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Abstract We examine the scenario that the Doppler factor determines the observational differences of

blazars. Significantly negative correlations are found between the observational synchrotron peak frequency

and the Doppler factor. After correcting the Doppler boosting, the intrinsic peak frequency has a tight linear

relation with the Doppler factor. It is interesting that this relation is consistent with the scenario that the

black hole mass governs both the bulk Lorentz factor and the synchrotron peak frequency. In addition, the

distinction between the kinetic jet powers of BL Lac objects and flat spectrum radio quasars disappears

after the boosting factor δ2 is considered. The negative correlation between the peak frequency and the

observational isotropic luminosity, known as the blazar sequence, also disappears after the Doppler boosting

is corrected. We also find that the correlation between the Compton dominance and the Doppler factor

exists for all types of blazars. Therefore, this correlation is unsuitable for examining the external Compton

emission dominance.
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1 INTRODUCTION

Blazars are the most extreme subclass of active galactic

nuclei (AGNs). Their radiation is dominated by the non-

thermal emission of a relativistic jet having a small view-

ing angle with respect to our line of sight. The spectral

energy distributions (SEDs) of blazars show two peaks (in

the ν−νLν diagram) which are believed to be produced by

synchrotron and inverse Compton (IC) processes, respec-

tively. However, whether external photons outside the jet

participate in the IC process is still an open question (e.g.,

Chen & Bai 2011; Meyer et al. 2012).

Blazars are classified as flat spectrum radio quasars

(FSRQs) and BL Lac objects (BL Lacs) by their optical

spectra. They can also be classified as low synchrotron

peaked blazars (LSPs), intermediate synchrotron peaked

blazars (ISPs) and high synchrotron peaked blazars (HSPs)

based on the synchrotron peak frequency (Abdo et al.

2010). An alternative classification based on the ratio of

broad line luminosity to Eddington luminosity was pro-

posed by Ghisellini et al. (2011). This classification con-

siders the potential selection effect on the equivalent width

(EW) measurement of broad lines due to the Doppler

boosting effect, and links the observational classification

to accretion regimes. On the other hand, the blazar se-

quence based on bolometric luminosity was put forward

to unify the observational differences of blazars (Fossati

et al. 1998). The negative correlations between the peak

frequency and luminosity, as well as the Compton dom-

inance (CD), are explained as increased cooling from

external photons outside the jet with increasing lumi-

nosity (Ghisellini et al. 1998). However, later studies

showed that the blazar sequence was an artefact of Doppler

boosting (Nieppola et al. 2008) or redshift selection ef-

fects (Giommi et al. 2012), and sources with both high lu-

minosity and high peak frequency which break the blazar

sequence exist (e.g., Padovani et al. 2012; Ackermann

et al. 2015). To improve the simple blazar sequence, Meyer

et al. (2011) proposed a concept named “blazar envelope”

which considered the jet power and the orientation effect.

According to the blazar envelope, blazars are composed

of two populations divided by jet power, and an envelope

forms due to different orientations for various sources.

Since its launch in 2008, the Large Area Telescope

(LAT) onboard the Fermi Gamma-ray Space Telescope

(Fermi) has detected 1444 AGNs in the Third LAT AGN

catalog (3LAC) clean sample (Ackermann et al. 2015). The

broad energy range and high accuracy of LAT promote

deep understandings of both the radiation mechanism (e.g.

Chen & Bai 2011; Meyer et al. 2012) and the classification

of blazars (e.g. Ghisellini et al. 2009, 2011). However, it is

still uncertain if the differences in blazars are determined
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by their different physical features or by observational ef-

fects (such as their orientation). Moreover, it also needs to

be verified if there are one or more factors that affect blazar

classifications.

Distinctions in Doppler boosting have been discov-

ered for different subclasses of blazars, such as BL Lacs

and FSRQs (Hovatta et al. 2009), or X-ray-selected BL

Lacs and radio-selected BL Lacs (Ghisellini et al. 1993).

Stronger Doppler boosting was also suggested to explain

γ-ray detected blazars by many papers (e.g. Kovalev et al.

2009; Lister et al. 2009a; Savolainen et al. 2010; Lister

et al. 2015). Furthermore, the blazar sequence was found to

be an artefact of Doppler boosting (Nieppola et al. 2008).

These results indicate that the observational differences

shown by blazars could be determined by the Doppler fac-

tor. Thus, this work aims to identify this scenario. Our pa-

per is organized as follows. In Section 2, we examine the

connection between the Doppler factor and the synchrotron

peak frequency. Section 3 presents the impact on jet power

due to the Doppler factor. The Doppler-corrected blazar se-

quence is discussed in Section 4. In Section 5, we recheck

its validity by examining the external Compton (EC) domi-

nance with the correlation between CD and Doppler factor.

Discussions are presented in Section 6. In this paper, we

use a ΛCDM cosmology model with h = 0.71, Ωm = 0.27
and ΩΛ = 0.73 (Komatsu et al. 2009).

2 SYNCHROTRON PEAK FREQUENCY VERSUS

DOPPLER FACTOR

The SED classification of blazars is based on the syn-

chrotron peak frequency. The synchrotron peak frequency,

νS,p ∝ γ2
bBδ, is related to the electron distribution and

the magnetic field strength of the emission region (where

γb is the break energy of the electron spectrum, B is the

magnetic field strength and δ is the Doppler factor; see

e.g. Tavecchio et al. 1998). In order to constrain the ef-

fect on blazar classification due to the Doppler factor, we

first examine the correlation between Doppler factor and

synchrotron peak frequency. Because the Doppler factor is

determined by both the bulk Lorentz factor and the viewing

angle (δ = [Γ(1 − β cos θ)]−1, where β is the bulk veloc-

ity in the unit of the speed of light, Γ is the bulk Lorentz

factor of a relativistic jet and θ is the viewing angle), the

wide distribution of these two parameters for both high and

low peaked sources has a major impact on the correlation

between peak frequency and Doppler factor. Many stud-

ies have demonstrated that γ-ray detected sources exhibit

smaller viewing angles (e.g. Savolainen et al. 2010). Thus,

less aligned sources are generally excluded from a γ-ray

selected sample. For such a sample, the Doppler factor is

mainly determined by an intrinsic feature of jet physics,

i.e. the bulk Lorentz factor. Therefore, throughout this pa-

per, we just deal with the γ-ray selected samples and the

approximation δ ∼ Γ ∼ 1/θ is used.

2.1 Parameter Estimations

The 3LAC provides an ideal γ-ray data set to cross-match

with samples in other bands. In the 3LAC, Ackermann

et al. (2015) listed the synchrotron peak frequency esti-

mated by the third-degree polynomial fit. Meanwhile, an-

other method based on the empirical relations proposed

by Abdo et al. (2010) was often used in related litera-

tures. Ackermann et al. (2015) compared these two meth-

ods and concluded that the average offset between the

peak frequencies estimated by these two methods was less

than 0.26 dex. Because we need to estimate the bolo-

metric luminosity and CD in the following sections, we

use the empirical relations in Abdo et al. (2010) to esti-

mate the synchrotron peak frequency throughout this pa-

per. The k-correction is applied as νS,p = ν
′

S,p(1+z). The

Doppler-corrected intrinsic peak frequency is calculated

with νS,int = νS,p/δ. Because the estimation of Doppler

factor has large uncertainties and strong dependence on

the observational epoch and frequency (Lähteenmäki &

Valtaoja 1999), we use two groups of Doppler factors

estimated through two independent methods in this pa-

per. These two groups of results can be cross-checked.

For the first method, the brightness temperature is ob-

tained by fitting the variability timescale of radio flux

(Lähteenmäki & Valtaoja 1999), then the Doppler fac-

tor is calculated as (Tvar/Teq)
1/3 (hereafter δvar), where

Teq = 5 × 1010 K is the equipartition brightness tem-

perature (Readhead 1994). For the other method, the core

brightness temperature is obtained by fitting the minimum

observable size (Readhead 1994), then δ = Tcore/Teq

(hereafter δeq).

Considering the possible variability of the Doppler

factors, we search the archive for the Doppler factor during

the Fermi era. δvar is derived from Hovatta et al. (2009).

Hovatta et al. (2009) estimated δvar for 89 objects (two

objects were added from Savolainen et al. 2010). Among

them, 62 have redshift measurements and estimations of

νS,p in the 3LAC clean sample. There are 39 FSRQs, 16

LSP-BL Lacs (LBLs), four ISP BL Lacs (IBLs), one HSP-

BL Lacs (HBLs) and two AGNs of other types in this

cross-matched sample. Linford et al. (2012) observed 232

AGNs with the Very Long Baseline Array at 5 GHz from

2009 to 2010, and obtained their core brightness temper-

ature. We estimate δeq with the method described above.

νS,p is obtained for 139 sources from this sample. Of these

139 sources, there are 85 FSRQs, 19 LBLs, 13 IBLs, 16

HBLs and six AGNs of other types. The details of these

two samples are listed in Table 1. The two groups of

Doppler factors have very different distributions (Fig. 1),

and values of δvar are larger than those of δeq to some ex-

tent. δvar is derived from long term radio monitoring. The

targets for monitoring are biased toward brighter and more

variable sources (Lister et al. 2009b), which makes HBLs

and IBLs rare in that sample. Therefore, the sources with

δvar tend to have large Doppler factors. On the other hand,

δeq estimation is only reliable for low redshift sources, and
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Table 1 Source Data

3FGL name z opt. SED νS,p CD δvar νS,int Lbol Pj,int δeq νS,int Lbol Pj,int

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

J0006.4+3825 0.23 FSRQ LSP 13.58 0.77 - - - - −0.14 13.72 46.25 -

J0050.6−0929 0.63 BL Lac ISP 14.88 −0.74 0.98 13.90 39.38 42.35 - - - -

J0058.3+3315 1.37 FSRQ LSP 13.51 0.45 - - - - 0.73 12.79 41.10 -

J0108.7+0134 2.10 FSRQ LSP 13.50 0.37 1.26 12.24 38.78 43.93 - - - -

J0109.1+1816 0.44 BL Lac HSP 15.96 −1.28 - - - - −0.49 16.45 48.96 -

J0112.1+2245 0.26 BL Lac ISP 15.02 −0.33 0.96 14.06 38.57 41.83 0.02 15.00 45.11 43.70

J0112.8+3207 0.60 FSRQ ISP 14.86 −0.22 - - - - −0.08 14.95 46.84 45.37

J0113.4+4948 0.39 FSRQ LSP 13.26 −0.15 - - - - −0.16 13.42 46.14 -

J0137.0+4752 0.86 FSRQ LSP 13.63 0.14 1.32 12.31 37.15 42.15 0.72 12.91 41.34 43.34

J0151.6+2205 1.32 FSRQ LSP 13.45 0.68 0.71 12.74 42.09 - - - - -

J0204.8+3212 1.47 FSRQ LSP 13.76 2.57 - - - - 1.40 12.36 39.14 42.53

J0217.5+7349 2.37 FSRQ LSP 13.90 2.17 0.93 12.97 43.02 43.15 0.41 13.49 46.67 44.19

J0221.1+3556 0.94 FSRQ LSP - - - - - - −1.17 - - 47.91

J0222.6+4301 0.44 BL Lac HSP 14.83 −0.51 0.41 14.41 43.42 44.60 - - - -

J0237.9+2848 1.21 FSRQ LSP 13.39 0.56 1.21 12.19 38.69 43.18 0.48 12.92 43.79 44.64

J0238.6+1636 0.94 BL Lac LSP 13.86 −0.04 1.38 12.48 37.02 41.96 0.42 13.43 43.71 43.87

J0245.4+2410 2.24 FSRQ LSP 13.36 1.07 - - - - −1.26 14.62 56.33 -

J0310.8+3814 0.94 FSRQ LSP 13.96 0.15 - - - - 0.71 13.25 41.03 -

J0325.2+3410 0.06 NLSY1 HSP 15.23 1.13 - - - - −0.37 15.59 47.77 -

J0325.5+2223 2.07 FSRQ LSP 13.41 1.61 - - - - 0.44 12.97 44.96 -

J0339.5−0146 0.85 FSRQ LSP 13.40 0.24 1.24 12.16 37.91 42.83 - - - -

J0423.2−0119 0.92 FSRQ LSP 13.67 −0.08 1.30 12.37 37.58 42.64 - - - -

J0433.6+2905 0.97 BL Lac LSP 14.99 −0.51 - - - - −0.08 15.07 47.05 -

J0449.0+1121 2.15 FSRQ LSP 13.81 1.02 - - - - 0.39 13.41 45.14 44.43

J0501.2−0157 2.29 FSRQ LSP 13.18 0.35 1.20 11.98 39.09 43.90 - - - -

J0509.3+1012 0.62 FSRQ LSP 13.71 0.66 - - - - −0.10 13.81 46.78 -

J0510.0+1802 0.42 FSRQ LSP 13.26 0.35 - - - - −0.14 13.40 46.38 -

J0530.8+1330 2.07 FSRQ LSP 13.27 0.97 1.49 11.77 37.32 42.93 0.43 12.84 44.79 45.06

J0608.0−0835 0.87 FSRQ ISP 13.98 −0.28 0.88 13.10 40.40 43.66 - - - -

J0612.8+4122 - BL Lac ISP - - - - - - 0.02 - - 43.70

J0638.6+7324 1.85 FSRQ LSP 13.62 0.72 - - - - −0.02 13.65 47.59 -

J0650.7+2503 0.20 BL Lac HSP 16.32 −0.72 - - - - −1.15 17.48 53.13 -

J0654.4+4514 0.93 FSRQ LSP - - - - - - −0.48 - - 46.05

J0654.4+5042 1.25 FSRQ ISP 14.37 −0.25 - - - - −0.34 14.71 48.58 44.29

J0710.5+4732 1.29 BL Lac ISP 14.37 0.37 - - - - 0.12 14.25 46.40 45.35

J0712.6+5033 0.50 BL Lac LSP 13.66 0.06 - - - - 0.09 13.57 44.48 -

J0719.3+3307 0.78 FSRQ ISP 13.80 0.52 - - - - 0.30 13.50 43.90 -

J0721.9+7120 0.13 BL Lac LSP 14.56 0.07 1.04 13.52 37.52 42.69 1.17 13.39 36.59 42.42

J0725.2+1425 1.04 FSRQ ISP 13.60 0.28 - - - - −0.12 13.72 47.43 -

J0738.1+1741 0.42 BL Lac LSP 14.16 −0.67 0.58 13.58 41.85 43.31 −0.55 14.72 49.78 45.58

J0739.4+0137 0.19 FSRQ ISP 13.58 0.29 0.93 12.64 38.64 42.23 - - - -

J0742.6+5444 0.72 FSRQ ISP 13.85 0.50 - - - - 0.95 12.89 39.32 -

J0746.4+2540 2.98 FSRQ LSP 13.50 3.10 - - - - 0.88 12.62 43.65 -

J0750.6+1232 0.89 FSRQ LSP 13.49 −0.16 - - - - 0.82 12.67 40.55 -

J0757.0+0956 0.27 BL Lac LSP 14.37 −0.78 0.75 13.62 39.98 42.84 - - - -

J0805.4+6144 3.03 FSRQ LSP 13.27 1.76 - - - - 0.02 13.24 48.47 -

J0809.6+3456 0.08 BL Lac HSP 15.45 −1.36 - - - - −0.42 15.87 47.01 -

J0809.8+5218 0.14 BL Lac HSP 15.66 −0.53 - - - - −1.25 16.91 53.40 45.79

J0814.7+6428 0.24 BL Lac LSP 14.32 0.39 - - - - 0.16 14.16 43.48 -

J0816.7+5739 - BL Lac HSP - - - - - - −2.00 - - 48.01

J0818.2+4223 0.53 BL Lac LSP 13.57 −0.03 0.66 12.91 41.11 43.08 0.80 12.77 40.14 42.81

J0824.9+5551 1.42 FSRQ LSP 13.50 0.58 - - - - −0.12 13.62 48.01 -

J0830.7+2408 0.94 FSRQ LSP 13.73 1.01 1.12 12.61 39.18 42.99 0.92 12.81 40.57 43.38

J0834.1+4223 0.25 FSRQ ISP 13.82 0.26 - - - - −0.11 13.92 45.48 44.40

J0841.4+7053 2.22 FSRQ LSP 13.47 1.98 1.21 12.26 40.79 43.55 −0.71 14.17 54.21 47.38

J0850.2−1214 0.57 FSRQ LSP 13.72 0.26 1.22 12.51 37.06 - - - - -

J0854.8+2006 0.31 BL Lac LSP 14.20 −0.42 1.23 12.97 36.89 41.71 0.80 13.39 39.89 42.57

J0915.8+2933 - BL Lac HSP - - - - - - −0.59 - - 44.93

J0920.9+4442 2.19 FSRQ LSP 13.72 0.38 - - - - −0.14 13.87 48.43 46.13

J0921.8+6215 1.45 FSRQ LSP 13.51 0.30 - - - - 0.50 13.01 43.32 44.66

Column (1) is the source name in the third Fermi-LAT catalog (3FGL, Acero et al. 2015). Columns (2)–(4) give the redshift, optical type and

the SED classification in the 3LAC respectively. Column (5) and Column (6) are the k-corrected synchrotron peak frequency in the unit of

Hz and the CD respectively. Column (7) is the Doppler factor estimated from radio variability. Columns (8)–(10) are the Doppler-corrected

intrinsic synchrotron peak frequency in the unit of Hz, intrinsic luminosity in the unit of erg s−1 and intrinsic jet power in the unit of erg s−1

calculated with δvar respectively. Column (11) is the Doppler factor derived from VLBI observations. Columns (12)–(14) are the Doppler-

corrected intrinsic synchrotron peak frequency in the unit of Hz, intrinsic luminosity in the unit of erg s−1 and intrinsic jet power in the unit of

erg s−1 calculated with δeq respectively. All of the values except redshift are in logarithmic space.
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Table 1 — Continued.

3FGL name z opt. SED νS,p CD δvar νS,int Lbol Pj,int δeq νS,int Lbol Pj,int

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

J0929.4+5013 - BL Lac ISP - - - - - - −0.02 - - 44.13

J0937.7+5008 0.28 FSRQ LSP 13.62 0.01 - - - - 0.32 13.29 42.18 -

J0945.9+5756 0.23 BL Lac ISP 14.36 −0.12 - - - - −0.48 14.84 47.79 44.79

J0948.6+4041 1.25 FSRQ LSP 13.51 0.50 0.81 12.71 41.39 44.04 - - - -

J0957.6+5523 0.90 FSRQ ISP 13.38 −0.15 - - - - −1.70 15.08 58.42 48.96

J0958.6+6534 0.37 BL Lac LSP 14.15 −0.20 0.79 13.35 39.90 42.84 1.01 13.14 38.41 42.41

J1012.6+2439 1.80 FSRQ LSP 13.86 0.83 - - - - −0.95 14.81 53.44 -

J1015.0+4925 0.21 BL Lac HSP 15.53 −0.49 - - - - −0.80 16.33 50.84 -

J1033.2+4116 1.12 FSRQ LSP 13.28 0.29 - - - - 1.65 11.63 34.66 42.06

J1033.8+6051 1.40 FSRQ LSP 13.66 0.37 - - - - −0.51 14.17 50.21 46.53

J1037.5+5711 - BL Lac ISP - - - - - - −0.46 - - 44.26

J1043.1+2407 0.56 FSRQ LSP 14.72 −0.76 - - - - 0.40 14.32 42.89 -

J1048.4+7144 1.15 FSRQ LSP 13.69 0.45 - - - - 0.34 13.35 44.35 -

J1058.5+0133 0.89 BL Lac LSP 13.52 −0.20 1.09 12.43 38.98 43.44 - - - -

J1058.6+5627 0.14 BL Lac HSP 15.04 −0.44 - - - - −0.41 15.45 47.37 44.51

J1104.4+3812 0.03 BL Lac HSP 16.43 −0.56 - - - - 0.22 16.21 42.68 42.83

J1105.9+2814 0.84 FSRQ LSP 13.91 0.59 - - - - 0.65 13.25 41.58 -

J1112.4+3449 1.96 FSRQ LSP 13.83 0.64 - - - - 0.11 13.73 46.12 -

J1117.0+2014 0.14 BL Lac HSP 16.35 −1.07 - - - - −0.59 16.94 48.83 -

J1124.1+2337 1.55 FSRQ LSP 13.26 0.32 - - - - 0.14 13.11 45.55 -

J1136.6+7009 0.05 BL Lac HSP 15.87 −1.38 - - - - −0.30 16.17 45.97 44.08

J1150.3+2417 0.18 BL Lac ISP 13.68 −0.45 - - - - −0.05 13.73 44.83 -

J1151.4+5858 - BL Lac ISP - - - - - - −1.11 - - 46.12

J1154.3+6023 1.12 FSRQ LSP 13.71 1.58 - - - - 0.90 12.81 40.65 42.72

J1159.5+2914 0.73 FSRQ LSP 13.25 0.20 1.45 11.79 36.08 42.52 1.67 11.57 34.54 42.08

J1203.1+6029 0.07 BL Lac ISP 14.65 −0.65 - - - - −0.26 14.91 45.26 43.97

J1209.4+4119 - BL Lac LSP - - - - - - −0.24 - - 43.62

J1217.8+3007 0.13 BL Lac HSP 15.86 −0.99 - - - - 0.17 15.70 43.88 43.58

J1220.2+7105 0.45 FSRQ ISP - - - - - - 0.30 - - 44.06

J1221.4+2814 0.10 BL Lac ISP 14.20 −0.38 0.08 14.12 43.68 41.98 −0.14 14.34 45.19 42.42

J1224.6+4332 - BL Lac LSP - - - - - - −0.20 - - 46.14

J1224.9+2122 0.44 FSRQ LSP 13.78 0.57 0.72 13.06 41.29 43.95 0.90 12.88 40.00 43.58

J1229.1+0202 0.16 FSRQ LSP 13.34 0.52 1.23 12.11 37.75 43.04 - - - -

J1230.3+2519 0.14 BL Lac ISP 14.89 −0.64 - - - - −0.40 15.30 47.16 -

J1231.7+2847 0.24 BL Lac ISP 15.19 −0.44 - - - - −0.58 15.77 48.86 46.37

J1243.1+3627 - BL Lac HSP - - - - - - −0.76 - - 45.23

J1248.2+5820 - BL Lac ISP - - - - - - −0.11 - - 44.73

J1253.2+5300 - BL Lac LSP - - - - - - −0.24 - - 44.64

J1256.1−0547 0.54 FSRQ LSP 12.87 0.48 1.38 11.49 36.92 42.97 - - - -

J1258.1+3233 0.81 FSRQ LSP 13.42 0.20 - - - - −0.16 13.57 47.10 -

J1303.0+2435 0.99 BL Lac LSP 14.03 0.30 - - - - 0.48 13.55 42.55 -

J1308.7+3545 1.05 FSRQ LSP 13.37 0.25 - - - - 0.81 12.56 40.20 -

J1310.6+3222 1.00 FSRQ LSP 13.53 −0.12 1.19 12.34 38.17 42.99 1.12 12.41 38.65 43.13

J1312.7+4828 0.64 AGN LSP 13.17 0.74 - - - - −1.49 14.67 56.10 -

J1317.8+3429 1.05 FSRQ LSP 13.53 0.36 - - - - −0.05 13.58 46.70 45.65

J1326.8+2211 1.40 FSRQ LSP 13.43 0.47 1.33 12.10 37.56 42.46 1.39 12.04 37.13 42.34

J1331.8+4718 0.67 FSRQ LSP 14.35 0.17 - - - - 0.41 13.94 42.97 -

J1333.7+5057 1.36 FSRQ ISP 14.13 1.07 - - - - −0.53 14.67 50.35 -

J1337.6−1257 0.54 FSRQ LSP 13.37 −0.13 0.92 12.45 39.54 43.31 - - - -

J1345.6+4453 2.53 FSRQ LSP 13.55 1.04 - - - - 0.63 12.92 43.15 -

J1350.8+3035 0.71 FSRQ LSP 13.87 0.15 - - - - −0.18 14.06 47.08 -

J1357.6+7643 1.59 FSRQ LSP 13.08 0.44 - - - - 0.23 12.85 45.02 -

J1359.0+5544 1.01 FSRQ ISP 13.53 1.35 - - - - 0.10 13.43 45.89 -

J1416.0+1325 0.25 BCU I LSP 13.55 −0.55 1.09 12.46 37.22 - - - - -

J1419.9+5425 0.15 BL Lac LSP 13.98 −0.54 0.71 13.27 39.51 42.37 - - - -

J1427.0+2347 - BL Lac HSP - - - - - - −0.62 - - 45.45

J1434.1+4203 1.24 FSRQ LSP - - - - - - −0.52 - - 46.39

J1436.8+2322 1.54 FSRQ LSP 13.49 −0.17 - - - - 0.75 12.74 41.35 -

J1438.7+3710 2.40 FSRQ LSP 12.95 0.86 - - - - 0.66 12.29 42.43 -

J1443.9+2502 0.94 FSRQ - 13.42 −0.19 - - - - 0.36 13.06 43.20 -

J1454.5+5124 - BL Lac ISP - - - - - - −0.93 - - 47.13

J1504.4+1029 1.84 FSRQ LSP 13.49 0.75 1.08 12.41 40.09 43.49 −0.15 13.64 48.70 45.95

J1506.1+3728 0.67 FSRQ LSP 12.89 0.35 - - - - 0.23 12.66 44.19 -

J1512.8−0906 0.36 FSRQ LSP 13.58 0.96 1.22 12.36 37.89 42.48 - - - -

J1516.9+1926 - BL Lac LSP - - - - - - 0.66 - - 42.75

J1522.1+3144 1.49 FSRQ LSP 13.42 1.58 - - - - 0.35 13.07 45.09 -

J1539.5+2746 2.19 FSRQ ISP 14.21 −0.31 - - - - 0.29 13.93 44.65 -

J1540.8+1449 0.61 BL Lac LSP 13.58 −0.81 0.63 12.94 41.32 43.99 - - - -

J1542.9+6129 - BL Lac ISP - - - - - - −0.32 - - 43.83
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Table 1 — Continued.

3FGL name z opt. SED νS,p CD δvar νS,int Lbol Pj,int δeq νS,int Lbol Pj,int

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

J1553.5+1256 1.31 FSRQ ISP 13.80 0.15 - - - - −0.62 14.42 51.10 46.75

J1604.6+5714 0.72 FSRQ ISP 13.70 0.41 - - - - −0.69 14.39 50.93 -

J1607.0+1551 0.50 FSRQ LSP 13.36 0.17 - - - - −0.20 13.56 46.84 45.21

J1608.6+1029 1.23 FSRQ LSP 13.39 0.98 1.40 11.99 37.53 42.49 −0.08 13.47 47.90 45.46

J1613.8+3410 1.40 FSRQ LSP 13.43 −0.80 1.14 12.29 38.95 43.03 −0.15 13.57 47.93 45.59

J1630.6+8232 0.02 RDG LSP 14.29 −0.94 - - - - −0.55 14.84 46.59 -

J1635.2+3809 1.81 FSRQ LSP 13.45 0.74 1.33 12.12 38.44 42.96 - - - -

J1637.7+4715 0.74 FSRQ LSP 13.06 0.32 - - - - 0.18 12.88 44.75 45.06

J1637.9+5719 0.75 FSRQ ISP 13.47 1.37 1.15 12.33 39.16 - - - - -

J1640.9+1142 0.08 BCU I ISP 13.93 −0.60 - - - - −0.82 14.75 49.17 -

J1642.9+3950 0.59 FSRQ LSP 13.60 −0.29 0.89 12.71 40.26 43.96 - - - -

J1647.4+4950 0.05 BCU I LSP 14.68 0.22 - - - - −0.39 15.07 46.25 -

J1656.9+6008 0.62 FSRQ ISP 13.63 0.82 - - - - 0.16 13.47 44.93 -

J1700.1+6829 0.30 FSRQ LSP 13.36 0.87 - - - - 0.16 13.20 44.15 44.04

J1709.6+4318 1.03 FSRQ LSP 13.97 0.79 - - - - −0.36 14.33 48.88 -

J1719.2+1744 0.14 BL Lac LSP 13.32 −0.27 - - - - 0.52 12.79 40.32 42.51

J1722.7+1014 0.73 FSRQ LSP 13.53 0.17 - - - - −0.41 13.94 48.78 -

J1727.1+4531 0.72 FSRQ LSP 13.70 0.52 - - - - 1.53 12.18 35.71 42.04

J1728.3+5013 0.06 BL Lac HSP 15.98 −1.42 - - - - −0.86 16.84 49.94 45.00

J1728.5+0428 0.29 FSRQ LSP 13.82 0.62 0.58 13.24 41.49 43.02 - - - -

J1730.6+3711 0.20 BL Lac ISP 14.68 −0.80 - - - - −1.42 16.10 54.18 -

J1733.0−1305 0.90 FSRQ LSP 12.44 0.36 1.03 11.41 39.40 43.66 - - - -

J1734.3+3858 0.98 FSRQ LSP 13.27 0.31 - - - - 0.39 12.88 43.56 -

J1740.3+5211 1.38 FSRQ LSP 13.91 0.32 1.42 12.48 36.98 42.52 - - - -

J1742.2+5947 - BL Lac ISP - - - - - - −0.50 - - 44.38

J1743.9+1934 0.08 BL Lac HSP 15.23 −1.28 - - - - −0.65 15.87 48.64 45.11

J1744.3−0353 1.06 FSRQ LSP 13.26 −0.57 1.29 11.97 37.13 - - - - -

J1748.6+7005 0.77 BL Lac LSP 14.57 −0.49 - - - - −0.24 14.81 47.98 45.33

J1749.1+4322 - BL Lac LSP - - - - - - 0.11 - - 43.81

J1751.5+0939 0.32 BL Lac LSP 13.85 0.03 1.08 12.77 37.67 42.70 - - - -

J1800.5+7827 0.68 BL Lac LSP 13.76 −0.23 1.09 12.67 38.67 42.71 0.41 13.35 43.42 44.06

J1806.7+6949 0.05 BL Lac ISP 14.20 −0.66 0.04 14.16 43.52 43.87 −0.05 14.25 44.16 44.05

J1813.6+3143 0.12 BL Lac ISP 14.81 −0.75 - - - - −0.58 15.39 48.12 44.78

J1824.2+5649 0.66 BL Lac LSP 13.73 0.23 0.81 12.92 40.66 43.79 0.56 13.17 42.37 44.28

J1829.6+4844 0.69 SSRQ LSP 13.32 −0.89 0.76 12.56 41.36 - - - - -

J1848.4+3216 0.80 FSRQ LSP 13.28 0.77 - - - - −0.15 13.43 47.31 -

J1849.2+6705 0.66 FSRQ LSP 13.84 0.25 - - - - 0.89 12.95 39.76 43.62

J1852.4+4856 1.25 FSRQ LSP 13.53 0.58 - - - - 1.17 12.36 38.17 -

J2000.0+6509 0.05 BL Lac HSP 16.19 −0.84 - - - - −0.34 16.53 46.35 -

J2001.8+7041 0.25 BL Lac HSP 13.52 −0.18 - - - - −0.95 14.47 50.83 -

J2005.2+7752 0.34 BL Lac LSP 14.07 −0.60 1.12 12.94 37.51 42.08 0.29 13.78 43.36 43.75

J2022.5+7612 0.59 BL Lac ISP 14.51 −0.28 - - - - 0.38 14.14 43.24 -

J2031.8+1223 1.22 BL Lac LSP 14.04 −0.20 - - - - 0.98 13.06 39.85 -

J2035.3+1055 0.60 FSRQ ISP 13.90 0.22 - - - - 0.43 13.47 43.13 44.01

J2115.4+2933 1.51 FSRQ LSP 13.33 0.25 - - - - −0.84 14.17 52.54 -

J2116.1+3339 1.60 BL Lac HSP 15.35 −0.17 - - - - −1.05 16.40 54.14 -

J2121.0+1901 2.18 FSRQ ISP 13.33 0.11 - - - - −0.35 13.68 49.32 -

J2123.6+0533 1.94 FSRQ LSP 13.98 −0.92 1.18 12.79 38.55 - - - - -

J2143.5+1744 0.21 FSRQ ISP 14.23 0.78 - - - - 0.48 13.75 42.18 43.41

J2152.4+1735 0.87 BL Lac LSP 13.83 −1.27 - - - - −0.52 14.35 49.57 -

J2202.7+4217 0.07 BL Lac LSP 14.10 −0.36 0.86 13.24 38.59 41.72 - - - -

J2203.4+1725 1.08 FSRQ LSP 14.05 0.18 - - - - 0.12 13.93 45.75 45.26

J2203.7+3143 0.29 FSRQ LSP 14.52 2.25 0.83 13.70 42.23 - - - - -

J2212.0+2355 1.13 FSRQ LSP 13.31 −0.10 - - - - 0.41 12.89 43.16 -

J2217.0+2421 0.50 BL Lac LSP 14.28 −0.68 - - - - 0.82 13.46 39.83 43.14

J2225.8−0454 1.40 FSRQ LSP 13.24 −0.44 1.20 12.04 38.70 43.88 - - - -

J2229.7−0833 1.56 FSRQ LSP 13.89 1.00 1.20 12.69 39.26 42.77 - - - -

J2232.5+1143 1.04 FSRQ LSP 13.42 0.41 1.19 12.23 38.99 43.33 - - - -

J2236.3+2829 0.79 BL Lac LSP 14.08 −0.13 0.78 13.30 40.91 - 0.72 13.36 41.32 -

J2250.1+3825 0.12 BL Lac - 15.54 −0.90 - - - - −0.97 16.51 50.96 -

J2251.9+4031 0.23 BL Lac ISP 14.25 0.03 - - - - −0.74 14.99 49.54 -

J2254.0+1608 0.86 FSRQ LSP 13.64 0.76 1.52 12.12 37.12 42.82 1.07 12.57 40.26 43.71

J2311.0+3425 1.82 FSRQ LSP 13.72 0.47 - - - - 0.06 13.66 46.84 45.66

J2321.9+2732 1.25 FSRQ LSP 13.63 −0.58 - - - - −0.07 13.70 47.00 -

J2321.9+3204 1.49 FSRQ LSP 13.59 0.36 - - - - 0.67 12.92 41.76 -

J2322.5+3436 0.10 BL Lac HSP 15.27 −0.27 - - - - −0.87 16.14 50.06 -
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it can underestimate the real Doppler factor (see detailed

discussions in Sect. 2.2).

2.2 Results

The scatters of νS,p versus δvar and νS,p versus δeq are plot-

ted in Figure 1. The synchrotron peak frequency νS,p is

negatively correlated with Doppler factor for both δvar and

δeq, with the correlation coefficient of Spearman rank cor-

relation test ρ = −0.48 and the chance probability P =
8.7 × 10−5 for δvar, and ρ = −0.30 and P = 3.4 × 10−4

for δeq. In the right panel of Figure 1, there is no clear

trend for each type of source. The global correlation can

be a result of different locations of HBLs and other types

of sources (see the following for a possible explanation).

As a result of Doppler boosting, we have νS,p = δνS,int.

Thus, the observational peak frequency is expected to be

positively correlated with the Doppler factor. The opposite

trends shown in Figure 1 imply some physical connections

between the peak frequency and Doppler factor.

In order to identify the physical connections, we ap-

ply linear regressions to fit the Doppler-corrected peak fre-

quency and Doppler factor. The input uncertainties are set

to 0.3 dex for both sides (Ackermann et al. 2015; Hovatta

et al. 2009). The fitting results are

log νS,int = (−2.54± 0.54) log δvar + (15.32 ± 0.56) (1)

with intrinsic scatter 0.14 dex, and

log νS,int = (−1.83± 0.14) log δeq + (14.09 ± 0.07) (2)

with intrinsic scatter 0.44 dex. The two linear relations

are generally consistent with each other, but the latter has

a sightly flatter slope (Fig. 2). Lähteenmäki & Valtaoja

(1999) proposed that during the quiescent state of to-

tal flux density, the intrinsic brightness temperature was

smaller than the equipartition value. δeq has been estimated

through a single very long baseline interferometry (VLBI)

observation, thus it underestimates the real Doppler fac-

tor for the sources which passed the maximum phase of a

shock development. This effect may cause the flatter slope

between νS,int and δeq.

In the right panel of Figure 2, HBLs clearly show

a different trend from other types of sources. Excluding

HBLs, the correlation coefficient between peak frequency

and Doppler factor changes to −1.42, which is much flat-

ter than −1.83 in Equation (2). This implies that the un-

derestimation of the real Doppler factor is more serious for

FSRQs and LBLs than for HBLs. One interpretation is that

FSRQs and LBLs are always located at higher redshift and

are more variable.

3 JET POWER

Meyer et al. (2011) suggested kinetic jet power as an essen-

tial feature in blazar classifications. We thus build a cross-

matched sample from the 3LAC clean sample and the sam-

ple of Nemmen et al. (2012). This cross-matched sample

contains 113 FSRQs and 104 BL Lacs. The distribution

of kinetic jet power for this sample is plotted in Figure 3.

The dichotomy between FSRQs and BL Lacs is obviously

shown. The Kolmogorov-Smirnov (K-S) test confirms that

these two subclasses are drawn from distinct samples with

D = 0.67 and probability P = 1.9 × 10−22. Because the

material energy loading in jets is also boosted by the jet

speed with a factor of Γ2 (e.g. Celotti & Ghisellini 2008),

the distribution of kinetic jet power is also influenced by

the Doppler factor. We estimate the material energy in

the comoving frame (hereafter intrinsic jet power) with

Pj,int = Pj/Γ2
∼ Pj/δ2. The sample with δvar estima-

tion has 33 FSRQs and 20 BL Lacs, while 40 FSRQs and

44 BL Lacs have δeq estimations. The details of these two

samples are also combined in Table 1. The distributions of

Pj,int calculated by two groups of δ are plotted in Figure 4.

BL Lacs and FSRQs roughly have the same range of Pj,int.

The null hypotheses that FSRQs and BL Lacs are drawn

from the same distribution are not rejected by the K-S tests,

with D = 0.34, probability P = 0.09 and D = 0.18,

probability P = 0.49 for the intrinsic jet power, calcu-

lated by δvar and δeq, respectively. FSRQs and BL Lacs

are suggested to be located in distinct accretion regimes

(e.g., Ghisellini et al. 2011). If this is the case, then our

results indicate that the material energy of a jet is indepen-

dent of the accretion mode. The distinctions of jet power

between FSRQs and BL Lacs are mainly caused by the jet

speed which is related to the jet acceleration processes or

the gas environments in the host galaxies. Therefore, the

assumption that the jet power is proportional to the accre-

tion rate (e.g. Ghisellini & Tavecchio 2008) should be used

carefully.

4 BLAZAR SEQUENCE

Nieppola et al. (2008) found that the negative correlation

between the peak frequency and luminosity became pos-

itive after the Doppler boosting was corrected. Thus we

examine the Doppler-corrected blazar sequence for our

samples. The Doppler-corrected intrinsic bolometric lumi-

nosity is calculated as follows. The isotropic luminosity

Liso is first obtained by combing the synchrotron peak lu-

minosity and IC peak luminosity, where the synchrotron

peak luminosity LS = νS,pLS,p = 4πdL
2ν

′

S,pF
′

S,p and IC

peak luminosity LIC = νIC,pLIC,p = 4πdL
2ν

′

IC,pF
′

IC,p.

The peak flux of synchrotron emission F
′

S,p and the peak

frequency of IC process ν
′

IC,p are estimated through the

empirical relations from Abdo et al. (2010). The flux of

IC peak F
′

IC,p is estimated by extrapolating the LAT flux

to IC peak. Because the radiation of the blazar is highly

anisotropic, the realistic solid angle of the anisotropic

emission is 2π(1 − cos θj) corresponding to the jet open-

ing angle 2θj. However, the isotropic luminosity is cal-

culated assuming the solid angle 4π. The deviation is

(1 − cos θj)/2 ∼ θ2
j /4 ∼ 1/4δ2 for small opening

angles. Moreover, according to a moving, isotropic jet

model, the boosting factor of the luminosity is consid-
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Fig. 1 The correlations between the observational synchrotron peak frequency and the Doppler factor. Different classifications are

represented by different symbols as labeled. Left panel: δvar versus νS,p. Right panel: δeq versus νS,p.
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Fig. 2 The correlations between the Doppler-corrected synchrotron peak frequency and the Doppler factor. Different classifications

are represented by different symbols as labeled. Left panel: δvar versus νS,int; Right panel: δeq versus νS,int. The solid lines show the

best fit.
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Fig. 3 The distribution of kinetic jet power. The solid lines correspond to FSRQs while the dashed lines correspond to BL Lacs.

ered to be νLν = δ4+ανisoLiso
ν , where Liso

ν is the intrin-

sic monochromatic luminosity in the comoving frame, Lν

is beamed monochromatic luminosity and α is the spec-

tral index, which is taken as 1 around the peak (Urry &

Padovani 1995; Nieppola et al. 2008). Thus the intrinsic

bolometric luminosity is estimated to be Lbol ∼ Liso/4δ7.

Apparently, positive correlations are shown between

νS,int and Lbol in Figure 5. However, after removing the

common dependence on the Doppler factor of these two

parameters with the partial Kendall’s τ correlation test

(Akritas & Siebert 1996), no correlation exists between

them. The correlation coefficients τ and the chance prob-
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Fig. 4 The distributions of intrinsic jet power. The solid lines correspond to FSRQs, while the dashed lines correspond to BL Lacs.

The left panel is calculated by δvar while the right panel is calculated by δeq.
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Fig. 5 The correlations between Doppler-corrected synchrotron peak frequency and bolometric luminosity. Different classifications

are represented by different symbols as labeled. The left panel is calculated by δvar while the right panel is calculated by δeq.
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Fig. 6 The correlations between CD and Doppler factor. Different classifications are represented by different symbols as labeled. The

left panel: δvar versus CD; The right panel: δeq versus CD.

abilities P are 0.01 and 0.87 respectively for the parame-

ters calculated with δvar, and 0.04 and 0.24 respectively for

those calculated with δeq. The anti-correlation between ob-

servational peak frequency and luminosity disappears af-

ter the Doppler boosting is corrected. Thus, the blazar se-

quence is a result of the Doppler boosting. Ghisellini et al.

(1998) explained the anti-correlation between the observa-

tional peak frequency and luminosity as a consequence of

the anti-correlation between the break energy of the elec-

tron spectrum and the strength of EC radiation, and pro-

posed that the increased cooling from the external photons

led to both decrease of the peak frequency and increase of

the luminosity. Our results indicate that the cooling effect

seems unimportant for determining the peak frequency be-

cause the intrinsic luminosity has no correlation with peak

frequency. Recently, Chen (2014) found a significant cor-
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relation between the synchrotron peak frequency and the

curvature of SEDs. Their result also implied that the break

energy of electron spectrum γb was mainly determined

by the particle acceleration process (also see the reference

therein). The different γb then results in different peak fre-

quency. On the other hand, the different magnetic fields

of the emission region also result in various observational

features related to the peak frequency.

Similar to Figures 1 and 2, HBLs show an additional

track in the right panel of Figure 5. This could be caused

by different physical features between HBLs and other

blazars, such as radiative efficiency or the radiation mecha-

nism. We examine the correlation between νS,int and Lbol

for the sample excluding HBLs. The result of the partial

correlation test still shows no correlation existing between

these two parameters, with τ = 0.07 and P = 0.07. For

HBLs alone, there is also no correlation between νS,int and

Lbol, with τ = 0.05 and P = 0.7. On the other hand, the

additional track of HBLs can also be caused by the under-

estimation of the real Doppler factor for δeq (Lähteenmäki

& Valtaoja 1999, Sect. 2.2). Because the current sample

of δvar has few HBLs, a completed sample of δvar derived

from a radio monitoring program, e.g., OVRO (Richards

et al. 2011), would help to confirm this trend in the future.

5 EXTERNAL COMPTON EMISSION

Meyer et al. (2012) found a correlation between CD and δ
for the very high power sources (including radio galaxies

and blazars). They explained that the high energy compo-

nents of these sources were dominated by the EC process

rather than the synchrotron self-Compton (SSC) process.

They then suggested this correlation can be used to exam-

ine the EC dominance of blazars. We plot the scatters of

CD and δ in Figure 6 for our samples. There are weak cor-

relations between CD and δ for all sources, with ρ = 0.37,

P = 3.4 × 10−3 for δvar, and ρ = 0.32, P = 1.1 × 10−4

for δeq. More importantly, HBLs have the same trend on

the CD-δ plane as LBLs and FSRQs (right panel of Fig. 6).

For the SSC process, if the ratio of synchrotron en-

ergy density to magnetic field energy density usyn/uB ≃

CD ∝ γ3
bN(γb)/R2 is independent of Doppler factor

(where N(γb) is the electron number at the break energy

γb and R is the radius of the emission region; see e.g. Finke

2013), then the correlation of CD and δ only exists for

the EC process. However, if either the electron distribu-

tion or the radius of emission region changes with the bulk

Lorentz factor (it seems impossible for the viewing an-

gle to be correlated with these parameters by coincidence),

then the correlation between CD and δ is also expected for

the SSC process. As a result of the adiabatic expansion, the

radius of the emission region is the cross sectional radius

of a cone. We have R ∼ rθj ∼ r/Γ, where r is the dis-

tance between the emission region and the central nucleus

and θj is the opening angle of the jet (e.g., Sikora et al.

2009). Thus the increase of Γ results in the decrease of R.

As a result, CD increases as Γ increases. This means that

the correlation between CD and δ also exists for the SSC

dominant sources. However, if CD being correlated with δ
is not a unique feature of EC emission, then this trend will

be unsuitable for examining the EC dominance.

6 DISCUSSIONS

If the viewing angles of the γ-ray detected blazars are

small, then the bulk Lorentz factors Γ are approximately

equal to the Doppler factors δ (Savolainen et al. 2010).

Thus the trends found for the Doppler factor are mainly de-

termined by the bulk Lorentz factor. Our correlation anal-

yses between the Doppler-corrected peak frequency and

bolometric luminosity indicate that the electron accelera-

tion processes or the magnetic field of the emission region

determines the peak frequency. The correlation between

the peak frequency and Doppler factor further represents

a connection between peak frequency and bulk Lorentz

factor. Moreover, the distinction of the kinetic jet power

is also caused by the bulk Lorentz factor. Therefore, we

can expect that the differences in blazars are determined

by a single parameter, i.e., the bulk Lorentz factor. Meyer

et al. (2011) discussed the possibility of structured jets

with velocity gradients. The radiations of the sources with

large viewing angles are dominated by the slow regions.

Then, varying the viewing angles forms an observational

sequence. In a similar way, different bulk Lorentz factors

for individual blazars can directly lead to the same obser-

vational appearance.

One scenario to explain the different bulk Lorentz

factors was suggested by Potter & Cotter (2013b). They

explained that the bulk Lorentz factor was governed by

the accretion rate and the black hole masses were similar

for all blazars. The higher accretion rate leads to smaller

mass loading into the jets, so that a larger fraction of ac-

cretion power is converted to accelerate the jet. Finally,

this process results in a larger bulk Lorentz factor. Our

results seem to rule out this scenario because the mate-

rial energy loading in jets (i.e., the intrinsic jet power)

is independent of the accretion rate (see Sect. 3). Chai

et al. (2012) found a significant correlation between the

bulk Lorentz factor and black hole mass, but no correla-

tion between the bulk Lorentz factor and Eddington ra-

tio. Their results also suggest that the bulk Lorentz fac-

tor is independent of the accretion rate, but governed by

the black hole mass. Potter & Cotter (2013a) also pre-

sented another scenario to unify the jet physics. They as-

sumed that the radius of the transition region (where the

jet comes into equipartition between magnetic field energy

and particle energy, and dominates the optically thin syn-

chrotron emission) scales linearly with black hole mass.

Therefore, the larger black hole mass leads to a farer tran-

sition region from the central black hole. This further re-

sults in lower magnetic field strength and finally produces

lower synchrotron peak frequency. Based on another as-

sumption that the intrinsic jet power has a fixed fraction

of the Eddington luminosity (i.e. the intrinsic jet power is

independent of accretion rate), they derived a relation be-

tween the synchrotron peak frequency and the black hole
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mass in the form νS,int ∝ M
−1/2

BH . Observationally, the

anti-correlation between peak frequency and black hole

mass has been found by, e.g., Chen & Bai (2011). When

combining this relation with Γ ∝ M0.2
BH found by Chai

et al. (2012), we have νS,int ∝ Γ−2.5. This relation agrees

well with our findings presented in Equations (1) and (2).

Therefore, the SEDs of blazars are mainly determined by

the black hole mass, but not the luminosity (Ghisellini et al.

1998), accretion rate (Ghisellini et al. 2009) or orientation

(Meyer et al. 2011).

7 CONCLUSIONS

In this paper, we obtain two groups of Doppler factors

estimated through two independent methods and we aim

to identify whether the Doppler factor determines the ob-

servational differences of blazars. Significant correlations

are found between the Doppler factors and the indicator

of the SED classification, i.e., observational synchrotron

peak frequency. After correcting the Doppler boosting,

the intrinsic peak frequency shows uniform linear rela-

tions with two groups of Doppler factors. In addition,

we find the distinction of jet power is mainly caused

by the different Doppler factors for different subclasses.

The negative correlation between the peak frequency and

the observational isotropic luminosity disappears after the

Doppler boosting is corrected. All of these results con-

firm that the Doppler factor (physically the bulk Lorentz

factor) determines the observational differences of blazars.

Furthermore, the black hole mass plays an important role

in controlling the bulk Lorentz factor and SED of blazars.

Moreover, we find the correlation between the CD and the

Doppler factor exists for all types of blazars, thus this cor-

relation is unsuitable for examining the dominance of EC

emission. The correlation between CD and Doppler fac-

tor can be explained for the SSC process if the radius of

the emission region decreases as the bulk Lorentz factor

increases.
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