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Table 1 Event horizon photon list
Gamma-ray Source Arrival Time (MET)  Photon Energy/GeV  gtsrcprob Probability EBL Model

4FGL J0008.0+4711

4FGL J0022.54-0608

4FGL J0033.5-1921

4FGL J0043.84-3425
4FGL J0050.7-0929
4FGL J0108.6+0134
4FGL J0120.4-2701
4FGL J0237.8+2848
4FGL J0238.6+1637
4FGL J0334.2-4008
4FGL J0349.8-2103

4FGL J0428.6-3756

4FGL J0433.6+2905

4FGL J0457.0-2324

4FGL J0538.8-4405
4FGL J0630.9-2406
4FGL J0808.2-0751
4FGL J0811.44-0146
4FGL J0909.7-0230
4FGL J0957.6+5523
4FGL J1107.64-0222
4FGL J1159.5+2914
4FGL J1253.84-6242
4FGL J1303.04-2434

280283975
403857710
676603603
607855704
638590022
247811539
504370604
239991691
586680467
703275547
643559231
704829110
498027168
413444477
573697121
380539944
532686700
714276267
280301340
286202841
517142134
312059487
278764142
310683540
566478831
276968880
704727478
662136577
500982534
523639540

67.0
68.2
72.3
76.1
43.4
235.3
364.5
110.0
204.4
52.1
177.2
89.3
145.1
85.6
39.6
115.8
116.5
110.1
102.8
111.0
145.7
83.1
130.4
113.8
338.6
145.9
105.5
139.8
170.8
134.8

0.991
0.989
0.956
0.971
0.973
0.944
0.986
0.978
0.989
0.991
0.982
0.964
0.998
0.997
0.968
0.999
0.998
0.998
0.991
0.998
0.994
0.999
0.990
0.963
0.959
0.999
0.915
0.996
0.996
0.98

Finke et al.”
Finke et al.”
Finke et al.”
Dominguez et al.l”
Finke et al.l®
Dominguez et al.!
Dominguez et al.!
Finke et al.®
Dominguez et al.”
Finke et al.”
Finke et al.”
Finke et al.®
Dominguez et al.l”
Finke et al.”
Finke et al.®
Dominguez et al.”
Dominguez et al.”
Finke et al.”
Finke et al.l®
Finke et al.®
Dominguez et al.”
Finke et al.”
Dominguez et al.!
Dominguez et al.l”
Dominguez et al.l”
Dominguez et al.”
Finke et al.”
Finke et al.”
Dominguez et al.”

Dominguez et al.l!
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Table 1 Continued

Gamma-ray Source

Arrival Time (MET)

Photon Energy/GeV

gtsrcprob Probability

EBL Model

4FGL J1310.5+3221

4FGL J1316.1-3338

4FGL J1345.54-4453

4FGL J1419.5+3821

4FGL J1427.0+2348

4FGL J1427.9-4206
4FGL J1722.74+1014
4FGL J1748.64-7005
4FGL J1918.2-4111
4FGL J2147.3-7536
4FGL J2232.641143
4FGL J2253.94-1609

722539649
269606112
613809147
343372554
367484672
302322900
400849409
402630820
564349647
541052252
264581404
656251050
413682658
328538277
506592898
706976168

102.8 0.99 Finke et al.®
96.7 0.982 Finke et al.
90.3 0.993 Finke et al.®
50.3 0.985 Finke et al.”
49.0 0.995 Finke et al.®
72.2 0.99 Finke et al.”
180.3 0.995 Finke et al.®
253.7 0.999 Dominguez et al.!
217.9 0.999 Dominguez et al.
72.4 0.997 Finke et al.®
171.7 0.995 Dominguez et al.!
150.0 0.995 Dominguez et al.!
106.3 0.984 Dominguez et al.”
137.0 0.982 Dominguez et al.’
97.9 0.998 Finke et al.®
143.4 0.991 Dominguez et al.!

— - Model C of Finke et al.l®!
Dominguez et al.”!

> ©  --- Fiducial model of Gilmore et al.’>
° o o FSRQ
2 e o BL Lac
o0 0 o
E \\9\0\@0 ° o

| N o o
5 10° ng\% o
5] DG )
2 N
z T
= T——__0
X . e

0.5 1.0 1.5 2.0 2.5 3.0
Redshift

1 B FOET K5 EREAME SO BN L
Fig. 1 Detected horizon photon and their comparison with
EBL models
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FEAFAL TTIR— A6 7. B2, A 8RR AL
PARTTERZ ML T, R EREENE,
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() A 52 20 L LR 22 53, IS T (] g vl DA = 20 H
WA DU IE 4. IR s A LA T A
] e R AR AR AN R IR YT A 01 Sf e MR i A4 SR K.

3.2 R A X TFRTERGFIE

F FHALAC-DR3PHR 4 (1 4 2 B 28 95 K LA
REXT AR 15 2, FRATIF R 1 X 58 S 0 746 1
AR RREAE PR T AR 2 15 W00 21 55 3 O B 2k,
A A% 7y 25 HFSRQAIBL Lac. ¥ ¥ FiBH A A,
X — 3 YR T P ISR AR A0y BT IR R R 22 5
AR E R B, IR B RN AT A A2 EL R A, R
51 W L A M ORE T %R R S R AR A, T T B
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FSRQ L7 4E To i3 I 21 1 % 3 28 i B 5 B9, 45 2%
W AR 2= 51 R B S IR B R G dE S, A N PR
Bt 78 55 4 Ah B R AN TS . IX R R R AR
0 B 555 28 9 1 AN AXAN R 8 i 3T A T Ol B IR,
T AR RTE Bh B A A% ) SR S . DR E R
T BR300 Sk 5 FSRQIAIL At 7 50V 58 D TR . 48
1M, 7EFRA 5 24 R 4R S L e TR R PR R A ) BL
Lac5 FSRQII %L H A A, ¥ 8187, iX 5 {EFE A
ALAC-DR3™/rb B 25 (6 L 5] — 3. FRBL Lac5
FSRQAP, Hf Hilg 72 238 I 47 &2 3 (radio-loud narrow
line Seyfert I, RLNLS1)tH 445 & [ Hu Bk (1) 5 £ AH
o M T I R S A S 2R A, (EERATT R REAR
AR R LS 28R, AT A S O IX 28R B T
KD, Fez b, H ATRLNLSL HL & B 4 51 i A
BRI B, B % T 204 L UF A7 AE R A, KE
R F /N T 1. BAMESE R, FEA T
H14C+55. 17 FL 4 R B 1% 19 K RBE S W &5 44 DL %
RO BN 5 S R AR AT, AR — AT BRI AR R
St RV LR A A R TR A R ol e A HERR T

Bk 76 E 4> 35, R AR AR T DUAR BiE [ 25 4
SFF VBT ) 7 B K1) . R AR T ) 7 1 U (1 UEe A
PF-AFAE IE 7] 1 SR BE, DRI UL, (7] 25 4 S W A0 0l
T 4T U (R 06 ) PR AT AR vy, IS BT O
R Gh R HSPE AR 1 ey B U6 (1) V& A LLLSP (1)
WA A1 B v A0 ST 2 1t L LSP ) B AR Y. K
FSRQNLSP, MMiBL Lack A [ [F] #5 U 45 U] 43 Aii
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Table 2 The basic properties of event horizon photons in blazars

4FGL name Low-energy counterpart Energy Flux PL index lg (VI) Spectral type SED type z
4FGL J0008.0+4711  MG4 J000800+4712  1.87 x 107 2.05 0.8 BL Lac LSP > 1.659"
4FGL J0022.5+0608 PKS 00194058 2.23 x 107" 2.15 2.3 BL Lac LSP 2.86!"
4FGL J0033.5-1921 KUV 00311-1938 2.89 x 107" 1.75 2.0 BL Lac HSP > 0.505"
4FGL J0043.8+3425 GB6 J0043+3426 247x 10" 1.94 2.4 FSRQ LSP 0.966""
4FGL J0050.7-0929 PKS 0048-09 3.65 x 107" 2.01 2.2 BL Lac ISP 0.635
4FGL J0108.6+0134 4C +01.02 1.14 x 107" 2.36 3.9 FSRQ LSP 2.1
4FGL J0120.4-2701 PKS 0118-272 3.39 x 10" 1.92 1.6 BL Lac ISP > 0.55819
4FGL J0237.8+2848 4C +28.07 1.23x10" 229 3.9 FSRQ LSP 1.206""
4FGL J0238.6+1637 PKS 0235+164 9.17 x 107 2.19 3.8 BL Lac LSP 0.9417
4FGL J0334.2-4008 PKS 0332-403 3.08 x 107" 2.18 2.7 BL Lac LSP 1.35782
4FGL J0349.8-2103 PKS 0347-211 1.30 x 107" 2.5 2.6 FSRQ LSP 2.9441
4FGL J0428.6-3756 PKS 0426-380 1.92 x 107° 2.1 3.7 BL Lac LSP 1.111
4FGL J0433.6+2905 MG2 J0433374+2905  2.60 x 107" 2.11 2.3 BL Lac LSP 0.91°Y
4FGL J0457.0-2324 PKS 0454-234 1.81 x 107 2.2 3.6 FSRQ LSP 1.003%"
4FGL J0538.8-4405 PKS 0537-441 1.57 x 1077 2.12 4.0 BL Lac LSP 0.894%
4FGL J0630.9-2406 TXS 0628-240 4.81 x 107" 1.81 2.1 BL Lac OSp > 1.238F
4FGL J0808.2-0751 PKS 0805-07 593 x 10" 223 3.2 FSRQ LSP 1.837"4
4FGL J0811.4+0146 0J 014 3.39 x 107" 2.09 2.6 BL Lac LSP 1.1485%
4FGL J0909.7-0230 PKS 0907-023 2.12 x 107 2.28 2.2 FSRQ LSP 0.957°
4FGL J0957.6-+5523 4C +55.17 9.05 x 107" 2.01 1.7 FSRQ LSP 0.9
4FGL J1107.6+0222 NVSS J110735+022225 5.71 x 107" 2.01 0.8 BL Lac ISP >1.07484
4FGL J1159.54+2914 Ton 599 1.05 x 1077 2.19 3.9 FSRQ LSP 0.725*
4FGL J1253.84+6242 NVSS J125359+624257 4.58 x 1077 1.96 1.7 BL Lac LSP >0.8670*
4FGL J1303.0+2434 MG2 J130304+2434  1.61 x 107" 2.19 2.4 BL Lac LSP 0.993*07
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Table2 Continued
4FGL name Low-energy counterpart Energy Flux PL index lg (VI) Spectral type SED type z
4FGL J1310.5+3221 OP 313 3.58 x 107" 2.3 3.0 FSRQ LSP 0.996"!
4FGL J1316.1-3338 PKS 1313-333 2.32 x 10" 2.32 2.8 FSRQ LSP 1.21P%
4FGL J1345.5+4453 B3 1343+451 9.32x 107" 227 3.7 FSRQ LSP 2.54281
4FGL J1419.5+3821 B3 1417+385 583 x 10 246 1.7 FSRQ LSP 1.832%)
4FGL J1427.0+2348 PKS 1424240 1.15 x 107" 1.82 2.6 BL Lac HSP 0.604"
4FGL J1427.9-4206 PKS 1424-41 3.48 x 10"° 2.2 4.2 FSRQ LSP 1.52204
4FGL J1722.7+1014 TXS 17204102 1.24 x 107" 2.23 2.1 FSRQ LSP 0.7321%
4FGL J1748.64+7005 S4 1749470 452x10" 2,03 2.7 BL Lac ISP 0.77"%"
4FGL J1918.2-4111 PMN J1918-4111 2.46 x 10" 1.95 2.0 BL Lac LSP > 1.591%
4FGL J2147.3-7536 PKS 2142-75 458 x 10" 242 3.5 FSRQ LSP 1.139'%
4FGL J2232.6+1143 CTA 102 419 x 107" 2.29 4.9 FSRQ LSP 1.037
4FGL J2253.9+1609 3C 454.3 8.44 x 107" 2.39 4.9 FSRQ LSP 0.859*

Note: when the redshift value is marked with an asterisk, it indicates that the redshift measurement is based on a

single emission line/absorption line. Energy Flux is in unit of erg-cm s™', with the integration range from 0.1 to 500

GeV. lg (VI)>1.4 indicates significant variability, where VI stands for variability index.
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Detections of Fermi-LAT Blazars at the y-ray Horizon
by the EBL Absorption

MA Xiao-lu LIAO Neng-hui LIU Qiong
(School of Physics, Guizhou University, Guiyang 550025)

AsstracTt Extragalactic Background Light (EBL) is the cosmic diffuse electromagnetic radiation that
ranges from the far-infrared to the ultraviolet bands, and contains important information on the
evolution of the universe. Since during their traveling through the cosmos, the y-ray photons are
suffered by the yy absorption by the EBL, investigations of the y-ray opacity of the universe are helpful
to understand the EBL. Detections of y rays with significant EBL absorptions (i.e., 7,, 2 1) from
distant y-ray sources, is an effective and direct approach to constrain the EBL models. In this study,
after careful selections and thorough redshift scrutinization on the sources listed in the latest Fermi-
LAT y-ray catalog, we perform systematic Fermi-LAT data analyses on 448 y-ray sources. By
comparison with the widely adopted EBL model, 46 horizon y-ray photons from 36 blazars are detected,
of which the most distant one is at redshift of 2.944. Among the blazars, the numbers of flat spectral
radio quasars (FSRQs) and the BL Lacertae objects are equal. Further temporal y-ray analyses reveal
that occasionally arrival of the horizon photons coincide with the unprecedentedly intense y-ray flares.
Detections of handful of horizon y-ray photons from the FSRQs put a tight constraint on the location of
the energy dissipation region of the jet. Meanwhile, the blazars that emit horizon photons are crucial
targets for the observations of the next generation of the space and ground y-ray telescopes.

Key words galaxies: active, galaxies: jets, cosmology: cosmic background radiation
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