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BRI KR, X T A F iblazar 1 K4 B R 1)
Z5T N T EE XA A, A S0 PFermi/LAT
(Large Area Telescope) 12 yr¥i il i) 25 48 Y5 2 1)
3R AT it (The 4th Fermi Gamma-ray LAT-
Data Release 3, 4FGL-DR3)UH fblazar AFEA,
HFFEAN [ 2 B blazar R0 R G0 551 15 40 55 55 20
TIBTRE R R, DL R AN R SR 2R AR 1 — 26 %
JoT, e 300 3 T g AT P — S ] B T T . AR S
MRV IR E R L f, SRR R NS, v

2 MR

Fermi/LAT & #7 BE I y-ray 34 £4FGL-DR3
& o DU AR 4 H S 3 ERRCA. 4FGL-DR3H 3t
F3743 M blazar, L H7941MFSRQ. 14324 BL
LacHi15171"BCU (Blazar Candidates of Uncer-
tain type)!. YangZE SR PE4FGL-DR3H 25 1)
8fit Bry-ray £ils, ML 7 #lg(vf,) = Pi(lgv —
P;)? + P;#l & T4FGL-DR3 blazari ¢ &5 43 1)
SED, 42| 4FGL-DR3H 4= #3743 blazar ) i
w0 2 A, R BE dh FR(Py) 08 AE AR (Ps,
lgvIC) W I (P, g(WiC o))k K W I
(Ig LIC). Z Wt 5038 45 VUit 87 J7 i A 1 30 R 3K it
e H 40 25, X blazard% 10 e & Wi 0 A 3¢ 47 1 73
%, ¥lg(viC/Hz) < 22.909 8 73 AR 10 R 5 it g
Hiiblazar (Low Inverse Compton peak frequency,
LCP), 1g(viC/Hz) > 22.91f) 4 Jy i 1 e 3 i U
Hiiblazar (High Inverse Compton peak frequency,
HCP).

YangZ: 'K #ENED (NASA/IPAC (Nation-
al Aeronautics and Space Administration/Infrared
Processing and Analysis Center) Extragalactic
Database)J1 (1) 5 H. o 2% KX-rayZ #E, H
W T FRlg(vf,) = Pi(lgy — P)?* + Bl & T
4FGL-DR3 blazarfik fE & 7> KISED, 152 727094
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blazar ) [F] 5 45 555 0 2 45, BPAE dh 2=(Py). [\ 28
B I VAR (Py, 1gvy™) VIR B (Ps, 1g(vp™
Fore)) LB L5545 I (g ™). 40 92 L
W25 Y 1 blazart% [7] A0 WS 73 20 & [F] 20 e A
(High Synchrotron Peak, HSP) blazar; H [F] 25 I 4
(Intermediate Synchrotron Peak, ISP) blazar; ik
[F] 25 & #ii(Low Synchrotron Peak, LSP) blazar.
BL Lact% [F] 25 W5 73 2K & 7] 20 I§ ABL Lac
(High synchrotron peak BL Lac, HBL); H [f] P&
HBL Lac (Intermediate synchrotron peak BL Lac,
IBL); {&[FPUEMBL Lac (Low synchrotron peak
BL Lac, LBL).

A K LAAFGL-DR3H i blazar W FE A, #F 5T
blazar A 7] 5~ Hlg 1] Hy-ray 6 11 40 (T) #5%
#, B, B 50T 7 £E L dfblazar it 73 25 (FSRQ.
BL Lac. BCU, HBL. IBL. LBL. HCP. LCP),
gy KT # A 73 KHBL. IBL. LBL. HCP,
LCP Klg vIC% B SCHR[17-18]; #f 4 43 FSRQ.
BL Lac. BCUKI'}H4FGL-DR3[*.

3 #HR
YANG 'S

FIFH SC R [17-18) R [21] Ff 35 15 1 A 4y 2K,
lg viC KL, AN AT Feblazarkt A ilg vIC HT 2 18] (]
RAWE PR, X ELH S A Rg v)C ST 5%
RN, g vIC STIVEM R RNRIFTR,
RS LR AN VC =k - T +b, NhkA
FR, ONEREE. R, nAFERE, r WM R
p AN,

R, REARCAH T X TBCUMIBLAEA
—degb R HAE RS iR, WA % FEBCUAN
IBLEEA, KIABCU & A& F135 7 fblazar, HHFSRQ
FIBL LacZH ik, H G015 s BEA 2 i, 22,
IBL/AZHBLAILBLI) 1 MR ZS, AT =& 2
&) (71,
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(a) (b)
26} 1 1
g 24}
S
> 201 1
20 A HBLs
20F o FSRQs s T O IBLs
18 o BL Lacs v LBLs v LCP v
1.5 2.0 2.5 3.0 1.5 2.0 2.5 3.0 1.5 2.0 2.5 3.0
r r r

1 AT HblazarffA {38 BEEHE A 5 D Os PRI R, (a)BFEA. FSRQABL LacktA; (b) HBL. IBLELBLEEA; (c)
HCPRILCPEEA.

Fig.1 The correlations between the inverse Compton peak frequency and ~-ray photon spectral index for different subclass
sample of blazars. (a) Total, FSRQ, and BL Lac samples; (b) HBL, IBL, and LBL samples; (¢) HCP and LCP samples.

%1 Blazar& FEEAMIg v, ST Z B X RIME M EER

Table 1 Linear fitting results of the correlation between lg VII,C and I' for subclass sample of blazars

Sam. n r D Fitted Eq. (Ig Z/II)C =k-T+b) Eq. Code
Total 3743 —0.979 < 0.0001 gy = —(4.398 £ 0.015)T + (32.589 +0.034)  Eq (Total)
FSRQ 794 —0.948 <0.0001 Igu!C = —(3.965 % 0.047)T + (31.444£0.117) Eq (FSRQ)
BL Lac 1432 —0.965 <0.0001 Igu!C = —(4.506 % 0.032)T + (32.821 £ 0.066) Eq (BL Lac)
HBL 670 —0.922 <0.0001 lgv®=—(4.356 £ 0.071)[ + (32.556 + 0.135)  Eq (HBL)
IBL 340 —0.920 <0.0001 Igu'® = —(4.54240.105)T + (32.855+£0.230)  Eq (IBL)
LBL 132 —0.942 <0.0001 lgy'C=—(3.884+0.121)T + (31.347 £ 0.280)  Eq (LBL)
HCP 1503 —0917 <0.0001 Igu'® = —(4.103 £ 0.042)T + (32.070 £0.083)  Eq (HCP)
LCP 2240 —0.949 < 0.0001 lgvC = —(3.817+0.028)T + (31.114 £ 0.070)  Eq (LCP)
4 Vg LA BN,
41 lgyCETEBALR W TR O I E B 24, B, 5 SED

Mg viC 5T & I & 45 R (-1, 1) w0 %,
JIt A blazar ¥ S A (1) 380 5 7 4 U A5 15 y-ray )t 1
AR HOA A 5RO G OR R, MK REAE-0.91 ~
—0.98 2 [f], Wl MEZ /N F1074. sk, —fEsg
FHAE /N (B AR B 7C 1 blazar ilg vIC 5T HI K &,
i1: Abdo25M it 8 T 48 ZblazarffSED, 40 #1 T
1R A O TR R R, 5 Blg vl =
—4.0T + 31.6; X T —2H691TeV BL Lacl]Ff
A, Lin% 243 Fllg vl = —4.59T" + 32.67; X T
—ALSP blazarfE A, ArsioliZR2483ID = —0.229
lg i€ + 7.34. ZEHEURHMER I, A5 SCE5 B SCHRSS
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SRV 2R, WAL DGR R B OY ) 2 (Al AE AR
AH S T TR ). Bk 220 T P 4 K
[F) A5 4 5 ol () R AIE 2 B il R F R4 1 IE AH
KRR, I35 B4R S X LBL. FSRQ. HBLHY
7] 25 i Ik 1 P 52 e RO 5. AR S04 IR B R,
lg V;CEFﬁﬁE/‘Jﬁ*HEYE, ZERRH, y-ray s 1l
T B blazar i 198 5B 1 5E 1% A 9 1 = 2AEH, -
ray i Bk BE, 107 R B I ATGER . AN [F) - ZEblazarFf
A IR FPAH G WA W ) 2 5, (H M RLEE R
ATE T LU Y, WAL R A g v ST AR SR
R L 4B AR ECR (FRL), Wk|sLLac > |k|rsrq,
\klusL > |k|LBL, |kluce > |k|Lcp, MAL NFRF R XS
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RERARII R, R WRER G MNAFAE R WM Ps, 1gv)C) Sy-ray )t 5 1 48 B(D) R M 2%, %

HRIRA. LE RS A LR B M (1)RE AT, 1g O 5T
3% i SRRV PAYHIE S
4.2 lg VII)CEPE,‘]EE'LQ*,‘ZJ% :%;‘,E‘I‘K B’]IEMQ{E(]{T) %@EE(Z)T)E/JIELEAE]J 7J]Jjj
Moy-rayf 7 Ge i (lg f, — lgv) P B & X )% b — i @)
A SR 1 R R s AT AL yerayil 48 o, = T 9op,’
—dles) _)Ha $4FGL-1?R3EIJé%tH ()y-ray 71 & by =lgv— % . 3)
H(D) R A T 5 A 50— Bom i 48 #oe S ik 1

AT = o, + 1, BIGEL) = 1 — T SCHR[18)H 4
L Fg(vf,) = Pi(lgy — P5)? 4+ Pl & 1 1 B
W o SED. AR, X, Piv Py Podr N
TR A R A ) ot 2R, RSN R 45 ST
falel) —1-TKlg(vf,) = Pi(lgv — P5)? + Pl

it -3 SblazarPe A%, 45 3300 FE 2 0
T 9 Py, W RER 451 ) 734 11 A 1g 1O,
K (2)R (3)2 i Py Fillg w43 5 TP, Alllg IO RN
B AT 15 21 1% 7 ZKblazartf AKlg yéc'ira‘é Z O B iR

g L2 (o) 5 BRI (br). WA A SCREAR, TRATHGE T
B b L1 [ blazar TR T4
5= op, T (157~ E> : (D f(32), B2 R R(3) R 8 T &7 Kb A 5

BT PR/ T0, BrEA, B (1) 30nT %0, 38 e 4 WHREE (k) S8R (br), FR W R2.

£2 g CETRANESHENERENIESE
Table 2 Theoretical and fitted values of the slope and intercept of the relationship between Ig I/PI)C and T’

Sam. n Py lg i€ kt br k b

Total 3743 —0.134+0.038 22.83+1.34 —-3.72 30.27 —4.40 32.59
FSRQ 794 —-0.129+0.029 21.65+0.84 —3.88 2942 397 3144
BL Lac 1432 —0.135+£0.041 23.66+0.99 —-3.70 31.06 —4.51 32.82
HBL 670 —0.139+£0.041 24.23+0.66 —3.59 3142 —4.36 32.56
IBL 340  —0.125+0.041 22.96+0.66 —4.00 30.96 —4.54 32.85
LBL 132 —0.129+0.034 22.414+0.63 —-3.87 30.14 —-3.88 31.35
HCP 1503 —0.142+£0.044 24.05+0.70 —-3.53 31.11 —4.10 32.07
LCP 2240 —-0.128£0.032 21.79+£0.74 —-3.89 29.57 -—-3.82 31.11

Note: kt and br are theoretical values calculated by Eqs. (2) and (3), respectively. k
and b were both obtained by fitting, as shown in Table 1.

MEE2RT A, blazar &7 RAHEA g vIC 5T R R TEZE SR EE A
AR (k) PR (br ) I EERE S WG E S A —3 (1) 2R AR 1500 J 3 4 358 40 I SED A4l 42 1%,
f. YT AT 2llg v STR R KRR AL R Mg viC BT R PR R K B FEA. FSRQ.
M KA, Bk = 55 BN IISEDIEIF AR ™ BL Lac&BCUFEA [P SN (1) 2K, FM L
P2, MU, 1g v C STRAMREA BR[18] HH RAFT AN AR N (1) 20 R 7] 45 21 8 A
IAN A B 26 1 bR B, (HFRAT I & ] AR kop 2 B RE 0. (1) 3 TE B AF B0 W5 5 S k[18] 4
e uE M R W . £ E—5 I adr e, 3RAT145 2 H U 3T ) 5% 2R P12 75 (&1 g )€ by Eq. (1)RD
RER SR ¢, BIOC R FIRPRE A S 15 %45 % FH (1) 2015 21 138 Fe Hr g ), 2R P45 25 SR R 3 fr
U I8, IX M1 RHR 1 R S A E A7 N, RHEE TTIER R AY = (a £ Aa) + (b+ Ab)z.
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lg( v;C/HZ) in Ref. [18]

o Blazars

—_
N

o FSRQs

o BL Lacs o BCUs

lg(v;C/Hz) by Eq. (1)

1g( v:f/Hz) by Eq.

1 //, // . /’,/
16 18 20 22 24 26 16 18 20 22 24 26 16 18 20 22 24 26 16 18 20 22 24 26 28

()

Ig( VLC/Hz) by Eq. (1) lg(vLC/Hz) by Eq. (1)

2 W (1) a5 SOk [18]) 45 R b, st BRI G, MEAEEE. (a). (b). ()RI(A) /A NEFEA. FSRQ. BL
LackBCUFEA,

Fig.2 Comparison between the peak frequencies obtained from Eq. (1) and Ref. [18]. The solid line in the figure represents the
best linear fit, while the dashed line represents the contour line. (a), (b), (c), and (d) are for Total, FSRQ, BL Lac, and BCU

samples, respectively.

3 (1)RSCHR[18]4A KIS X R G M A ER

Table 3 The linear fitting results for the correlation between the peak frequencies obtained from
Eq. (1) and Ref. [18]

Aa b

Sam.

Ab

a r n p
Blazars 0.133 0.131 1.036 0.006 0.943 3741 < 0.0001
FSRQs 5402 0331 0.823 0.017 0.868 794 < 0.0001
BL Lacs —0.566 0.253 1.032 0.011 0.930 1432 < 0.0001
BCUs 0.906  0.222 1.008 0.010 0.930 1517 < 0.0001

M2 K 22300 &, | (1) B & 8 5 S
BR[18]%5 H 1 W& 47, %F T & #F A, FSRQ. BL
Lac X BCURE AR A IR UF B IEFH SRR R, MK R AL
1£0.86-0.942 [], HLWEZR /N T1074. Kl £&BL
LackE A, &% 5SS HLZILEASE2 (o), Wt
B FH (1) 200t B0 4 300 5 5 i g 0 5 SCRiR[18] 45 HE 1
A R — ek, Rkl B (1) sUR 47 Ho £+ BL
Lacl] 1% fE X @iig 4. I E2 (a)s (b)s (d)ATH
H, BEEA. FSRQEBCUFREA LA AL T 2518
LRI 2E M, o B S b 2 A 2R, U A (1) =t
S 300 R U AT R 0 b /N T SCHR[18] 45 HE i &5
T HO T R 3 AT T 0 39 R 5 43 I SED I 3R
TR I RE RSB T HO)R I EE RS
CHR[18]ZE R ARG ERI Z . HIE2 (a)s (). ()i
— B EH, FFEAZ X R ZERE A
[F], U B A [F) A A () 33 5 387 4350 7 I SED AT B A
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[ S5 M B (g (v f,) — g v), IR EIXFE, 8
AAEESEDIY, XA BFEA, FATRZK A
RIOHG RE, W, AL TR, =k &
BRAECEATI R AR s

R T ST Y SRR T 75
A% 3 Hiblazar A [7] -7 28 flg v[C HTR R T 12
(#1) Eq (Total)s Eq (FSRQ). Eq (BL Lac). Eq
(HBL). Eq (IBL). Eq (LBL). Eq (HCP). Eq (L-
CP) 3 5M& T 1 AH SAE AR ¥ 300 R i e A1, -4 Al
THEE RS SCR (18] 45 SRl AT T HLAL. SR RS
i Th a5 RIA DGR RN ESA R, ZeEIUG 45 R W
RAPR, EFTELX R AY = (a+Aa)+ (b Ab)x.
- Fblazartf A% R G 0 A ) Ak T 25 AT A
g5 J1)~FH41E K Kolmogorov-Smirnov (KS) 56 45
RUnRsHTR. Kb H (D)5, FEA; 5(2)F1, SCHk
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lg(v'“/Hz) in Ref. [18]

lg(v'/Hz) in Ref. [18]

p

P

[N\e]
foe)

T 147 308 o ] e 3

(6) 51, 2515341 I 5 K R

W22, 55 (7)1, 0 R R 45 1) S R 18] 45 SR 15
i B2 51K AR A RO R

(a) Blazars

SIS N
S N A~ O

18

(b) FSRQs

" (c) BL Lacs

(d) HBLs

18 20 22 24 26 18 20 22 24 26 18 20 22 24 26 18 20 22 24 26 28

lg(v;C/Hz) (Eq(Total)) lg(v;C/Hz) (Eq(FSRQ)) lg(v:‘/HZ) (Eq(BL Lac)) lg(v:‘/Hz) (Eq(HBL))

[\
oo

(e) IBLs

NS NS T )
NS NN

[}
(=}

18

(f) LBLs

"1 (g) HCPs

" 1(h) LCPs

lg(v;C/Hz) (Eq(IBL))

lg(v ‘pC/Hz) (Eq(HCP))

18 20 22 24 26 18 20 22 24 26 18 20 22 24 26 18 20 22 24 26 28
lg(v :f/Hz) (Eq(LBL))

lg(v;C/Hz) (Eq(LCP))

3 Blazar#FEHANIg viC 3 HHAREq (Total). Eq (FSRQ). Eq (BL Lac). Eq (HBL). Eq (IBL). Eq (LBL). Eq (HCP).
Eq (LCP)fitM& R CmR[18] & R HE. (a)s (b)s (c)v (d) (e)s (F)s (g)s (h)HHNERA(Total)s FSRQ. BL Lac. HBL. IBL.
LBL. HCPHILCPHZA.

Fig.3 Comparison of the results estimated by Eq (Total), Eq (FSRQ), Eq (BL Lac), Eq (HBL), Eq (IBL), Eq (LBL), Eq
(HCP), and Eq (LCP) for subclass samples of blazars with the results of Ref. [18]. (a), (b), (c), (d), (e), (f), (g), and (h) are for

Total, FSRQ, BL Lac, HBL, IBL, LBL, HCP, and LCP samples, respectively.

4 Blazar& FABAREREPUETAEMES HITERXHELEMSER

Table 4 Linear fitting results of correlation between inverse Compton peak frequencies literature value

and estimated value for subclass samples of blazars

Sam. a Aa b Ab r n P Estimation Eq. of Ig Z/II)C
Total 1.60 x 1075 0.078 1.000 0.003 0.979 3743 < 0.0001 Eq (Total)
FSRQ —1.18x107® 0.259 1.000 0.012 0.948 794 < 0.0001 Eq (FSRQ)
BL Lac —7.03x107* 0.170 1.000 0.007 0.965 1432 < 0.0001 Eq (BL Lac)

HBL —2.44 x107* 0.392 1.000 0.016 0.923 670 < 0.0001 Eq (HBL)

IBL 7.08 x 107 0.532 1.000 0.023 0.920 340 < 0.0001 Eq (IBL)

LBL 2.77x 1073 0.700 1.000 0.031 0.942 132 < 0.0001 Eq (LBL)

HCP 1.453 0.291 0.941 0.012 0.896 1503 < 0.0001 Eq (HCP)

LCP -0.533 0.142 1.026 0.007 0.958 2240 < 0.0001 Eq (LCP)
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Table 5 Average values of peak frequencies from literature and estimated, as well as KS test results

Sam. g vl 1g vLC (Estimated) n lgviC  dmax/ x 1072 P/(%)
(1) (2) ®3) “ 6 (6) (7
Total 22.83+1.34 22.83£1.31 3743 24.21 2.46 20.56
FSRQ 21.65+0.84 21.65£0.80 794 21.58 4.91 28.66
BL Lac  23.66 4+ 0.99 23.66 £ 0.96 1432 23.24 3.35 39.12

HBL 24.23 £ 0.66 24.23 £0.61 670 24.76 3.73 73.17

IBL 22.96 £ 0.66 22.96 £0.61 340  23.09 4.71 83.73

LBL 22.41 £0.63 22.41 £ 0.60 132 22.92 6.82 90.92

HCP 24.19 +0.63 24.19 +£0.57 1503 23.45 5.12 3.74

LCP 21.91 £0.81 21.91£0.77 2240 22.82 5.54 0.20
M3 K FEdn] W, FE 1 177 FEq (Total)s 5 &5

Eq (FSRQ). Eq (BL Lac). Eq (HBL). Eq (IBL).
Eq (LBL). Eq (HCP)RIEq (LCP)% 5if&i i+ HIAH R
blazar ¥ 2 2% [ 300 3¢ 57 11 04 41 5 SC R [18] 45
B 35 4 58 1E AH 9. A 9% &R #07E0.90-0.982 [H],
HL£&HE R /N F1074. £5% H Thlazar® T 2K
FEA Al T 45 B 5 SCER[18) 45 B 1 F ¥l K % T
FFEA 2 [H] AT SHS 36 45 . RSB R, it
g5 R 5 SCHR[18) 45 S 1 7 35 18 K A 1 s 22 2 —
o, KSE 30 45 KW, M A (Total). FSRQ.
BL Lac. HBL. IBLFILBLFE A ) {5 it 45 5 5 ¢
WR[18)45 S (¥ 43 A 3 A B 1 [F) VR E 26, 4 il
20.56%. 28.66%. 39.12%. 73.17%. 83.73%-
90.92%, {HHCPS5LCPHE: A 1 [7] U6 A 2 B, 7
A 3. 74%H10.20%. X 1] fig 2 HCPAILCPHE 4 (1)
W73 AT 91 R 5 7 1 D R 5.

Rk, FeATAT P y-ray 6 7k %, il id 7 2
Eq (Total) PR idUrH BE 1At T blazar i 137 5 38 41 04 47
X Fblazar ¥ £ A, 7T H 77 #EEq (BL Lac)MEq
(FSRQ) 4> 7] P T K B H4 1+ BL LacFIFSRQH 1%
B &4, FEq (HBL). Eq (IBL)FIEq (LBL)%>
SRR A HE R A TFHBL.  IBLATLBL ) 1 i
I 47, (HHCPFILCP blazar ¥ 5 5 i 16 45 A it
HEq (HCP)FEq (LCP)i47 44t
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A 3 VIAFGL-DR3H 137434 blazar iy FE A,
AN SCHR A SR BT AR AR YR B 4 S, 30 R I 0 e
(1g vi0) Fy-ray o 71 4R (D). Blazar7y K45
2 J5(FSRQ. BL Lac. BCU). BL Lact%[F51&
i/ 25(HBL. IBL. LBL)FH% 38 5 X 04 47 1
73 K(HCP. LCP). BFFT J blazarAS [F] 5 [ 180 B
L e A y-ray G TG 4R B B G R, 133 DA
T4

(1)t blazar 1 K4 A Hlg vIC HTH A 35 1
AR K FR. R y-ray )t T 1 48 ZU blazar i 19 5
W ITRE AT R SRR, y-ray i BRBE, 905
WA AR AT
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The Relationship between the Inverse Compton Peak Frequency
and the y-ray Photon Spectral Index for Blazars

TUO Man-xian’?  YANG Jiang-he!"?3 ZHANG Yue-lian''? WANG Sheng-huil+?
NIE Jian-jun®?  FAN Jun-hui®

(1 College of Mathematics and Physics Science, Hunan University of Arts and Science, Changde 415000)
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AsstracTt The relationship between the inverse Compton peak frequency (lg I/II)C) and vy-ray photon
spectral index (I") for different subclasses of blazars was studied using Fermi/LAT (Large Area Telescope)
4FGL-DR3 (The 4th Fermi Gamma-ray LAT-Data Release 3) blazars as a sample. The results show that:
there is a strong negative correlation between lg I/;C and I for all subclass samples of blazars, indicating that
the y-ray photon spectral index has a strong dominant effect on the inverse Compton spectrum of blazars,
and the inverse Compton peak frequency can be quickly estimated using the relationship between them.
The energy spectrum distribution (SED) of the inverse Compton emission for different subclass sample of
blazars may have different spectral structure functions. Therefore, for different samples, different functions
should be used to fit their SED.

Key words galaxies: active, galaxies: nucleus, quasars: general, BL Lacertae objects: general, gamma
rays: galaxies, methods: statistical
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