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Abstract Based on a sample of 69 blazars, relationships between flusitgeand spectral

index, and distributions of redshift and spectral indexenbgen investigated for highly fre-
guency peaked BL Lac (HBLs), lowly frequency peaked BL LaBI(k) and flat spectrum

radio quasars (FSRQs) respectively. Our result showsIhan(anti-correlation between flux
density and spectral index is found for HBLs, there is norctelation for LBLs or FSRQs,

which suggest that the X-ray emission in HBLs are from syatbn process while that for
LBLs and FSRQs from synchrotron self-Compton process,h@)-ray spectral index has
a consequence for the three subclasses with HBLs showingpftest X-ray spectrum and
FSRQs the hardest X-ray spectrum and with LBLs the middleBif$land FSRQs.
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1 INTRODUCTION

Blazars were classified as BL Lacertae objects, opticatewtly variable quasars (OVVs), highly polar-
ized quasars (HPQs), and core-dominant radio quasars (CD&n the line emissions are taken into
account, blazars have two very different subclasses as Bertae objects with no or very weak emission
line, and FSRQs with strong emission lines. For BL Lacertdjeas, their spectral energy distributions
show two separate types by their peak energy frequencftirerBL Lac objects are divided into high-
frequency peaked (HBL) and low frequency peaked (LBL) dfsj¢Padovani & Giommo 1995), generally
HBLs correspond to the X-ray selected BL Lacertae objecBL&} while LBLs to the radio selected BL
Lacertae objects(RBLS). In this case, we have FSRQs, LBIGHBLs for blazar.

The classification of RBLs and XBLs, which is based on the symesult, has no physics, but the
distinction of XBLs and RBLs is clear (Maccagni 1989; Fanle1893), which was explained based on the
relativistic beaming model (Fan et al. 1993, 1994, 1997; &afie 1996). The classification of HBL and
LBL is based on a physical difference between the two claasdsot on the selection band. The change
of perspective from XBL/RBL to HBL/LBL has important imphtions for the jet model and has spurred a
strong interest in the study of the physical parametersilyidg the emission process in BL Lacs.

As for the relationship between BLs and FSRQs, itis stillleac The whole magnetic wavelength non-
thermal continuum and properties such as rapid varialatiy polarization are common to both FSRQs and
BL Lacs, however, they differ in their emission line projest An evolutionary link between BL Lacs and
FSRQs may explain the correlation of broad-band propestigasredshift (Vagnetti, Cavaliere, & Giallongo
1991), continuity of the radio and X-ray luminosity fungi®also suggests a continuity of some kind
between BLs and FSRQs (Maraschi & Rovetti 1994). Very rdgewe proposed that the both subclasses
have no evolution effect, the emission lines differencerdsnf the fact that the ratio of the de-beamed
emissions to the unbeamed emissions in the co-moving frametithe same. The ratio in BLs is larger
than that in FSRQs, this difference results in the obsarmatifference in emission lines between BLs and
FSRQs (see Fan 2003).
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It is obvious that the relationship is interesting for BLI&FSRQs. In this paper, the X-ray data from
Donato et al. (2001) are used to investigate the relatipnsétiween BLs and FSRQs. Here, we considered
the relationship between the flux density and the spectdaxnin the 2nd section the analysis results are
given, in the 3th section, we give some discussions and &dmmelusion.

2 SAMPLE AND RESULTS
2.1 Sample

In this paper, a sample including 69 blazars were compileth the paper by Donato et al. (2001), of which,
30 are HBLs, 17 are LBLs, and 22 are FSRQs.There were two oz than two observational data of each
Blazar in the sample.

2.2 Method and Results

Blazars are variable and strong X-ray emitters. Obsematghow that the spectrum changes with the
brightness of the source. For a single source, differentlepbservations can be used to discuss the rela-
tionship between the spectrum index and the flux densitye@dly the spectrum becomes harder when the
source brightens and the spectrum softens when the sourse But for a sample of sources, the above
method is not useable since different source has diffengglhitmess, one can not put all the spectrum and
flux density points in one plot. Otherwise, the points arg/\seattering and will dilute the relationship for
a sample. In this case, we proposed to use the normalizettgpaadex and flux density to investigate the
relationship.

If a source hasn sets of observations with spectrum indexes and flux deasitie normalize the two
values by following calculations.

Firstly, we calculate the weighted averaged values withutieertainties of flux densities and spectrum
indexes.

Fx.
oL > AR
(ax) = —=2% (Fx) = —

X T
n Y (ze)? NIONCr Ik
wherei = 1,2, 3, ..., m.

Secondly, we calculate the normalized flux density and specindex values,

Fx. ax.
Rp, = —%;  Re, =+,
" () (ax)
and the normalized uncertainty values
AF; Aq;
ARp, = —~; AR,, = —.
(Fx) (a)

When the process is adopted to the present sample, we abthmealues folRr, , R,,, andAR,, for
each source. Since the uncertainty for the flux density isamailable in the literature (Donta et al. 2001),
we calculated thé?r, by assuming the same uncertainty, and we did not calculata ftr, . When the
linear regression analysis is performed to iye, andR,, with their uncertainties ofx), following results
were obtained.

1) For 30 HBLs,

Rp, = —(0.824 4 0.293) R, + (1.917 + 0.330),

there is an anti-correlation between flux density and spetindex. Namely, when X-ray emission flux will
decline, the X-ray photon spectral index increase, withredation coefficient- = —0.287, and a chance
probability P = 0.604%. (see Table 1 and Figure 1(a)).

2) For 17 LBLs and 22 FSRQs, there are not clearly correlatimtween flux and spectrum index (see
Table 1).
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Table 1l Linear Regression Analysis Results

Subclass A AA B AB r SD N P/%

HBLs 1917 0330 -0.824 0.293 -0.287 0.393 90 0.604
LBLs 0.656 0.364 0.300 0.312 0.150 0.437 42 34.219
FSRQs 0.570 0.408 0.376 0.354 0.146 0.397 54 29.235
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Fig.1 Comparison of three subclass in their redshift.
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Fig.2 Comparison of three subclass in their spectral index.

2.3 Resultsof the Distributions for Redshift and Spectrum Index

The histogram distributions of redshift for 30 HBLs, 17 LBlasxd 22 FSRQs are shown in Figure 1(a), and
distributions for spectrum index are in Figure 2(a). Thadriogolov-Smirnov (KS) tests are in Figure 1(b)
and Figure 2(b) for HBLs, LBLs, and FSRQs.

For redshift, the average valde)uprs = 0.167 4 0.021, (2)1,p1s = 0.402 4 0.084, and(z)rsrqs =
1.088+0.203. KS-test shows that the probabilities are respectivelpbeis: For HBLs and LBLSDy 1, =
0.412 andp = 4.597 x 10~2; for HBLs and FSRQsDy r = 0.744 andp = 1.475 x 10~¢; for LBLs
and FSRQsDr 1, = 0.452 andp = 2.661 x 10~2. For spectrum index, the average valy€nprs =
2.362 + 0.057, (a)1BLs = 2.035 £ 0.104, (&)rsrqs = 1.670 £ 0.058. And we haveDy 1, = 0.429 and
p = 3.086 x 10~° for HBLs and LBLs,Dy r = 0.815 andp = 7.873 x 102! for HBLs and FSRQs, and
Dr 1, = 0.489 andp = 1.239 x 10~° for LBLs and FSRQs.
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3 DISCUSSION AND CONCLUSIONS

Blazars consist of two subclasses with quite different sioisline features (BLs and FSRQs). Their relation
is still an open question. Observations indicate that btaglaow the relation between source brightness and
the spectrum (Gear et al. 1986; Brown et al. 1989; Fan et 88;18an & Lin 1999).

In this paper, we have studied the correlations betweenyXhia densities and spectrum indices at
1keV for subclass HBL, LBL, and FSRQs. We found that for HBih® flux densities are anti-correlated
with their spectrum indices suggesting that the spectruttefia when the source brightens, but for LBLs
and FSRQs there are no clearly correlations. This differéadrom the fact that the emissions in HBLs
is different from that in LBLs and FRSQs. For the former, tlealp synchrotron emission locates in the
UV/X-ray bands, the X-ray emission is mainly duo to the syntfon process. When new relativistic elec-
trons injected into the jets, the emissions make the sourghtbn, and the spectrum is determined by the
background electrons and the injected ones (Fan 2002). fEepening of the spectrum with the source
dimming is attributed to the radiative energy losses, afetethe higher energy electron before effecting
the lower energy ones (Fan 1999).

For LBLs and FSRQs, their peak synchrotron emissions lsdatthe IR/Opt. bands, the X-ray emis-
sion in LBLs is dominated by inverse Compton scattering tiraes photons of synchrotron emission and
the synchrotron process while for FSRQs, the situationénexaore complex than LBLs. In this case, the
emission mechanisms for the X-ray bands in LBLs and FSRQ<hegir X-ray spectrum complex and the
correlation between the flux density and the spectrum dilu®air analysis indicates that there is no clear
correlation between flux and spectrum index for LBLs and FSR&milar phenomenon was also found in
other AGNs(Fan & Lin 1999).

In the histograms for redshift and spectrum indices, the té€sBindicates that HBLs and FSRQs have
different parent distribution while LBLs and FSRQs havetgossible parent distribution. It is also clear
that the LBLs is the bridge connecting HBLs to FSRQs as foupnsambruna et al. (1996) and Mao
et al. (2005). From our investigation and above discussimescan get some conclusions. The physical
properties of HBLs are significantly different from thosed=&RQs, but LBLs are not significantly different
from FSRQs, it seems that the LBLs is the middle state of HBIdSESRQs. The X-ray emissions in HBLs
is different from that in FSRQs and LBLs, HBLs emission isguoed by the synchrotron process, and
LBLs and FSRQs emission are consist of several components.
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