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Analysis for the energy spectrum of blazars based on
multi-band observation
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Abstract; In this paper, a sample including 334 UV selected blazars is built to analyze the spectral
properties and the spectral energy distributions (SEDs). Most of sources have data cover from radio,
middle-infrared, near-infrared, optical to ultraviolet band. We calculate the near-infrared spectral in-
dices (ay), and the mid-infrared spectral indices (), ). Based on the SEDs fitting, we obtain the
peak frequency (v,), peak luminosity (L,) and the parabolic curve (b). Main results are as fol-
lows. (D At the mid-infrared region, the spectrum doesn’t show correlation with brightness; at the
near-infrared region, the spectrum show weak anti-correlation with the brightness; at UV region, the
spectrum shows strong anti-correlation with brightness; (2) For LSP, the parabolic curve b and log v,
show strong anti- correlation; for ISP, b and logv, show no correlation; for HSP, the parabolic curve
b and logv, show strong anti-correlation 3 The result indicates that strong correlations lie between
Qgp gy and logv, in the whole samples of blazars, respectively.
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KL o — MR, X P28 Z ] 40 730 5L T A
2 B2 55 B (equivalent width, EW) , JH BL Lacs %
fESE1E EW <5 AP0 AL e A5 e 351 49 i , Fan
GBS IR Y g 3 AT 25 AR IR AE 1 (low syn-
chrotron energy peaked blazars,1.SPs) ,logv, <14 Hz; i
TS K (intermediate synchrotron energy peaked blazars,
ISPs) ,14 Hz <logv, <15.3 Hz; =A% (& (high syn-
chrotron energy peaked blazars, HSPs ) , logv, > 15.3 Hz,
Abdo %" 13 1 BL Lacs I H FSRQs FRIIEAT 25 9 45
o MR BRI A (7 %, BL Lacs A] 23 by fIR B U4 5 )% K 1A
(low energy peaked blazars, LBLs) , 1 fE 6 15 f& K& (in-
termediate energy peaked blazars, IBLs ) il 5 GE I 1 f& K
& (high energy peaked blazars, HBLs) , i FSRQs 1] 7 4y
{1 B W - 12 55 Hi1 28 B &K (low synchrotron energy peaked
FSRQs, LFs) | H1 fE U& F 33 5F i1 2% B & (intermediate
synchrotron energy peaked FSRQs, IFs) il & fig I - %
51 HL 28 B & (high synchrotron energy peaked FSRQs,
HFs)

VRS K 0 3 8 1 /9 #ii ( spectral energy distribution,
SED) 43 Ay WIER A3« 55— R W fEAL T A6 L 2 X IRk i
B, AT RE R A BRI ARDRT 18 v 1 () 20 R SO i 5 —
TRAMEAE AL T X SR AN I E e B, MR i
FRFE P HL T SRR T 0 BE B 0

AR R 1Y B E O 236 S0 TE a0 e,

Abdo %[9] ﬁ%'ﬁh ng‘ﬁbﬁi%ﬂlg (fscnz )\ Iﬂﬁ?ﬂ@ﬁﬁ)ﬁ%ﬁ
(logu, ) FlF WA R (f, ) Z A M 2K KR, Han,b
=0.5 logv, —20.4 +0.9 log fscy, , HH, ficu, /& 5 GHz
MR v, DR v, f, J 7205 5 0
Vi, RETRAKM R = k""" logy, 7] LU
S — AL KB B loguf, = - b(logw - logvp)2 +
logvp f, , L, b A A 2> . Fan %1 15 51 [
AR T WA (A0 38 U (5 B 2 () A 7 B b S A G
4518

SRR, Giommi 42 S3H7 T 105 AMHRAE (A
45534 F FSRQs, log, = 13.1 £0. 1 Ha, % F BL Lacs,
logv, ~15 Hz. Kapanadze ALl s 7 312 4% x B4k ik
BL Lacs JE3EF350E 4 14. 56 ~ 19. 18 Ha [ %4 40l (41
%, T ASDC AE 3% AR T 5, Mingaliev %1 3145
HA W 45 2R 345 2] FSRQs logv iy =13.4 1.0 Hz Al
BL Lacs logL, ;) =14.6 £1.4 Hz,

VMRS IR 88 B0 se B Z T i A DG 2 &
B0 — BRI, BL Lacs 8L 240 A 52
I GTEARE , MOEIRAR S5 G, 4 FSRQs 5

BL Lacs S AL AH OGP, Al FSRQs 5 BL Lacs JGAH
Ftk,

I # %K

BTk A 2 BORAZ K5 R I AZ /K ( Blazar Cata-
log, BZCat) "' SR 5F L FRLT 4D LT AN G 48 51
Bl a1 334 MRARIRREA (R 1) Ho 45 221
/™ BL Lacs 1 113 /> FSRQs, HTH %4 M NED Uit , 1
5 AR ME, AR R, =10 Hz, R, =10" Hz,
R, =10"" Hz, R, =10'""" Hz fl R, =10""> Hz, ther
HNEE R 4R F WISE, Jr£5h (J H 1 Ks) ¥4 % A
2MASS, I fZ BRI REIE . 2B I T BZCat,
250 (FUV FINUV) $dfi Rk B GALEX,, #2516
XELLAM DG R AN AT E  my = m,, 4,
m, SEBIERSE, my, 2 lh R 5%, A, JEk A NED 133
MRCIEME . FPLLAMAR AL IE M0 50 e 8L
R I R

2 ot K

RINKARN L, =4nd, OF, AHFORIE(L,) X,
v IR F, SRR v IR R, d, e
f%r,ole(l+z)'HL-J'Z 1 - dx

o 70 ./0.29(1 +x)” +0.71)

(B Ry om) o 3T BA 208 MR AR I, T 34
2=0.415 K FR  HEARILEE (L, , A Ry erg 571 )
FITRLH,

FHDEE R erg - <) AT

loglL, =42.33+1.23,

logL, =43.17+1.21,

logL, =43.39 +1.27,

logL, =44.29 +1.07,

logL, =45.14+0.99,

logL,, =45.03 £0.95,

logL, =44.94 £0.94,

logL,, =45.11£0.80,

logLy, = 45.15£0.74,

logl, =45.19 £0.71,

L,=45.22+0.71,
L,=45.21+0.71,




%11 PR SE ET 2 BB AL A RE TS 0 B 7

L,=45.16£0.82, BREAIRE b Ab R IRIEAIRE, r RAERRD
Lyy =44.90 £0. 78, AHLBER, N BRSSO G A6 R B, 24k
Ly =44.68 £0.78, A B A 1R o L A 2 v 44 51

HTHREEBOCEZRMNER, RGNS THR2
FHEHAT,y = (et Aa)x+ (b+Ab), XH a Fil Aa

=1 334 METRFER
Table 1  The sample of 334 blazars

Namme 5BZCAT
J0008 —2339 J0018 +2947 J0021 -2550 J0032 - 2849 J0045 +1217
z 0.147 0.1 0.324
type BL BL BL BL BL
logLy, 40. 44 40.04 41.75 42.39
log Ly, 42.84
log Ly, 42.91
log Ly, 43.52
log Ly,
logLy, 43.28 42.97 44.64 44.56 44.81
logLy, 43.01 42.63 44.55 44.48 44.81
logLy, 43.42 42.89 44.79 44.67 45.12
log Ly, 43.59 43.04 44.87 44.71 45.18
log Ly 43.87 43.3 45.42 44.75 44.98
logL,, 43.99 43.27 45.43 44.75 44.94
logL, 43.95 43.33 45.42 44.71 44.97
logL, 44.17 43.17 44.92 45.19 44.96
log Ly, 43.62 43 44.6 43.72 44.41
log Ly, 43.7 43.12 44.47 43.75 44.23
48
46 - -
g .
44 -
42

40 42 44 46 42 44 46 48 42 44 46 48 44 46 48
logl, /(erg = s™) logl/(erg * s™) logl./(erg = s™) logl./(erg * s™)

K1 ZUBOLEEZ E A H
Fig.1 The correlation among the multi-band luminosities
T S0 ] 1 35 BLL Lacs , 250 [BIB fUK FSRQ. siZk \ HERFILREL S 5 FIR BLs FSRQs FIREAMBAL IR logLy, v, ;.03 logLy ZIAIAYLRIE
E(F2),
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=2 logl, 5 IOgLR],wl,/,oE"Jﬁ'l‘i?u‘é’
Table 2 The linear fitting between logL; and logLy, y, ;o

¥ s x sample a+Aa b+Ab r p L

(1) (2) (3) (4) (5) (6) (7)
logLy; vs logLy, BL 0.37 £0. 04 28.96 +1.85 0.5 <0.01% 0.18
FSRQ 0.60 +0.06 19.35 +2.55 0.71 <0.01% 0.39

gross 0.46 +0.02 25.30 £1.02 0.73 <0.01% 0.36

log Ly vs logLy, BL 0.74 £0. 04 11.40 +1.94 0.73 <0.01% 0.57
FSRQ 0.78 +0.09 9.76 +3.99 0.65 <0.01% 0.31

gross 0.82 +0.03 7.74 £1.51 0.79 <0.01% 0.54

logL, vs logL, BL 0.74 +0.04 11.40 £1.94 0.73 <0.01% 0.58
FSRQ 0.78 +0.09 9.76 +3.99 0.65 <0.01% 0.28

gross 0.82 +0.03 7.74 £1.51 0.79 <0.01% 0.53

logL, vs logL, BL 0.87 +0.05 5.31£2.12 0.76 <0.01% 0. 66
FSRQ 0.74 +0.07 11.66 +3.24 0.71 <0.01% 0.42

gross 0.89 +0.03 4.23+£1.55 0.81 <0.01% 0.60

NUV, FUV,
3 kit FELEAb LA RS A IR 0, 7 P B L 0 B

JEIEFRE AT L A 5 logF, = - a logv + C 3157, F,
FEABHR S S AMIEBL /TAr 5 AN KB il EIURAE v AW B, C WA, 3 KB i
B LA B GRLUANI B DGR BO S AN B, B 3RE bRIC h MO 2nAh ) (NGEELAR) F U (551 )
AR R O H: R, (R, Ry (R, \Rs; QL) 5T 3,
Wy Wy Wy W, @E 4. ] H K; @Y. 0; Q%5

R3 HRWEXNE.SR/NME.TFHE

Table 3 The maximum, minimum, and averaged value of our results

parameter  sample  maximum minimum average parameter  sample  maximum minimum average

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)

oy BL 1.48 -0.28 0.64 £0.29 Qyyy BL 3.09 -1.29 0.79 £0. 64
FSRQ 1.86 0.23 1.21 £0.25 FSRQ 3.44 -2.93 1.07 £0.94
gross 1.86 -0.28 0.82 +0.39 gross 3.44 -2.93 0.87 +£0.76

oy BL 1.96 -0.3 0.88 £0.35 gy BL 6.67 -0.26 1.75 +0.90
FSRQ 2.29 -0.74 0.96 +0.55 FSRQ 6.91 -0.17 1.95+1.19
gross 2.29 -0.74 0.90 £0.42 gross 6.91 -0.26 1.81 £1.01

Oy BL 0.6 0.13 0.34 +0.09 Qyy BL 3.32 0.35 1.29 +0.44
FSRQ 0.76 0.24 0.55+0.11 FSRQ 3.47 0.63 1.47 £0.57
gross 0.76 0.13 0.41 +0.14 gross 3.47 0.35 1.34 £0.49

Qo BL 0.76 0.07 0.42 +0.12 a, BL 46. 81 43.16  45.03 +0.61
FSRQ 0.79 0.31 0.62 +£0.09 FSRQ 47.47 44.48  45.99 +0.66
gross 0.79 0.07 0.49 £0. 15 gross 47.47 43.16  45.33+£0.77

BT ay Mlay EFHAEEIEE, /080 BL Lacs fl = (=0.02£0.05)logF, +(0.78 £0.13), Hrr,r=
FSRQs XA FRZ XA 0 0yp Al gy p R FLHA -0.02, p=73.7% , FIHTCH KM LI LMK,
507, A 2 (a) %, L2 d =0.78 ay Bl g ay = (=0.23 £0.05)log F, + (0.22 £0.16) , HHp,r =
RO A 73 A7, 2206 d =0.20, Q& 2 (b) 7R, —0.22, p<107*, FIH TR MM,

BETHA, OISR Z I C R, LA
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T4 IEETE EEEER 334 BB TR =
Table 4 The peak frequency, peak luminosity and the curvature of the 334 blazars
Name b logv,/Hz  log L,/ (erg « s ! Name b logv,/Hz  log L,/(erg - s !
BZQJ0004 -4736  0.09 14.08 45.94 BZQJ1146 +3958  0.25 12.73 46.59
BZQJO005 +3820  0.28 12.67 45.16 BZBJ1147 -3812  0.23 12.58 46.57
BZBJO008 -2339  0.07 16.21 43.98 BZBJ1150 +2417 0.16 13.53 45.65
BZBJ0OO18 +2947  0.09 14.95 43.16 BZBJ1150 +4154  0.10 15. 66 45.25
BZBJ0021 -2550 0.14 14.03 44.98 BZBJ1151 +5859  0.09 14.95 45.16

logL, FIFEFEJ& 43. 16 ~47.46 erg « s~

S [

flogL, =45.35 £0.77 erg + s ', % T BL Lacs, ‘F-3{H
logLy, s =45.02 £0.61 erg + s™'; %} F FSRQs, F-HH
logL, p =45.99 £0.65 erg - s R log L,z <

Number

[§=]
(=1
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d=0.46, p<0.01%
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6
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Hkp <107 BEREN] log Ly, Fll log L, ZIa BA W]

=4
BHZES.
40t 1
320t g
0
- f 109
E {0.6
5 {03
e ) d=0.61, p<0.01%
= L L ' 00
43 44 45 46 47 48

(b) logL v /(erg - s™)

4 BL Lacs fll FSRQs Y logv, il logL, 434f
Fig.4 The logv, and logL, distributions of BL Lacs and FSRQs
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ASCRIHA RO BN 5, A~ K0 3
(o vy ) Z IR, Qi 6 AP 5. A8 BL Lacs

RS HAMBILIEEY
Table 5 The effectively spectral indices of sample

1 ooy Fl oy Z IOV ARGRATHEOCHE , 2R AR IR oy
ay Z A A ARSR ARG, AR R A r=0. 58
F10.28 {H FSRQs 1 ay il ay, Z BN BCA HH A, &
RHLTE ay T oy BISEIEFR A, BL Lacs (ARG PETR
T+ FSROQs,

g1t 5 ARy Qro Ayn oy Ayu
max BL 0.6 0.76 3.09 6.67 3.32
FSRQ 0.76 0.79 3.44 6.91 3.47
gross 0.76 0.79 3.44 6.91 3.47
min BL 0.13 0.07 -1.29 -0.26 0.35
FSRQ 0.24 0.31 -2.93 -0.17 0.63
gross 0.13 0.07 -2.93 -0.26 0.35
ave BL 0.34 £0.09 0.42 £0.12 0.79 £0.64 1.75 £0.90 1.29 £0.44
FSRQ 0.55+0.11 0.62 £0.09 1.07 £0.94 1.95+1.19 1.47 £0.57
gross 0.41 +£0.14 0.49 £0.15 0.87 £0.76 1.81 +£1.01 1.34£0.49
R6 SHMEMEBE
Table 6 The linear correlation between two parameters
y vs x sample a+Aa b+ Ab r p/ %
1 (2) (3) 4) (5) (6)
logd, vs agy BL -0.05 +0.004 1.11 £0.06 -0.63 <0.01
FSRQ -0.04 £0.01 1.21 £0.13 -0.42 <0.01
gross -0.06 £0.003 1.40 £0.05 -0.72 <0.01
logd, vs oy BL -0.19+£0.03 4.64 £0.50 -0.35 <0.01
FSRQ -0.66 +0.12 10.78 £1.58 -0.47 <0.01
gross -0.21+0.03 4.86 £0.44 -0.35 <0.01
Qay Us oy BL 0.72 £0.06 0.42 £0.04 0.58 <0.01
FSRQ -0.31+0.23 1.34 £0.28 -0.13 17.00
gross 0.31 +£0.06 0.65 +0.05 0.28 <0.01
ay vs logFy, BL 0.04 £0.04 0.75 £0.11 0.07 29.30
FSRQ -0.18 £0.05 0.75 +£0.15 -0.29 0.20
gross -0.02 +£0.05 0.78 £0.13 -0.02 73.70
ay vs logF, BL -0.18 £0.05 0.32 +£0.15 -0.23 0.03
FSRQ -0.31+0.14 -0.01 £0.43 -0.21 2.70
gross -0.23 +£0.05 0.22 £0.16 -0.22 <0.01
. _
. *BL 08f - *BL
6k o FSRQ © FSRQ
0.6
St ;
041 ¢ .
2f .
02F
of .
1.2 1‘4 ll6 1I8 ZIO 2I2 00 |I2 |‘4 |‘6 1‘8 2IO 2‘2
log v,/Hz log v/Hz

lOgUp ooy, age Z B ZENE

Fig.5 The correlations between logv, and o, , gy
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MREWI TS SR EZ MR, — Mok
1, BL Lacs I MO0 U AR 52 0, il 215 730,
TRARE I TS AR BEN . {2 FSRQs BA BRI
JEME, I BRI, BEE TR, 63 5 5 B 0 AR e o
TR R

W= X A F 28, X T H L0 50 L2040 Fi
SN OGP 43 3 Ry 0.07, = 0.23 F - 0. 65; %f - FS-
RQs AHRHES I - 0.29, -0.21 F1 -0.74, %A
FEARIEE RO — 8 BREW PSR, i
S50 B AR S AN I B 7R T 2T AN I, i 5 5
SRR o TEEEIMX, i 5 52 B S 0 ) S A G
KR X—EEREKW], BEE BRI 0, Hore B 5063
AR BR AR, 3 5 NGC1275 ) iy B—3K

Abdo 2 5% % PR BL Lacs [ 16 {8 55 % & F FS-
RQs AU . Giommi 22 4347 T 105 AMEAE K i
SEAUH BB 4K G BL Lacs 1 FSRQs 1) F- U85 43 3] Ky
logv 5 =15 Hz Hllogv ) =13.1£0. 1 Hz,

Mingaliev 22" il ] ASDC. A% 6114 T 2 Hrie (i
WA 4K 73 BL Lacs il FSRQs B F- £ W 451 73 5] Oy
logv 15 =14.6 1.4 Hz fllogv, ) =13.4 +1.0 Hz; 3
1 logv 15 =14.76 £1.58 Hz, logv, ) =13.45 £
0.85 Hz, HAZ555 Giommi 2 1 Mingaliev 25 %%
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