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 A B S T R A C T

A study of the space density of the quasi-stellar objects (QSOs), as represented by their luminosity

functions, and their evolution is carried out by using the 2 Degree Field QSO Redshift Survey (2QZ)

10k catalogue of  the Anglo Australian Telescope (q
o
=0.5, H

o
=100 km s-1 Mpc-1). The Monte Carlo

Technique of numerical integration was used in determining a binned estimate of the QSO luminosity

function for more than 10990 QSOs with 0.3 < z < 2.3 for five redshift intervals. For each redshift range

the luminosity function is found to exhibit a downturn at the fainter magnitudes. Such a downturn is

also observed in the luminosity function of the QSOs in the hard x-ray region. Incompleteness of the

optical surveys at the fainter magnitudes might have led to a sharper downturn. Taking those QSOs

with absolute magnitude, M
β
 < -22.5, two smooth two-power-law functions, each having the form  ϕ

(L
B
) α [(L

B
 / L*

B
) α +   (L

B
 / L*

B
) ] -1 with a power law pure luminosity evolution of the form  L*

B 
(z)α (1+z

m
)

k, z
m
 being the mean redshift of the redshift interval, were used to fit separately the luminosity

functions of the brighter and the fainter QSOs for each redshift interval. From a simple fitting of the

QSO luminosity function we have estimated the best fit parameters.

PACS  codes: 95.75.Pq, 95.80.+p, 95.85.Kr, 98.54.-h, 98.54.Cm
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Introduction—

The quasi-stellar object (QSO) being a sub-

class of the Active Galactic Nuclei (AGN), the

QSO luminosity function and its evolution with

redshift provide valuable information about how

the population of the Active Galactic Nuclei

evolves with time. And the QSO luminosity

function at high redshifts provides important

constraints on the ionizing UV radiation field

of the early Universe [9].  The QSO luminosity

function for those QSOs with z < 2.2 and M
B
 <

-23 was modeled with a two-power-law

function with a steeper bright end [ϕ(L
B
) α

L
B

”3.6±0.1] and a flatter faint end  [ϕ(L
B
) αá

L
B

”1.2±0.1] along with a redshift dependence of

the characteristic luminosity function (where

the two power laws meet) of the form

 L*
B 

(z) α (1+z) k; the value of k is found to

be ~ 3 “ 4 [1,2,6,8]. Exponential luminosity

function evolution models, both as a function

of the look-back time L*
B
(z) ϕ ekτ and as a

second order polynomial  L*
B
(z) α 10f(z), where

f(z)=k
1
z + k

2
z2, are found to provide acceptable

fit to the data set comprising of the 2QZ and

the Large Bright Quasar Survey [3,4].

In the present study we used the 2dF QSO

Redshift Survey (2QZ) 10k catalogue QSOs
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to determine a binned estimate of the QSO

luminosity function and we studied the QSO

luminosity function and its evolution for a q
o
=0.5

universe. The Monte Carlo technique of

numerical integration was used in the

determination of the luminosity function. Using

simple curve fitting techniques we have studied

the QSO luminosity function and its evolution.

Those QSOs with z < 2.3 and M
B
 < “22.5 were

used. The absolute magnitude limit M
B
 < “22.5

is taken as the 2QZ survey becomes incomplete

at the fainter magnitudes. Two smooth two-

power-law functions with a power law pure

luminosity evolution of the characteristic

luminosity of the form L*
B
(z) α (1+z

m
) k, (z

m

being the mean redshift of the redshift interval)

are used to fit the luminosity function at the

brighter and the fainter magnitudes separately

and the values of the best fit parameters are

found out.

Fig 1 Luminosity function for the 2QZ 10k

QSOs (q
o
=0.5, H

o
=100 km s-1 Mpc-1)

2. Data

The 2QZ survey was carried out at the

Anglo-Australian Telescope using the 2-degree

Field multi-object spectroscopic system. It is

flux limited in the b
j
 band. Magnitudes were

determined from the Automatic Plate

Measuring scans of the UK Schmidt Telescope

(UKST) photographic plates. The survey limits

are 18.25 < b
j
 < 20.85. Colour selection was

made in the u “ b
j
 vs b

j 
“ r plane. We have

studied the 2QZ 10k QSOs with 0.3 < z < 2.3.

The absolute magnitudes of these QSOs lie

within the range “18.75 to “26.25. As the survey

is incomplete at the fainter magnitudes we have

not incorporated those QSOs with M
B 

> -22.5

in the analysis for the QSO luminosity function.

The 2QZ area comprises of two 75o × 5o

declination strips centred on α = “30o and α =

“0o. The α =”30o strip extends from α=21h 40

to α=3h 15 in the South Galactic Cap and the

equatorial strip extends from α = 9h 50 to α =

14h 50 in the North Galactic Cap (for details

see [4]).The survey area of the 10k catalogue

is 289.6 deg2 (after corrections for the

observational incompleteness).

3. Analysis and Results

The accessible commoving volume of each

QSO (Vi

a
) was computed and a binned estimate

of the QSO luminosity function was found out

in five redshift intervals for q
o
= 0.5 and H

o
=100

km s-1 Mpc-1 using the relation

∑
∈∈

=Φ
)M,M(M),z,z(z

i

a

B

21i21i
V

1
dM)z,M(

(1)

where z
i
=z”dz/2 ; z

2
=z+dz/2 and

M
1
=M”dM/2 ; M

2
=M+dM/2.

The Poisson error is given by σ =

5.0

i

2i

a
])V/(1[∑  [5,6].

Those bins with less than five QSOs were

neglected. The binned estimate of the QSO

luminosity function in five redshift intervals is

shown in Fig. 1. It is observed that for each

redshift interval the luminosity function exhibits

a downturn in the slope of the luminosity
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function towards the faint end. The downturn

is observed even at the magnitudes brighter than

the cut-off magnitude M
B
 < -22.5. Such a

downturn is also observed in the hard x-ray

luminosity function of the QSOs (10). However

the downturn is rather abrupt and occurs at

comparatively brighter magnitudes in the case

of the optical luminosity function. The optical

Fig 2  Luminosity function for the brighter 2QZ

10k QSOs (brighter in each redshift interval) (q
o
=0.5,

H
o
=100 km s-1 Mpc-1). The best fit curves are also

shown. The line

M
B  

=”22.5
 
is shown as a dotted vertical line.

Fig 3 Luminosity function for the fainter 2QZ

10k QSOs (fainter in each redshift   interval) (q
o
=0.5,

H
o
=100 km s-1 Mpc-1). The best fit curves are also

shown. The line

M
B  

=”22.5
 
is shown as a dotted vertical line.

probe might be missing some sources at

the very lowest luminosities to which they probe

(10). Also the downturn in the luminosity

function for higher redshift comes at higher

magnitudes. We fitted the QSO luminosity

function for each redshift interval separately

with two smooth two-power-law functions each

of the form φ (L
B
) α [(L

B
 / L*

B
) α +   (L

B
 / L*

B
)

β] -1. For the QSOs brighter than the

characteristic magnitude at fainter magnitudes,

the smooth two-power-law function used is (in

terms of absolute magnitude)

)1))(z(MM(4.0)1))(z(MM(4.0

*

B *
BB

*
BB 1010

)z,M(
+β−+α− +

Φ
=Φ

where M*
B
(z) =  M*

B
(z=0) “ 2.5 k log

10
(1+z

m
),

z
m
 being the mean redshift of each redshift

interval. The best fitted luminosity functions for

these QSOs are shown in Fig. 2. And the best

fit values of the parameters are given in Table

1.  For the fainter QSOs which are fainter than

the characteristic magnitude at brighter

magnitudes, a similar smooth two-power-law

function is used:

 
)1))(z(MM(4.0)1))(z(MM(4.0

*

B *
BB

*
BB 1010

)z,M(
+µ−+γ− +

Φ
=Φ

with similar evolution of the characteristic

magnitude. The best fitted luminosity function

of these QSOs are shown in Fig. 3 and the

best fit values of the various parameters are

given in Table 2. For Fig. 2, the best fit value of

the parameter á is found to lie between “3.9

and “4.3. It is a little steeper than the value of

3.9±0.15 reported by [2].  This may be due to

the incompleteness of the survey about the

brighter end for each redshift range leading to

a drop in the luminosity function at the brighter

end. The incompleteness at the brighter absolute

magnitude for optical luminosity function is

shown in [11]. The values of the parameters â

and k are roughly in agreement with the values
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reported by [1,2,6].  The values of the

parameter k found out in the present work are

also in agreement with the values reported in

these papers which use different survey data.

It is also observed that the values of k for the

fainter QSOs are generally a little larger than

those of the brighter QSOs.

4. Conclusions—We have studied the

luminosity function for 2QZ 10k QSOs with

redshift 0.3 < z < 2.3 and  M
B
 < -22.5. It is

observed that there is a downturn in the

luminosity function at the fainter magnitudes

for each redshift interval which is sharper than

and more abrupt than the downturn observed

in the hard x-ray luminosity function of the

QSOs. Incompleteness of the survey, which

depends not only on the absolute magnitude,

but also on the redshift, may be responsible for

the sharper and more abrupt downturn in the

luminosity function at the fainter magnitudes

and also for the steeper slope towards the

brighter end of the luminosity function.
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Table 1: Best fit values of the parameters of the luminosity function for the 2QZ 10k

QSOs corresponding to Fig. 2 (q
o
= 0.5, H

o
= 100 km s-1 Mpc-1)

z interval          ααααα βββββ        k     M*

B
       φφφφφ*         χχχχχ 2

0.89<z<1.27 -3.90± 0.88 -1.25± 0.38 3.5± 0.51 -20.72 1.37×10-6 3.99×10-8

±7.64×10-7

1.27<z<1.74 -3.90± 0.93 -1.35± 0.43 3.5± 0.48 -20.72 1.61×10-6 7.02×10-8

±1.0×10-6

1.74<z<2.3 “4.30± 0.42 “1.45± 0.17 3.5± 0.13 “20.72 1.22×10-6 9.97×10-8

±3.17×10-7

Table 2: Best fit values of the parameters of the luminosity function for the 2QZ 10k

QSOs corresponding to Fig. 3 (q
o
= 0.5, H

o
= 100 km s-1 Mpc-1

z interval      γ     µµµµµ       k      M*

B
         φ*        χ 2

1.27<z<1.74 3.47± 0.11 -2.18±0.03 4.39± 0.01 -18.50 3.50×10-6 4.62×10-8

±4.19×10-8

1.74<z<2.3 3.37± 0.49 -2.38± 0.11 4.24± 0.03 -18.50 3.22×10-6 4.32×10-8

±1.43×10-7
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