.030 2

completeness of 0.93 because of the reduced coverage in the K
band (fig. 3 of Baldry et al. 2010). This scaled GLF is shown by
the blue line in Fig. 12(b). Note that strictly the V ′

max values should
be recomputed because of the different coverage across the regions
but this should have minimal impact on the shape. We also show the
GAMA K-band GLF from Driver et al. (2012), which was derived
from a different sample (0.013 < z < 0.1, rPet < 19.4 and KAB <

18.1 with r-defined Kauto magnitudes) with the same M/LK applied.
The flattening from 1010.6 to ∼1010 M⊙ and upturn below these

masses shown in the i-band-derived GSMF is also seen directly
in the K-band GLF (Fig. 12b). Though in the case of the Driver
et al. (2012) result (standard Vmax) it is less pronounced. This is
an important confirmation of this upturn since, while there is some
variation in M/LK , the K-band GLF is often used as a proxy for
the GSMF. Previous measurements of the K-band field GLF had
failed to detect this upturn either using Two Micron All Sky Survey
(2MASS) photometry down to LK ! 109 L⊙ (Cole et al. 2001;
Kochanek et al. 2001) or using UKIDSS with SDSS redshifts
(Smith, Loveday & Cross 2009); see fig. 14 of Smith et al. for
a compilation. These measurements nominally probe far enough
down the GSMF (∼109 M⊙) that the upturn should have been noted.
We note that Merluzzi et al. (2010)’s measurement of the K-band
GLF in the z = 0.048 Shapley Cluster shows an upturn particularly in
the lower density environments; however, this does rely on statistical
background subtraction. The explanation for 2MASS-based GLFs
missing this could be the SB limit. However, GAMA and Smith
et al. both used UKIDSS photometry. The difference in this case
is that GAMA has redone the near-IR photometry using r-band-

Figure 13. GSMF with a double Schechter fit to data at M > 108 M⊙.
The data points represent the GAMA-fitted stellar mass results. The solid
line represents the fit to the data with extrapolation shown by the dashed
line. The fit parameters are shown with their 1σ errors. Also shown is a fit
to zCOSMOS data from Pozzetti et al. (2010).

defined matched apertures (Hill et al. 2011), and the magnitude
limit is higher, meaning that the galaxies are typically further away
(smaller on the sky) making near-IR photometry more reliable.

3.5 The double Schechter function

The shape of the GSMF is well fitted with a double Schechter
function with a single value for the break mass (M∗), i.e. a five-
parameter fit (BGD08; Pozzetti et al. 2010). This is given by

φM dM = e−M/M∗
[
φ∗

1

(
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2

(
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)α2
]

dM
M∗ , (6)

where φM dM is the number density of galaxies with mass between
M and M+ dM; with α2 < α1 so that the second term dominates
at the faintest magnitudes. Fig. 13 shows this function fitted to
the GSMF data providing a good fit. The fit was obtained using a
Levenberg–Marquardt algorithm on the binned GSMF between 8.0
and 11.8 (Table 1), and the fit parameters are given in the plot. The
fit to the Pozzetti et al. GSMF for z = 0.1–0.35 is also shown, which
is similar.

A natural explanation for this functional form was suggested by
Peng et al. (2010b). In their phenomenological model, SF galaxies
have a near-constant specific star-formation rate (SFR) that is a
function of epoch. Then there are two principal processes that turn
SF galaxies into red-sequence or passive galaxies: ‘mass quenching’
and ‘environmental quenching’. In the model, the probability of
mass quenching is proportional to a galaxy’s SFR (mass times the
specific SFR). This naturally produces a (single) Schechter form for
the GSMF of SF galaxies. Considering only mass quenching, the
GSMF of passive galaxies is also determined to have a Schechter
form with the same value of M∗ but with the faint-end (power-
law) slope +1 compared to that of the SF galaxies. To see this,
consider a single Schechter function GSMF and multiply by mass:
Mα → Mα+1. Overall, the GSMF of all galaxies is represented by
a double Schechter function with α1 = α2 + 1. This is in agreement
with our fit (Fig. 13), which has α1 − α2 = 1.12 ± 0.19. In fact,
a good fit can be obtained by restricting α1 = α2 + 1, making a
four-parameter fit (at M > 108 M⊙).

In the model, environmental quenching does not change the over-
all double Schechter shape as some SF galaxies are turned to red
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Baldry at al. 2012 



The	galaxy	luminosity	funcCon		
and	the	mass	funcCon	of	dark	maYer	haloes		

Silk 2013 



Galaxy	clustering:	Early	redshiX	surveys				

L’Apparent, Geller & Huchra 1986 

zmax ≈ 0.05 



The	(real	space)	two-point	correlaCon	funcCons	of	galaxies	
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Hawkins et al. 2003 



RedshiX	space	distorCons:	“Finger	of	God”	effect	

SDSS 



RedshiX	space	distorCons:	Kaiser	effect	

2dFGRS 



Baryonic	acousCc	oscillaCons		
in	the	galaxy	correlaCon	funcCon	

Eisenstein et al  
2005  



Galaxy	redshiX	surveys:	The	next	generaCon	



Galaxy	redshiX	surveys:		
The	4MOST	instrument	built	at	AIP	



Galaxy	redshiX	surveys:		
“Echidna”	prototype	fibre	posiConer	for	4MOST	


