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Table 1 Gamma-ray observation spectrum classification based on energy

Energy domain Energy range

Low- and medium-energy 0.1 MeV—-20 MeV

High-energy 20 MeV-30 GeV
Very-high-energy 30 GeV-30 TeV
Ultra-high-energy 30 TeV-30 PeV

Extremely-high energy > 30 PeV
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Table 2 Gamma-ray observation spectrum classification based on observing technique

Energy domain Technique Typical missions
Coded-aperture INTEGRAL (INTErnational Gamma-Ray
Low-energy i
Telescopes Astrophysics Laboratory)[6]
. Compton ;
Medium-energy COMPTEL (The Compton Telescope)!”)
Telescopes

. . Fermi (Fermi Gamma-ray Space Telescope)® and
Pair-production

High-energy AGILE (Astrorivelatore Gamma a Immagini
Telescopes L Eggero) (9]
Imaging H.E.S.S (High Energy Stereoscopic System)™1%,
Atmospheric MAGIC (Major Atmospheric Gamma-ray Imaging
Very-high-energy Cherenkov Cherenkov)™!,
Telescopes VERITAS (Very Energetic Radiation Imaging
Telescope Array System)[m]
Extensive Air Tibet-ASy*¥and HAWC (High-Altitude Water

Ultra-high-energy
Shower Arrays Cherenkov observatory )™l
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Fig.1 Schematic of the electromagnetic cascade
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Fig.2 Schematic of the coded-aperture telescopes, Fig.3 Schematic of the Compton telescopes, this

this figure is from reference [24]. figure is from reference [24].
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Fig.4 Schematic of the pair-production telescopes, Fig.5 Schematic of the Compton-pair production

this figure is from reference [8]. telescopes, this figure is from reference [37].
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Fig.6 Schematic of two kinds of ground-based gamma-ray observing techniques. The IACT is shown on

the left, and EAS array is shown on the right.
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Fig.7 Schematic of the IACT, this figure is from reference [22].
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Fig.8 Schematic of the WCD, this figure is from reference [41].
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Table 3 Comparison of the detector typical characteristics using 5 kinds of

gamma-ray detecting techniques

Coded-aperture Compton Pair-
telescopes telescopes production TACTs EAS arrays
Parameter
(INTEGRAL- (CGRO- telescopes (H.E.S.S.) (HAWC)
IBIS) COMPTEL)  (Fermi-LAT)
Energy 800 keV— 20 MeV— 100 GeV—
15 keV-10 MeV > 10 GeV
range 30 MeV 300 GeV 100 TeV
Field of
. 8° 1 str 2.4 str < 5° 2 str
view
Angular ,
. 12 1° 0.15° <0.1° 1°
resolution
Ener 8% @100 keV, 6% (>
8y ’ 8.8%@1.27 MeV 6 ( 20% 100%
resolution 10%@1 MeV 10 GeV)
Effective 2600 cm® (CdTe),
é ) 10-50 cm? 1 m? > 10* m? > 10* m?
area 3000 cm*(CsI)
Observing
G 100% 100% 100% 10% 90%
ime

3 MR TR R THR
3.1 ZFEFRMNERFHRE

19674F0SO-3 T2 KB 1 IR HL i S 5 £ 5 FAE W 1 4R 2R 02 — A B 5% 0 78
S5 5 M 7, a0 B9 7S BT R, fH R LR BB BE 70, TE 2 AR R R B,
TS AL bR B AE SR RN R LRI 46 BE P i e . 1972F ISAS2 P E H ikt T R A
SRt 7= SCH N 5 5 28 5 45 SR 10 2 S5 I COS-BER N2 T 254 B8 & K F100 Me VIl
Ty 5 28 R R 2 ) T S s R B, oA Bt R UYL 19914 B N T G 4k R S0 &
CGROJH%, B4 WEGRETHR M 2% & 11 Jy 5L 31 i o 70 B2 38 4 F T 44 000 s g 1
055 55 e, R E) 72710 5 RV, SN S R OR L YR EEAT TR B R g3 2
WE BN E R (AGN). KREZEIE R(LMC). ikt 2. BEE DL & — L REff A )3, W
B0 fiRi. 2 G Fermi P2 NEGRETF A 20084+ 2 JFi2 47 £ 4, Fermi-
LAT & BA = R K 75 g, SR REB20 MeV-30 GeV, TR R UL #AA L
FEGRETXH2F T — AN &L, [FE, Fermi-GBM (Gamma-ray Burst Monitor){f 4
T BR IR 2%, PRI e BNS keV—40 MeV, = £ H] T~ W Wil 15 &, I 72 47 W0 % 25 U ) o
EXTLATREAT #7015 — 21002, 7E20174 35 EIOE T3 5] 719K 3L & (the Laser
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Az (PWN)EE, anl1045 sl i@ R T $oKA00, o I 2 /e = A= Hh i1 (195 30
B RTXS 0506+056%52. bk, B AFIAGILE(ES 1200746 TF 45, [ 7 ML 3] 7 3 i
AN AN S PEAL, BRI E T BOR R B A EERRKI LSS, Fermi LEMAGILE
EXRAETFHETEES TR T gD R AR Rk 21040 yrH, B
PRI 2% B8 0 B AN W 52 T, FOR R 2 1 00 S Y8 4 AT R I, RABLE T A F 1K
3N 2 1AL 45 2 1) 1 v RE A S5 5 g H

20024 & HF INTEGRAL T2 [WIBIS PA J 20044 Swift TLE FIBATYE A gmtdfL12
B EARAE N S R SCh B T EE SR, ELAIINTEGRALMI & 1 AR 226 Al K
S UERH TR RSP IR A S AR AR BT A Swift TR AR 2RI B K 211007 GRB,
WESE T GRBAE N i 408 2 5 MRE AR AT IR S, $240% 7 56 T SR e A 1 S A5 2 25 L.
AN, TAE9 yrT-20004E B 7% I CGROMICOMPTELAE Ay H i LAt 5%, M Cas AFRIF)
THATI O AR 2R P2 MR HE1.809 MeV 2k 22| 1 AR ] b 0a26 ALK 03145 {H J2 M B
Frfein D R, FREERI B IS NS B2, A N S gm H 1B kA

Il

il
W

|
1
| T
AN
i
. l { ! K
DK
T

B9 S LR DRI R, 7 80SO-3MMSIERE, £ 5COS-BmSIERE (4 H2CG). ZLERAT
Wk[45], 43k A SCHR[47].
Fig.9 The observation results from gamma-ray satellites. The gamma-ray source sky map from OSO-3 is

shown on the left, and from COS-B (catalogue 2CG) is shown on the right. Left panel is from reference
[45], and right panel is from reference [47].

2https://fermi.gsfc.nasa.gov/.
Shttp://agile.iasf-roma.inaf.it/.
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Fig.10 Map of gamma-ray source locations in Galaxy. The third EGRET catalogue (catalogue 3EG) is
shown on the left, and the third Fermi-LAT catalogue (catalogue 3FGL) is shown on the right. Left panel

is from reference [48], and right panel is from reference [19].

*4 TEESEFINSEEMDIEREREB

Table 4 Catalogues from space missions in high-energy gamma-ray sources

Satellite or experiment  Catalogue Year of the catalogue Number of sources

COS-B 2CG 1981 25
CGRO-EGRET 3EG 1999 271
Fermi-LAT 3FGL 2015 3033

3.2 HEHNERFHRE
S TAC i B i S B2 gt B A R AR DT AB B I B 45 (WHIPPLE) T-19894F A i 21 1
SRR SIR R R =, AR EE B R aein & R S FFiRns.

BEETACTHE ARFEASFESH AR K E, 5520 Ffin 0 227 B3 tH i i Y. PATACT
FiAR K R KIME % CATRE S (The Cherenkov Array at Thémis)P4, &= AE N 5 26 K
Y5 (HEGRA)FFEA PSRRI, H A A A B 5 5 28 K SC & (CANGAROO) P!
. HIGEI, N T B TACT AR 73 A8 1 Bk, — S8 /N 238 Bt 9 U8RI SR BOR T 72
VA 57 T B B AR AT R R TR A UIE R O (THEMISTOCLE) 2 8, ARk A%
ISR B e A 5 AR B AE, (A2 L 73 P R B S5 P BB 48 bs oy I8 21 55 34
Sl T B B ) R R, B AT 20055 27 A5 (B AN FE 4k St ST X Rl B im R R 7). ARVEAE BT
2275 7 AL I MilagrosSE 36 T-19994E FF 4R18 17, 1E N KR WCD, Xa‘jl:iléﬂ%é%/‘ETevE’a
0 2 S 2R 3047 M) 4 2 S 2R Hh Bl 5 B B AR 0 25 R (K 7E20004E /2 47 ), 7
5 Y5 E 0 45 0 L2 BB D @R R, 43 i R Bk A ﬂwﬁi%‘ﬁ%ﬁhmx
J1713.7-39461581, W AEMrk 421, Mrk 501. 1ES 1959+650. PKS 2155-304659 FI1ES
142644280601
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H AT 28340 Hh F i 5 R S0 ¥ 4 08 & ITACTMIEASFE 71 o &, IEEA K+ 5
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MAGICMIAVERITASM ] SR A i K F142(10-15 m) 3 iz Bt 41 i 5 41, it — b
TEHEITBEN AR RS PR, AR TR 3 EASKE 71 &
B PIWCDA E, #Tibet-AS~yISIFTHAWCH 5 78 A5 W 2= W0 B 5. Tibet-AS~AN
HAWCT R W FATT 96 T B8R 2 25 vp IRORE 7 T R0 4 5 140 b 74 PR e 0 b S A 381
5 RE, IXUE B T W46 T R A IR R & i 2 8201 PeVIS2. Tibet-ASy7E
201947 H B IR ER I 3] 7100 TeV LA _F 0 B 53 28 <551, o i & g & ik450 TeV (75
X PG ATE B B OE SR R I m RE R TS TeVI6fn) M. #£20201H, Hmpgl L&
227N Te Ve Bt AN B PRI 1 3% B2k 158 357 10 Te VAN S 954 H w05 95 1) 43 A
WE1LR.

B 11 TeVAEEAN D IF /5 Ai B

Fig.11 Map of TeV gamma-ray sources in Galaxy

3.3  REHMERFiHRE

A A R HLTH PRI 8% O A maE. HmaEREBLIAE T K E AU, BT
WL A B BE B BOuE A O IR T B AN, ESAMJe-ASTROGAMBS! A — AN ¥ f
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FTE BE 5 $r A /R 7 5 U048 Bl K 2237 85 4 5] (Cherenkov Telescope Array, CTA)G3IAl
wh ] DU )1 38 ) s v R T 26 DNk (Large High Air Altitude Shower Observatory,
LHAASO)64-651 B FIACTH A, CTAS i K /INE DL K v B 00455 i A 2 1l 11 22 3t
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R EE N, TF% Ne-ASTROGAM G 2 5 M55 35 4+ R I i Y, AMEGO/&NASAIL
AR TEAT 55 FURIBY B, A S S i, 1 X F-20205 A6 45 R 5, R 35 I AS B o 1k A5
H BB B () AR Sk A 52 2 W B, CTA T-20054E FFEA ¥0 R, %1 T-20224F 56 T 6 W 2 18
17, 20254 8 fA i . LHAASOT20154F 8RB E, 2 5 —HAERPEEH. MHE
LHAASOMCTA— & 275 T RIUAI A JI IR 27 n] 1 4k 8240 fg N 20 E 5 ge il 5 5%
ORISR

4 25

5 RO T EE100 keV-450 TeVE: 22 5 /5 18 58 GE 35 UL, B0t AN A ()8 H bR
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gL s, RS s. B s, RARVMeRREE G M & K<
PR FEAIEAR . B BN 50T 5 AL S 8 26, £S5 ARNT0 yrif) A A5
RICFBAT T ERBRB, FATAREMN S 5. S REBUN I8, KA 5 R 1471,
AT I AR AN S ARAAIN S A ER A S F AR N 2 (T R R TE A ER
KA RE. 2075200 S RS S5 AT PSR n) @S SRR
VAT, 5 S 2 B AR JEMURE 5 DAL 4%, IR SE VR R ) R 2 hr s i 5 B 4 0
Dz A o) 76 58 g R A S v I 2 2 I 7 ) A Je . N H BRI 45 I SRR RE UK, R
K20 yrip A B AE A NE H BIRFE 7 H 2 2 8] e-ASTROGAMAMAMEGO (## A
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A AR R AR E$4E5% (the fourth Medium-size mission, M4)J8& FESAMEAER. %1 T20254 & H 105 H
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Fig.12 Differential 50 sensitivity of gamma-ray telescopes (1 erg-cm™2.s7! = 1 mW-m™2). Fig.12

[2-3, 38-39, 66-67] yder the same coordinate system

composes the previous 6 different sensitivity figures
(the new curves are taken the average from different curves when different figures have inconsistencies in
one curve of the same mission). Colors distinguish the different detecting techniques, yellow for the
Coded-aperture telescopes, blue for Compton telescopes, green for pair-production telescopes, red for
IACT, and purple for EAS arrays. Future planned missions are shown as dashed lines, exiting or past
missions are shown as solid lines. The grey lines show the 1 mCrab differential energy flux, as well as

10%, 1% and 0.1% of that flux.
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The Review of y-ray Astrophysics Observing
Techniques

FENG Si-liang? ~ FAN Peng!?  HU Yi-fan®*  MA Tian-yu®*  XIA Yan!?

(1 Beijing Institute of Spacecraft Environment Engineering, Beijing 100094)
(2 National Key Laboratory of Science and Technology on Reliability and Environmental Engineering,
Beiging 100094)
(8 Department of Engineering Physics, Tsinghua University, Beijing 100084)
(4 Key Laboratory of Particle €& Radiation Imaging (Tsinghua University), Ministry of Education,
Beijing 100084)

ABsTtrACT ~-rays are a unique probe for extreme events in the universe. Detecting the
~-rays provides an important opportunity to understand the composition of universe,
the evolution of stars, the origin of cosmic rays, etc. ~-ray astrophysics involves in
various frontier scientific issues, and the observed energy spectrum spans over a wide
range from a few hundreds of keV to a few hundreds of TeV. Different ~-ray telescopes
are in need for the different scientific goals and spectral bands. In this work, 5 kinds
of space- and ground-based ~-ray observing techniques were summarized including the
Coded-aperture telescopes, Compton telescopes, pair-production telescopes, Imaging
Atmospheric Cherenkov Telescopes, and Extensive Air Shower Arrays. The progress
in y-ray astrophysics in the past 70 years, motivated by the observation capability,
was reviewed. Great achievements have been made in the high-energy band and very-
high-energy band, while because of the limited missions conducted, as well as a lower
sensitivity comparing with other bands, discoveries in low- and medium-energy are few,
and due to the high observation difficulty, as well as the late start, relevant scientific
yields in ultra- and extremely-high energy are limited. Moreover, the future planned
missions and capabilities of the ~-ray telescopes and their possible scientific outputs
were discussed. Among these missions, low- and medium-energy space telescopes e-
ASTROGAM (enhanced-ASTROGAM), AMEGO (All-sky Medium Energy Gamma-
ray Observatory), and very-high-energy ground-based arrays LHAASO (Large High
Altitude Air Shower Observatory), CTA (Cherenkov Telescope Array) greatly improve
sensitivity than their corresponding last generation, thus expect very likely to further
expand our knowledge on the y-universe.

Key words instrumentation: detectors, telescopes, gamma rays: general
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