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Abstract We compiled the radio, optical and X-ray data of blazars ftbm Sloan
Digital Sky Survey database, and presented the distribofituminosities and broad-
band spectral indices. The distribution of luminositieswgh that the averaged lu-
minosity of flat spectrum radio quasars (FSRQs) is largen that of BL Lacertae
(BL Lac) objects. On the other hand, the broadband specteabg distribution reveals
that FSRQs and low energy peaked BL Lac objects have sinfilotsal properties,
but high energy peaked BL Lac objects have a distinct sggmioperty. This may be
due to the fact that different subclasses of blazars haferdift intrinsic environments
and are at different cooling levels. Even so, a unified scheralso revealed from the
color-color diagram, which hints that there are similar ibgl processes operating in
all objects under a range of intrinsic physical conditionb@ming parameters.

Key words: galaxies: active — BL Lacertae objects: general — galafiselamental
parameters — quasars: general

1 INTRODUCTION

Blazars are a subset of active galactic nuclei (AGNs) withrej emission at all wavelengths. They
are the brightest and most variable high energy sources @GNs, and they have continuous
spectral energy distributions (SEDs). The continuum eonss blazars is thought to be from a
relativistic jet oriented close to the observer and emagdtiom the vicinity of a black hole (Stern
& Poutanen 2008; Ghisellini et al. 1986). The SEDs of blaaagscharacterized by a universal two-
bump structure: one in the infrared to ultraviolet band, graother in the MeV-GeV band. The
synchrotron radiation in a relativistic beamed jet is remsiole for the lower-energy peak, while the
high-energyy-ray emission is produced by the inverse Compton (IC) mesha(Sambruna et al.
1996). Generally, blazars can be divided into two subcla$3ke Lacertae (BL Lac) objects and flat
spectrum radio quasars (FSRQs). The main difference batihese two classes is their emission
lines: BL Lac objects are characterized by a lack of strongssion lines (equivalent widtk: 5 A),
while FSRQs have strong broad emission lines with a stretigthis similar to normal quasars
(Scarpa & Falomo 1997).
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Based on the peak energy frequency of the synchrotron emigsgak, BL Lac objects can
be divided into “high energy peaked BL Lacs” (HBLs) and “loweegy peaked BL Lacs” (LBLS)
(Padovani & Giommi 1995; Giommi et al. 1995). Mei et al. (2D@&d Ma et al. (2007) found that
the two subclasses of BL Lac objects can be distinguishedhdiy peak frequencies,cai: HBLs
havelog vpeax > 14.7, while LBLs havelog vpeax < 14.7.

In addition, Padovani & Giommi (1995) found that LBLs and HBtan also be divided by using
the ratio of X-ray flux at 1 keV (in units of erg cn? s!) to 5 GHz radio flux density (in units of
Janskys (Jy)). The criterion j& / f. ~ 10711, corresponding to the broadband spectral index (from
5 GHz in radio to 1 keV in X-rayd,, ~ 0.75. HBLs have a broadband spectral indexwf < 0.75,
and LBLs have a spectral index ef, > 0.75 (Giommi et al. 1995; Ma et al. 2007; Mei et al. 2002;
Urry & Padovani 1995). The SEDs of these two different suks#a of BL Lac objects have been
investigated by a number of authors (e.g., Bao et al. 2008nG al. 2006; Padovani & Giommi
1995; Giommi et al. 1990; Nieppola et al. 2006). Padovani &r@ini (1995) and Giommi et al.
(1990) found that these two subclasses occupy differembmegn thea,, - aox plane. Padovani
& Giommi (1995) also found that there are correlations betwte minimum soft X-ray flux and
the radio flux, and there are also correlations between thie eand optical fluxes for the subsample
of HBLs but not for that of LBLs. Nieppola et al. (2006) fourttht there is a negative correlation
between the luminosity and the synchrotron peak frequepgy. at the radio and optical bands,
whereas the correlation turns slightly positive in X-raygppola et al. 2006). Fan et al. (2012) and
Lyu et al. (2014) found that HBLs have different propertiesi LBLs. Yan et al. (2014) found that
the one-zone synchrotron self-Compton (SSC) model caressfudly fit the SEDs of HBLs, but
fails to explain the SEDs of LBLs. In addition, Bao et al. (8)@und that these two subclasses of
BL Lac objects can be explained by a unified scheme.

BL Lac objects and FSRQs are grouped together under the deatiom of blazars, which elim-
inates the somewhat ambiguous issue of the strength of iemigses as a classification criterion.
However, there are some differences in the individual eonisproperties among different blazar
subclasses. The relationship among different kinds ofdstazan enhance our understanding of the
fundamental properties of blazars. Therefore, it is imfdgdo investigate the connection among
FSRQs, LBLs and HBLs.

The relationship between of BL Lac objects and FSRQs has Bsenssed by a number of
authors (e.g., Comastri et al. 1997; Fossati et al. 1998saHHii et al. 1998, 2009; Li et al. 2010;
Sambruna et al. 1996; Xie et al. 2001, 2003, 2004, 2006, 20008; Zheng et al. 2007), who
assembled the SED of many radio, X-ray anthy selected blazars. Fossati et al. (1998) studied the
SEDs of a combined blazar sample, and found that the SED giepef these subclasses present a
remarkable continuity and a systematic trend as a funcfignarce luminosity, which suggests that
the parameter describing the blazar continua is likely tthkesource luminosity. Based on the first
Fermi sample, Ghisellini et al. (2009) found that FSRQs ahdl&c objects occupy separate regions,
and obey a spectral sequence. However, Anton & Browne (Rfiifd that there are selection
effects for the “blazar sequence” reported by Fossati €18P8) and Ghisellini et al. (1998). Some
literature has shown that HBLs have different propertiesfFSRQs, but LBLs are similar to FSRQs
(e.g. Chenetal. 2013; Fan et al. 2012; Li et al. 2010; Lyu.€2@14). However, Li et al. (2010) and
Chen et al. (2013) also found that their whole sample suggdhkste is a unified scheme of blazars.
Comastri et al. (1997) discovered that there is a signifiaatitorrelation between X-ray andray
spectral indices, and also between the broadband speutie¢s.,, anda,., of BL Lac objects and
FSRQs. The correlation between the broadband spectraeadibtained by Comastri et al. (1997)
implied that there is a different shape in the overall eneligiributions from radio te-ray energies
between BL Lac objects and FSRQs. Sambruna et al. (1996) eneitXal. (2003) found that three
kinds of blazars have different SEDs, but follow a continsispectral sequence.

In this paper, we will study the distributions of the luminaes and the radio-optical-X-ray
SEDs of SDSS blazars. We also study the connections among,lHBBLs and FSRQs. A detailed
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explanation of the sample is given in Section 2. The distidms of luminosity are presented in
Section 3. The broadband spectral energy distributiorvisrgin Section 4. In Section 5, discussions
and conclusions are presented.

2 THE SAMPLE OF SDSSBLAZARS

The Sloan Digital Sky Survey (SDSS) is one of the most amimtiand influential surveys in the
history of astronomy. Plotkin et al. (2008) have drawn adasgmple of 501 BL Lac object can-
didates from the combination of SDSS Data Release 5 (SDS9 BRleal spectroscopy, and the
Faint Images of the Radio Sky at Twenty-Centimeters (FIR@@)o survey. Plotkin et al. (2010)
have presented a sample of 723 optically selected BL Lacdates from the SDSS Data Release 7
(SDSS DRY7) spectroscopic database. Based on the larggtlagliNRAO VLA Sky Survey, ATCA
catalogue of compact PMN sources), ROSAT All Sky Survey (BAS$he SDSS Data Release 4
(SDSS DR4) and 2dF survey data, Turriziani et al. (2007)eresi a Radio-Optical-X-ray catalog
compiled from at ASDC (ROXA) including 816 objects, amongeth510 are confirmed blazars. In
addition, Chen et al. (2009) have also presented a sampigling 118 Non-thermal jet-dominated
FSRQs from SDSS Data Release 3 (SDSS DR3), which is an X-rasagample with the FIRST
and GB6 radio catalogs. Based on the samples of Plotkin @08, 2010), Turriziani et al. (2007)
and Chen et al. (2009), we compiled a large sample of 606 tHarecluding 292 FSRQs and 314
BL Lacs. All the objects in the sample have matches in RASSmaeasured redshifts. In our sam-
ple, the three-band luminosities (, L, andL,) and the broadband spectral indicgs, o, anday
were given in the literature (Chen et al. 2009; Plotkin e28D8, 2010; Turriziani et al. 2007). The
luminositiesZ,, L, and L, are the specific luminosities (per unit frequency) at 5 GHI®A and
1keV, respectivelyw,, is the two-point spectral indices between 5 GHz and 5808, represents
the two-point spectral indices between 5 GHz and 1keV, @apddenotes the two-point spectral
indices between 5000 and 1 keV.

As discussed in Section 1, BL Lac objects can be divided irBh$land LBLsS, based on the
radio-X-ray spectral index,, between 5 GHz and 1 keV. According to the literature (Giomiaile
1995; Ma et al. 2007; Mei et al. 2002; Plotkin et al. 2008; Ugryadovani 1995), most BL Lac
objects witha,, < 0.75 are HBLs, and most BL Lac objects with, > 0.75 are LBLs. Therefore,
to investigate the relations among different blazar siudsels, we adopt,, = 0.75 as a rough value
to separate HBLs from LBLs when applied to SDSS BL Lac objé@iemmi et al. 1995; Ma et al.
2007; Mei et al. 2002; Urry & Padovani 1995). Based on thitecion, there are 270 HBLs and 44
LBLs in our sample.

3 DISTRIBUTIONS OF LUMINOSITY OF BLAZARS

Fossati et al. (1998) studied the SEDs of a combined blarapleaand found that source luminosity
is the characteristic parameter describing the blazairmeatOn the basis of the first Fermi sample,
Ghisellini et al. (2009) have found that BL Lac objects arediea and less luminous than FSRQs.
Ghisellini et al. (1998) found that HBLs are the sources trate the lowest intrinsic power and
the weakest external radiation field, LBLs are intrinsicafiore powerful than HBLs, and FSRQs
represent the most powerful blazars.

Thus, we computed the distributions of radio (at 5 GHz), @t{at 500}) and X-ray (at
1keV) luminosities for three subclasses of blazars. Figlire3 show the distribution of luminosities
for three kinds of blazars, and all of the luminosities aredfrected to the source rest frame (Chen
et al. 2009; Plotkin et al. 2008, 2010; Turriziani et al. 2D0he distributions of radio, optical and
X-ray luminosities are plotted in Figures 1, 2 and 3, respelst

From Figure 1, one can find that FSRQs have larger radio lusitie than BL Lac objects,
while the radio luminosities of LBLs are more powerful thdmose of HBLs. This suggests that
the radio luminosities of the three kinds of blazars, fronRE8 to LBLs to HBLs, are decreasing,
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Fig. 1 Distributions of radio luminosity at 5 GHz for the three kindf blazars used in our sample.
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Fig. 2 Distributions of optical luminosity at 5008 for the three kinds of blazars used in our sample.

which is consistent with the argument reported by Ghisedfiral. (1998). In Figure 2, we can note
that the optical luminosities of FSRQs are larger than tlidsBL Lac objects, while HBLs have

similar optical luminosities to those of LBLs. Correspamgly, the X-ray luminosities of HBLs are

systematically lower than FSRQs, but larger than LBLs (dge3j.

The distributions presented in Figures 1, 2 and 3 show tlealuminosity is an important pa-
rameter that can be used to distinguish FSRQs from BL Laccthjé tendency of luminosities
from FSRQs to BL Lac objects is revealed from the distriugiof luminosities. The distributions
of luminosities for three kinds of blazars presented frogukés 1-3 are consistent with the results
reported by Fossati et al. (1998) and Ghisellini et al. (3998 the other hand, one can note that all
of the distributions are continuous in properties betweBh$iand LBLs, as well as between FSRQs
and BL Lac objects, which is in good agreement with the previarguments about the continuum
of blazars (Fossati et al. 1998; Ghisellini et al. 1998; Xiale2003; Comastri et al. 1997; Sambruna
et al. 1996).

4 BROADBAND SPECTRAL ENERGY DISTRIBUTION OF BLAZARS

Searching for the connection among different blazar s@lsekis very significant because it can sub-
stantially enhance our understanding of the fundamentat@af blazars. The relationship among
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Fig. 3 Distributions of X-ray luminosity at 1 keV for the three kimdf blazars used in our sample.

different blazars has been discussed in the literature avithified scheme and a spectral sequence
for blazars (Fossati et al. 1998; Ghisellini et al. 1998; Bama et al. 1996; Xie et al. 2003). For
investigating the relationship among different subclasgélazars, we will analyze the relationship
among the HBLs, LBLs and FSRQs on the basis of the broadbaudrapindicesy,,, ax andagy.

4.1 Diagram of o, versus ay,

Here, we investigate the relationship between the broatibpactral indicesy,, and «,, for the
whole sample. The plotis shown in Figure 4. Figure 4 showsthieae is a good correlation between
ar anday, for the whole sample. An equation derived by linear regoesanalysis for all of the
samples is written as

ey = (0.64 4 0.03) o + (0.43 +0.01), 1)

with a correlation coefficient of = 0.70 and a chance probability @f < 10~%. Moreover, we also
study the relationship between, anda,, for the FSRQs and LBLs sample. We obtain

ik = (0.42 £ 0.02) o + (0.59 + 0.01), )

with a correlation coefficient of = 0.70 and a chance probability of < 10~*. The correlation
analysis suggests that there is a linear correlation betwgeanda,, for the whole sample, as well
as for the FSRQs+LBLs sample. This provides evidence fouttiied scheme reported by Fossati
et al. (1998) and Ghisellini et al. (1998).

In addition, Figure 4 shows that the majority of FSRQs and £ Bte mixed together, which sug-
gests that they have similar spectral properties. How&igure 4 also reveals that the distribution
of HBLs in thea, versusy,, diagram is different from that of FSRQs and LBLs. This indiésathat
HBLs have different spectral properties from FSRQs and LBlhese results are consistent with the
reported results of Xie et al. (2003), who found that HBLs &Bd s are located in different regions
in theaqx — o plane, but that the LBLs and FSRQs occupy the same regioe tth- o, plane.

In addition, our results also agree with those reported byetal. (2012) and Lyu et al. (2014).

4.2 Diagram of a,, versus agy

In Figure 5,a, Versusa,y is plotted for our SDSS blazar sample. We can find that theilolist
tion of three kinds of blazars revealed from Figure 5 is samib that of Figure 4. For the whole
sample, Figure 5 shows a significant correlation betwegnand «.,, and the linear regression
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analysis yields
apx = (0.30 £ 0.01) oy + (0.36 + 0.02), (3)

with a correlation coefficient af = 0.62 and a chance probability ¢f < 10~%. Moreover, Figure 5
shows that there is a weak correlation betwegnanda,, for the FSRQs and LBLs sample, and
the linear regression analysis produces equation

ry = (0.07 £ 0.02)ctx + (0.71 £ 0.03), (4)

with a correlation coefficient of = 0.17 and a chance probability gf = 0.0016. In Figure 5, one
can note that the majority of FSRQs and LBLs also occupy threesagion, but the HBLs occupy a
separate distinct region, which is also consistent withptiegious results.

4.3 Diagram of agy Versus a;,

Based on the broadband spectral indgx versusy,,, we investigate the relationships betweep
anda,,. Figure 6 plotsy,, versusa,. A linear regression analysis shows that there is a weak or
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even no correlation between,, anda,, (r = —0.11 andp = 0.054) for the whole sample. This
independent relation is obviously inconsistent with theefming correlation revealed from Figure 4
and Figure 5. However, the correlation is significant whemstaering the FSRQs and LBLs sample,
and the linear regression analysis equation is

ox = (0.87 £ 0.07) o + (1.75 4+ 0.04), (5)

where the correlation coefficientis= —0.56 and the chance probabilityis< 10~*. This suggests
that the HBLs are different from FSRQs, but LBLs are simiaFSRQs. In addition, Figure 6 also
shows that most of the FSRQs and LBLs are located in the sagienran the . -a, plot, but
the HBLs occupy a separate distinct region in thg versusa,, plane. This is consistent with the
distribution shown in Figure 4 and Figure 5. This supporésfiregoing results: FSRQs and LBLs
have similar spectral properties, but the HBLs have dis8pectral properties.

4.4 Summary

As noted above, from Figures 4 and 5, there is a strong ctioelaetween,, anda,,, as well as
between,, versusa.y for the whole sample, which provides some more evidencenfconclu-
sion reported by Fossati et al. (1998) and Ghisellini et1898); namely, there is a unified scheme
for blazars. On the other hand, from Figures 4, 5 and 6, oneothat there are also some dif-
ferent distributions from the blazar sequence reporteddssé&ti et al. (1998) and Ghisellini et al.
(1998). In the color-color diagram, HBLs and FSRQs occupasate regions, while the LBLs and
FSRQs are mixed together, which is consistent with whatpsnted in some literature (e.g. Chen
etal. 2013; Fan etal. 2012; Li et al. 2010; Lyu et al. 2014;e&tial. 2003). This suggests that FSRQs
and LBLs have similar properties, but HBLs have distinctpendies.

5 DISCUSSION AND CONCLUSIONS

Based on the Slew Survey, the 1Jy samples of BL Lacs and thes@dple of FSRQs, Fossati
et al. (1998) studied the systematics of the SEDs of blazsirgyudata from the radio to theray
band, and found that three different kinds of blazars followalmost continuous spectral sequence:
from FSRQs through LBLs to HBLs. Ghisellini & Tavecchio (&)Gevisited the so called “blazar
sequence,” and proposed that the power of the jet and the $EDeamission are linked to the two
main parameters of the accretion process. A similar trerglalso obtained by other authors (e.g.
Xie et al. 2003; Sambruna et al. 1996; Ghisellini et al. 19B@ttcher & Dermer 2002; Maraschi
et al. 2008) who found that similar physical processes dpenathree kinds of blazars. However,
Antodn & Browne (2005) found that there are selection efféot the “blazars sequence.” Moreover,
some authors have found that HBLs do not follow the blazausecge (e.g. Chen et al. 2013; Fan
et al. 2012; Giommi et al. 2005; Li et al. 2010; Padovani e2803; Padovani 2007) .

In this paper, we computed the distributions of the radicb(&Hz), optical (at 500®) and
X-ray (at 1keV) luminosities. The distributions of lumintiss reveal that luminosity is both an
important parameter to distinguish FSRQs from BL Lac olsjecid the distributions are continuous
for the three kinds of blazars. The luminosities of FSRQslanmger than those of BL Lac objects,
which is in good agreement with the arguments reported bgraththors (Abdo et al. 2009; Fossati
et al. 1998; Ghisellini et al. 1998; Sambruna et al. 1996) distributions of radio luminosity
support the blazar sequence reported by Fossati et al. Y 2@@8Ghisellini et al. (1998). However,
the distributions of optical and X-ray luminosities do nopport this sequence.

The broadband energy distribution shows that three kinbtaahrs have different spectral prop-
erties. It also shows that most FSRQs and LBLs are mixedhegét the color-color diagram (see
Figs. 4, 5 and 6), which is consistent with previous restgs(et al. 2012; Li et al. 2010; Sambruna
et al. 1996; Xie et al. 2003; Zheng et al. 2007). This suggaststhey have similar spectral proper-
ties, which provide more evidence for the conclusion of thiied scheme. However, the location of
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HBLs is separate from that of FSRQs and LBLs in the colorHcdiagram, which reveals that HBLs
have different SEDs from FSRQs and LBLs. This suggests Heatdsults from the SDSS sample
do not support the so called “blazar sequence,” which isistard with the results reported by other
authors (Anton & Browne 2005; Fan et al. 2012; Chen et al.32Q1 et al. 2010; Padovani et al.
2003; Padovani 2007; Zhang et al. 2013). The spectral seguatained by Fossati et al. (1998)
may be related to the selection effects, because the samgdddy Fossati et al. (1998) are classic,
high flux limited surveys in the radio and X-ray (Anton & Brae 2005). The sample that we used
in this paper is a large sample that includes 606 blazars;hwten provide an unbiased view of
the spectral properties of quasars. Moreover, Figure % phat relations between the redshift and
spectral indices. Figure 7 shows that the spectral indieemdependent of redshift, which suggests
that the selection effects in our sample are weak.

Ghisellini et al. (1998) suggested the level of cooling iBedent for different subclasses of
blazars. FSRQs suffer stronger cooling and synchrotrossari peaks at a much lower frequency.
However, the cooling is less important for HBLs, and the gagc particles can produce synchrotron
and IC emissions up to high frequency. The level of cooling®RQs is stronger than that of HBLS,
which may be due to the external radiation field (Ghisellineke 1998). Georganopoulos et al.
(2001) suggested that the radiating jet plasma in weak ssuscoutside the broad line scattering
region (BLR), but it is within in the power source. This ingsithat the location of the emitting
region between HBLs and FSRQs might be very different (Coatde 2009). The jet energy of
FSRQs would dissipate within the BLR, leading the high epetgctrons in the jet to suffer greater
cooling (Chen & Bai 2011). Ghisellini et al. (2010) suggestieat they-ray emission from FSRQs
is likely from the Compton scattering of an external radiatsource, while for HBLs the SSC is
able to provide a good fit to the-ray emission. In addition, based on the physical propexie
relativistic jets, Yan et al. (2014) found that the one-z&$ model can successfully fit the SEDs
of HBLs, but fails to explain the SEDs of LBLs. Moreover, thaigo suggest that the ratios of the
Compton to the synchrotron peak energy fluxes of LBLs aretgréhan those of HBLs and LBLs,
and then LBLs are Compton dominated (Yan et al. 2014). Thigssts that there is an external
radiation field for LBLs. Therefore, the levels of cooling BERQs and LBLs are stronger than
those of HBLs, which leads us to conclude the synchrotrossiomn peaks of FSRQs and LBLs are
lower than those of HBLs. Abdo et al. (2010) found FSRQs antld Bre low synchrotron peaked
blazars, while HBLs are high synchrotron peaked blazars.dtal. (2012) suggested that if the
synchrotron peak frequency moves to a lower frequency,ttheiC peak frequency may also move
to a lower frequency. Thus, the X-rays produced by LBLs anB®S come from the combination
of synchrotron emission and the IC emission, while the Xsrggnerated by HBLs come from the
synchrotron emission of very high energy electrons (Abdal.€2010; Fan et al. 2012). In addition,
the different SEDs between HBLs, FSRQs and LBLs may be rtlatethe different intrinsical
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environments around the blazar’s nucleus. The intringoalronments of FSRQs and HBLs have
a clear physical difference: the environment of HBLs is &ler” than that of FSRQs (Costamante
2009). The central regions of FSRQs are rich in gas and distjvieads to a higher accretion rate
onto the central supermassive black hole (Bottcher & Der20€2). Moreover, the material would
efficiently reprocess and scatter radiation from the ammratisk. This would lead to the observed
strong optical emission lines in the BLR and to a high energysity of the external soft-photon
field in the jet (Bottcher & Dermer 2002).

Although HBLs have different SEDs from FSRQs and LBLs, tlymgicant correlation revealed
from Figures 4 and 5 suggests that there is a unified scherttesfarhole sample, which is consistent
with the previous conclusion reported by other authors (&strhet al. 1997; Fossati et al. 1998;
Ghiselliniet al. 1998; Li et al. 2010; Sambruna et al. 199&;&t al. 2001, 2003). This hints that there
are similar physical processes operating in all these thjét the case of the blazar-type sources
where the emission is usually associated with a stream fraetativistic jet, the overall spectrum is
determined by the energy spectrum of the electrons as whi} #ee variation of physical quantities
along the jet (Begelman et al. 1984). HBLs, LBLs and FSRQ< lzsignificant correlation in the
color-color diagram (see Figs. 4 and 5), which implies tivailar physical processes operate in all
objects under a range of intrinsic physical conditions aarbieg parameters. On the other hand,
the difference among three subclasses of blazars, as eevfaim the color-color diagram (see
Figs. 4, 5 and 6), could be attributed to the different leweélsooling and the intrinsically different
environments around the blazars’ nucleus for differentkagses of blazars, which leads to different
optical and X-ray spectra for different kinds of blazars.
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