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Fig.1 At |b| > 10°, the cumulative source count distribution of extragalactic TeV sources as a function
of energy flux S at different energy. Blazars, radio galaxies, and starburst galaxies are included in the

sample. From top to bottom, each line corresponds to the distribution at 0.3, 1.0, 3.0, and 10.0 TeV. The
slope of the black solid line is —1.5.
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Table 1 Extragalactic TeV gamma-ray objects with low-state spectrum

Source Gal. Long./° Gal. Lat./° Redshift Class Type Inoue? Reference
H 14264428 77.4872 64.8990  0.129000 blazar HSP  yes [12]
1ES 19594650 98.0034 17.6699  0.048000 blazar HSP  yes [13]
1ES 04144009 191.817 —33.1580 0.287000 blazar HSP  yes [14]
1ES 0806+524 166.246 32.9355  0.138000 blazar HSP  yes [15]
1ES 1312423 307.540 20.0641  0.105000 blazar HSP  yes [16]
RGB J0710+591 157.391 25.4209  0.125000 blazar HSP  yes [17]
1RXS J101015.9-311909 266.896 20.0626  0.142639 blazar HSP  yes [18]
SHBL J001355.9-185406 74.6125 —78.0683 0.095000 blazar HSP  yes [19]
1ES1218+304 186.205 82.7434  0.182000 blazar HSP  yes [20]
1ES 0347-121 201.909 —45.7037 0.188000 blazar HSP  yes [21]
1ES 10114496 165.534 52.7121  0.212000 blazar HSP  yes [22]
1ES 1101-232 273.188 33.0739  0.186000 blazar HSP  yes (23]
B3 22474381 98.2680 —18.5597 0.118700 blazar HSP  yes [24]
1ES 02294200 152.970 —36.6126 0.139600 blazar HSP  yes [25]
1ES 12154303 189.010 82.0459  0.131000 blazar HSP  yes [26]
RGB J01524-017 152.343 —57.5613 0.080000 blazar HSP  yes [27]
PKS 0301243 214.630 —60.1900 0.265700 blazar HSP  yes (28]
RBS 0413 165.088 —31.7076  0.190000 blazar HSP  yes [29]
PKS 0548-322 237.562 —26.1519 0.069000 blazar HSP  yes [30]
PKS 1424+240 29.4718 68.2077 -1 blazar HSP  yes [31]
PG 1553+113 21.9189 43.9602  0.500000 blazar HSP  yes [32]
PKS 2005-489 350.374 —32.6051 0.071000 blazar HSP  yes [33]
PKS 2155-304 17.7373 —52.2477 0.116000 blazar HSP  yes [34]
H 2356-309 12.8563 —78.0419 0.165000 blazar HSP  yes [35]
Mrk 421 179.884 65.0101  0.031000 blazar HSP  yes [36]
Mrk 501 63.6002 38.8592  0.034000 blazar HSP  yes [37]
1ES 2322-409 350.227 —67.6040 -1 blazar HSP no [38]
PGC 2402248 166.001 27.3173  0.065000 blazar HSP no [39]
HESS J1943+4-213 57.7576 —1.29280 -1 blazar HSP no [40]

Note: column 1 is the name of objects, column 2 and column 3 are the galactic longitude and
galactic latitude. Column 4 is redshift (objects with no measured redshift is labelled as —1).
Column 5 and column 6 are the class of objects. Column 7 is comparison with the sample of

11]

Inoue et al.'Y. Column 8 is reference to the TeV data.
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Table 1 Continued
Source Gal. Long./° Gal. Lat./° Redshift Class Type Inoue? Reference
i§1§§52023832.6 229.458 —66.3219 0.232000 Dblazar HSP no [41]
1ES 14404122 8.43790 59.7453 -1 blazar HSP no [42]
1ES 17414196 43.8011 23.3115 0.084000 blazar HSP no [43]
H 1722+119 34.1199 24.4751 -1 blazar HSP no [44]
MAGIC J2001+439  79.0696 7.10150 -1 blazar HSP no [45]
1ES 17274502 77.0675 33.5370  0.055000 blazar HSP no [46]
1R0}2(57;E())81201.8 219.991 19.0945 0.172100 blazar ~ HSP  no [47]
1ES 20374521 89.6928 89.6928  0.053000 blazar HSP no [48]
TXS 02104515 135.744 —9.05080 0.049000 blazar HSP no [49]
RGB J2042+-244 67.7700 —10.8000 0.104000 blazar HSP no [49]
RBS 0723 215.456 30.8893 0.198000 blazar HSP no [49]
KUV 00311-1938 94.2397 —81.2108 -1 blazar HSP no [50]
BL Lac 92.5896 —10.4412 0.069000 blazar ISP yes [51]
3C 66A 140.146 —16.7576 0.340000 blazar ISP yes [52]
S5 0716+714 143.981 28.0175 0.310000 blazar ISP yes [53]
S2 0109+22 129.143 —39.8783 -1 blazar ISP no [54]
AP Lib 340.681 27.5782  0.049000 blazar LSP yes [55]
OT 081 34.9195 17.6450 -1 blazar LSP no [56]
B2 1420432 53.3486 69.5922  0.682000 blazar  FSRQ no [57]
PKS 1510-089 351.291 40.1297  0.361000 blazar FSRQ no [58]
PKS 1440-389 325.651 18.7128 -1 blazar FSRQ no [59]
PKS 0736+017 217.001 11.3698  0.189410 blazar  FSRQ no [60]
TXS 0506+056 195.395 —19.6344 0.336500 blazar unknown no [61]
OJ 287 206.823 35.8189 0.305600 blazar unknown no [62]
NGC 253 97.2910 —87.9651 0.000590 starburst - yes [63]
M 82 141.409 40.5674  0.000900 starburst - yes [64]
Cen A 309.513 19.4252  0.001830 radio gal - yes [65]
M 87 283.738 74.4945  0.004400 radio gal - yes [66]
NGC 1275 150.576 —13.2613 0.017559 radio gal — yes [67]
3C 264 235.727 73.0385  0.021718 radio gal - no [68]
PKS 0625-35 243.452 —19.9976 0.054860 radio gal - no [69]
IC 310 150.183 —13.7342 0.018900 radio gal - no [70]
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Table 2 The lower bound on the cosmic TeV gamma-ray background spectrum
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Fig.2 The EGB spectrum at GeV to TeV band. The lower bound on the extragalactic TeV gamma-ray
background obtained from the cumulative flux of 58 known extragalactic TeV objects at |b| > 10° is
shown by red dots. The green asterisks represent the total EGB spectrum measured by Fermi. The blue
diamonds represent the resolved EGB spectrum by Fermi. Grey triangle is the contribution of each source,
namely their spectrum divided by corresponding solid angle of |b] > 10°, 3.37w. In addition, the major
contributors to TeV EGB are indicated as follows: Mrk 421 in yellow square, Mrk 501 in purple triangle,
H 14264428 in black pentacle, 1ES 1959+650 in blue pentacle, and 1ES 02294200 in green pentacle.
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Fig.3 The contribution of objects at |b] > 0° (4w), |b] > 10° (3.37), |b] > 20° (2.67) to TeV EGB. The
contribution of objects at |b] > 10° and |b| > 20° to TeV EGB is very similar, but the contribution of
objects at |b] > 0° to TeV EGB is a little lower than the others, this is mainly due to the effect of the

Milk Way.
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Fig.4 At |b| > 10°, the contributions of different objects to TeV EGB: blazars are represented in orange
triangles, radio galaxies are represented in dark blue circles, starburst galaxies are represented in red
squares. The purple circle represent the total contribution of three classes. The green asterisk represents
the total EGB spectrum measured by Fermi. Pink solid line is the predicted EGB by Qu et al."! and the
grey shadow is 1o errors. The black solid line is the sensitivity curve of LHAASO for one-year!™. It is

clear that blazars are the main contributor to TeV EGB.
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Fig.5 At |b| > 10°, the contributions of different subclass of blazars to TeV EGB: HSPs are represented

in purple circles, ISPs are represented in green triangles, LSPs are represented in brown squares, FSRQs

are represented in hollow diamonds, unkown sources are represented in pink triangles. It is clear that the
HSPs are the main contributor to TeV EGB.
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Fig.6 At |b] > 10°, all the TeV sources with low-state spectrum are divided into three groups, low
redshift (0-0.069, purple circle), middle redshift (0.069-0.182, orange triangle) and high redshift
(0.182-0.682, dark blue circle) with the same number of objects and a group of objects with no measured
redshift (red square). The average spectrum of the TeV sources becomes significantly softer from low
redshift to high redshift for EBL absorption effect. In addition, the spectrum index of the group of
objects with unknown redshift is between that of the middle redshift and high redshift group. We predict
that the redshifts of these 10 objects are mainly distributed in the middle to high redshifts range.
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An Estimation of the Lower Bound on the
Extragalactic TeV v-ray Background

QU Yan-kun*?3  ZENG Hou-dun'-?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of Sciences,
Nanging 210023)
(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT Fermi satellite released fairly accurate measurement of extragalactic gamma-
ray background (EGB) from 100 MeV to 820 GeV, which dramatically improve our
understanding of the high energy gamma-ray background. But for TeV band, space
detector is too small to help, and we must rely on ground based gamma-ray telescopes
such as imaging atmospheric Cherenkov telescopes (IACTs). Until now, the extra-
galactic TeV gamma-ray background has not been well investigated. In this paper, we
calculate the lower bound of extragalactic TeV gamma-ray background radiation by
using the energy spectrum of low state of 61 TeV sources, including 53 blazars, 6 radio
galaxies, and 2 starburst galaxies, respectively. Our results show that blazars is the
main contributor of the extragalactic TeV gamma-ray background, especially for Mrk
501 and Mrk 421, whose contribution at 0.5-4.5 TeV is about 58%. And the contri-
bution above 4.5 TeV are mainly from the sources H 1426+428, 1ES 19594650 and
1ES 0229+200, and their energy spectrum distribution has been extended to more than
10 TeV. Finally, we calculate the contribution of blazars, radio galaxies, and starburst
galaxies, respectively. Similar calculation is used to subclass of blazars and sources with
different redshifts.

Key words galaxies: active, cosmology: background radiation, cosmology: diffuse
radiation, gamma-rays: diffuse background, methods: statistical
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