
2015Publication Year

2020-04-09T14:44:53ZAcceptance in OA@INAF

SDSS J013127.34-032100.1: a candidate blazar with an 11 billion solar mass black 
hole at z = 5.18

Title

GHISELLINI, Gabriele; TAGLIAFERRI, Gianpiero; Sbarrato, Tullia; Gehrels, N.Authors

10.1093/mnrasl/slv042DOI

http://hdl.handle.net/20.500.12386/23970Handle

MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETYJournal

450Number



MNRAS 450, L34–L38 (2015) doi:10.1093/mnrasl/slv042

SDSS J013127.34–032100.1: a candidate blazar with an 11 billion solar
mass black hole at z = 5.18

G. Ghisellini,1‹ G. Tagliaferri,1 T. Sbarrato2 and N. Gehrels3

1INAF – Osservatorio Astronomico di Brera, via E. Bianchi 46, I-23807 Merate, Italy
2Dip. di Fisica G. Occhialini, Univ. di Milano Bicocca, Piazza della Scienza 3, I-20126 Milano, Italy
3NASA–Goddard Space Flight Center, Greenbelt, MD 2077, USA

Accepted 2015 March 9. Received 2015 March 6; in original form 2015 January 16

ABSTRACT
The radio-loud quasar SDSS J013127.34–032100.1 at a redshift z = 5.18 is one of the most
distant radio-loud objects. The radio to optical flux ratio (i.e. the radio-loudness) of the
source is large, making it a promising blazar candidate. Its overall spectral energy distribution,
completed by the X-ray flux and spectral slope derived through Target of Opportunity Swift/X-
ray Telescope observations, is interpreted by a non-thermal jet plus an accretion disc and
molecular torus model. We estimate that its black hole mass is (1.1 ± 0.2) × 1010 M� for
an accretion efficiency η = 0.08, scaling roughly linearly with η. Although there is a factor
�2 of systematic uncertainty, this black hole mass is the largest found at these redshifts. We
derive a viewing angle between 3 and 5 deg. This implies that there must be other (hundreds)
sources with the same black hole mass of SDSS J013127.34–032100.1, but whose jets are
pointing away from Earth. We discuss the problems posed by the existence of such large black
hole masses at such redshifts, especially in jetted quasars. In fact, if they are associated with
rapidly spinning black holes, the accretion efficiency is high, implying a slower pace of black
hole growth with respect to radio-quiet quasars.

Key words: quasars: general – X-rays: general.

1 IN T RO D U C T I O N

Yi et al. (2014, hereafter Yi14) discovered SDSS J013127.34–
032100.1 (hereafter SDSS 0131–0321) as a radio-loud quasars,
a redshift z = 5.18 characterized by a large radio to optical flux
ratio (i.e. the so-called radio-loudness) R ∼ 100. Yi14 selected the
source through optical–IR selection criteria based on Sloan Dig-
ital Sky Survey (SDSS) and Wide-Field Infrared Survey Explorer
(WISE) photometric data (Wu et al. 2012), and then observed it spec-
troscopically in the optical and the IR. The IR spectrum revealed
an absorbed broad Lyα line and a broad Mg II line, that allowed
us to estimate the black hole mass of the objects though the virial
method, yielding MBH = (2.7–4) × 109 M�. If this were the real
black hole mass, then the source would emit above the Eddington
limit.

A very large black hole mass found in a jetted quasar at such
large redshifts is somewhat puzzling. This is because it is commonly
believed that the jet is associated with rapidly spinning black holes,
in order to let the Blandford & Znajek (1977) mechanism work.
But, if this were the case, the efficiency of accretion would be large,
implying that less mass is required to emit a given luminosity.

� E-mail: gabriele.ghisellini@brera.inaf.it

The black hole would then grow at a slower rate, and it becomes
problematic to explain large black hole masses at high redshifts
(see e.g. Ghisellini et al. 2013). This motivates our interest in jetted
quasars at high redshifts with large black hole masses.

Up to now the three blazars known at z > 5 are Q0906+6930
(z = 5.47; Romani et al. 2004), B2 1023+25 (z = 5.3; Sbarrato et al.
2012, 2013), and SDSS J114657.79+403708.6 (z = 5.005; Ghis-
ellini et al. 2014a). All these sources have a well-visible accretion
disc emission in the IR–optical part of the observed spectral energy
distribution (SED), including strong broad emission lines. A large
radio-loudness R is a good indicator of the alignment of their jets
with the line of sight, that boosts the non-thermal emission because
of relativistic beaming. Values R ≥ 100, as in the case of SDSS
0131–0321 (Yi14), make the source a good blazar candidate, i.e. a
source whose jet is seen under a viewing angle θv smaller than the
beaming angle 1/�, where � is the bulk Lorentz factor of the jet.
This definition is somewhat arbitrary, but has the merit to divide in
a simple way blazars from their parent population, i.e. quasars with
jets pointing away from us. The divide at θv = 1/� implies that for
each blazar there are other 2�2 sources of similar intrinsic proper-
ties but pointing elsewhere. However, the radio-loudness alone does
not guarantee the classification of the source as a blazar: R > 100
could in fact correspond to a source seen at θv > 1/�, but with a
particularly weak intrinsic optical luminosity, or, vice versa, with
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Table 1. List of parameters adopted for or derived from the model for the SED of 0131–0321, compared with the set of parameters used for the other
two blazars at z > 5. Col. [1]: name; Col. [2]: redshift; Col. [3]: dissipation radius in units of 1015 cm; Col. [4]: black hole mass in solar masses;
Col. [5]: size of the BLR in units of 1015 cm; Col. [6]: power injected in the blob calculated in the comoving frame, in units of 1045 erg s−1; Col.
[7]: logarithm of the accretion disc luminosity (in erg s−1); Col. [8]: Ld in units of LEdd; Col. [9]: magnetic field in Gauss; Col. [10]: bulk Lorentz
factor at Rdiss; Col. [11]: viewing angle in degrees; Col. [12] and [13]: break and maximum random Lorentz factors of the injected electrons; Col.
[14]–[17]: logarithm of the jet power (in erg s−1) in different forms: Col. [14] power spent by the jet to produce the non-thermal beamed radiation;
Col. [15]: jet Poynting flux; Col. [16]: power in bulk motion of emitting electrons; Col. [17]: power in bulk motion of cold protons, assuming one
proton per emitting electron. The total X-ray corona luminosity is assumed to be in the range 10–30 per cent of Ld. Its spectral shape is assumed to
be always ∝ ν−1exp ( − hν/150 keV).

Name z Rdiss MBH RBLR P ′
i Ld

Ld
LEdd

B � θv γ b γ max Pr PB Pe Pp

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17]

0131–0321 5.18 2310 1.1e10 2031 0.02 47.62 0.25 1.6 13 5 70 3e3 46.3 47.2 44.9 47.6
0131–0321 5.18 2310 1.1e10 2031 0.02 47.62 0.25 2.1 10 5 70 3e3 46.0 47.2 44.8 47.4
0131–0321 5.18 2310 1.1e10 2031 9e−3 47.62 0.25 1.1 13 3 300 3e3 46.0 46.9 44.0 46.5
1146+430 5.005 900 5e9 1006 7e−3 47.00 0.15 1.4 13 3 230 3e3 45.9 46.3 44.0 46.5
0906+693 5.47 630 3e9 822 0.02 46.83 0.17 1.8 13 3 100 3e3 46.3 46.2 44.6 47.1
1023+25 5.3 504 2.8e9 920 0.01 46.95 0.25 2.3 13 3 70 4e3 46.0 46.2 44.5 46.9

Figure 3. The SED of SDSS 0131–0321 is compared to the SEDs of
the other known blazars at z ≥5. SDSS 0131–0321 stands out by having
the most powerful disc. The radio and the X-ray data, on the other hand,
have luminosity similar to the other blazars. The figure shows also the
interpolating models, whose parameters are listed in Table 1.

Nuclear Spectroscopic Telescope Array satellite (NuSTAR; Harrison
et al. 2013) can provide. As in the case of B2 1023+25 (Sbarrato
et al. 2013), NuSTAR could reveal a very hard spectrum, that could
make us to choose the large � and small θv solution. Table 1 reports
also, for the ease of the reader, the parameters we used to fit the
other three known blazars1 at z > 5. The parameters are all very
similar, and are also in the bulk of the distribution of parameters ac-
counting for much larger sample of blazars showing broad emission
lines (Ghisellini et al. 2010, 2014b; Ghisellini & Tavecchio 2015).

Fig. 3 shows how the SED of SDSS 0131–0321 compares with
the SED (in νLν versus rest frame ν) of the three other blazar known
at z > 5. The four non-thermal jet SEDs are rather similar, but the

1 For the jet powers, we here consider the sum of power of each of the two
jets, while in the original papers discussing these sources, the power of only
one jet was reported.

accretion disc component of SDSS 0131–0321 stands out, being a
factor ∼4 more luminous.

4 D I S C U S S I O N A N D C O N C L U S I O N S

Although we cannot decide (yet) if SDSS 0131–0321 can be clas-
sified as a blazar in a strict sense (i.e. a source with θv < 1/�),
we can nevertheless conclude that θv is small, and therefore it is
very likely that there exist other sources like SDSS 0131–0321
pointing in other directions. Assuming two oppositely directed jets,
� = 13 and θv = 5◦, we can estimate the presence of other 1/(1 −
cos 5◦) = 260 sources sharing the same intrinsic properties of SDSS
0131–0321 in the same sky area (about 1/4 of the entire sky) cov-
ered by the SDSS+FIRST survey. If future NuSTAR observations
detect a high hard X-ray flux, then the � = 13, θv = 3◦ solution
is preferred, and the total number of sources like SDSS 0131–0321
should be 2�2 = 338(�/13)2 in the same sky area.

We believe that the black hole mass we found through the disc-
fitting method is very reliable, since we do see the peak of the
accretion disc emission redwards of the Lyα limit. The only un-
certainty concerns the use of a simple Shakura & Sunyaev (1973)
model, that assumes a no (or a modestly) spinning black hole. On
the other hand the resulting fit is good, and we stress that in the case
of a fast-spinning black hole, with a corresponding high accretion
efficiency η, we would derive a larger black hole mass. This is be-
cause, for a given MBH and Ṁ , a Kerr black hole would produce more
optical–UV flux (with respect to a non-spinning black hole), then
exceeding the observed data points at the peak of the optical–UV
SED. One must lower Ṁ , but this leads to the under-representation
of the IR–optical point, that can be recovered by increasing the mass
(i.e. increasing the disc surface, implying a smaller temperature).

How can such a large mass be produced at z = 5.18? At this
redshift the Universe is 1.1 Gyr old. Fig. 4 shows the change of the
black hole mass in time, assuming different efficiencies η. If the
black hole is not spinning, and η < 0.1, then it is possible to grow
a black hole up to 11 billion solar masses starting from a 100 M�
seed if the accretion proceeds at the Eddington rate all the time. But
if η = 0.3, appropriate for a maximally spinning and accreting black
hole (Thorne 1974), then the growth is slower, and an Eddington
limited accretion cannot produce a 1.1 × 1010 M� black hole at
z = 5, unless the seed is 108 M� at z = 20.

This poses the problem: jetted sources are believed to be associ-
ated with fast-spinning black holes, therefore with highly efficient
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Figure 4. The black hole mass as a function of time in system charac-
terized by an Eddington limited accretion rate, and by different values of
the efficiency η (see also fig. 3 in Trakhtenbrot et al. 2011). Values of
η = 0.06 and η = 0.3 correspond to no spinning Schwarzschild and max-
imally spinning Kerr black holes, respectively. All cases corresponds to
MBH = 1.1 × 1010 M� at z = 5.18, the mass of SDSS 0131–0321. This
figure shows that only if the accretion disc efficiency ηd is small we can
grow a large mass black hole in the required time starting from a reasonable
seed. On the other hand, this may not imply a non-rotating black hole.

accretors. If the accretion is Eddington limited, jetted sources should
have black holes lighter than radio-quiet quasars with non-spinning
black holes. The solution to this puzzle can be that, when a jet is
present, then not all the gravitational energy of the infalling matter
is transformed into heat and then radiation, as suggested by Jolley
& Kunzic (2008) and Ghisellini et al. (2010). In this case the total
accretion efficiency can be η = 0.3, but only a fraction of it (ηd)
goes to heat the disc, while the rest (η − ηd) goes to amplify the
magnetic field necessary to launch the jet (by tapping the rotational
energy of the black hole). The disc luminosity becomes Eddington
limited for a greater accretion rate (making the black hole growing
faster). This is shown in Fig. 4 as the case η = 0.3, ηd = 0.1, that
requires a seed of 104 M� at z = 20; and by the case η = 0.3,
ηd = 0.06, that can reach 11 billion M� starting from a 100 M�
seed at z ∼11.

In this scenario, the jet is required if very large masses are to
be reached at large redshifts, together with a vast reservoir of mass
that can be accreted. In this respect, the recent finding of Punsly
(2014), namely that radio-loud objects have a deficit of UV emission
with respect to radio-quiet quasar of similar disc luminosity, is
very intriguing, pointing to the possibility that the inner part of the
accretion disc around a Kerr black hole is producing much less
luminosity than expected, because the produced energy does not
go into heating the disc, but in other forms, such as amplifying the
magnetic field of the inner disc, a necessary ingredient to let the
Blandford & Znajek process work efficiently.
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