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How to understand high-energy gamma-ray bursts?
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Figure 1 Cartoon picture of three elemental spectral components that
shape GRB prompt emission spectra: (I) a Band-function component, (II)
a quasi-thermal component, and (III) an extra power-law component!?*!
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Figure 2 Synthetic cartoon X-ray light curve!!

AR 2 R A bt 2 Jre B H 5 X 2 AR ARG L LA
prBe. gz Ab R, fER R D N B, B
AP i S 1 B B A L WusE PSR Fan
NBSSOG BB TE T35 IS I REACRE e b 5
SN BN S O RS2 5 B R I, R R AR
) J 0 ' 2 A P U 2353 2 b IO T 2 A T R (B
E¥E. JFGH B Aoy, J5 & iR R AR
RICEARIT GO 52 51 3 R ST R R SRR, A B
X ERANET UL, Sl e S 10 XU AR X LA PR 3,
HI R A 2930% FHIRE A UL ). 56 R A — 45 R I
AR, JLR. UM H EZ2JUFEREA, My
2 PTG S v AR SN 1) 5 4 1. i £F SR Fermi T2 1)



RE AN 2D 5 4 B2 78 BELAT A J LA {0025 22 Hhogim 3] 1 Rp 28
T [ AR ok g T 4 S A o o TR R R ) Ge VR
BN 2 N A WA S E 1 e i PR ] SR A A 1421
A1 5% A M A S R LT AR 4 Mészdros FlTRees! !
PR AN R BT TS . 5, Dai Lol 43 4
WA AT & B E X, i — B H 25T R
TE B — 50 Hp 2 AT 6 A0 i N e R (18261, 15 It ]
i, Huang®s NWSVE ST 7 — AN 1] G0 — ik DA 18 P
T AL B HE A 1R B AN B ) TR, ST R
V. BT A RE, AR 1A% T 28 P T SR JRORE AR P
5 41 15 AT AEFR A S BOB A A b 45 2R B 1 A RS, 1 3

ST PRI 358 U R T AR A D oK A A D ey 4 R DXk
JEHEST, Liang 55 A6 ] I SwiftAudhs 4 #r 13X — B B
4 RE PE T AL AT IS 8] 25 R O AL L, SRR 13X — BRR AR RE.
FIR, 0 18 TN B AR AT A B, SR TSR T
HI Dai FLuJT T (¥ A8 SN B, X T XS 2
KGR, A5 BRI FR A AR R 2 AL AL, TR T A
b I\ YR T R BE R R B i PR A N (8] 8] B 0 B
Dai%s NP2, IR B8 5 16 sl v] fE 2 ol T2 9 A )
SR R AR T R A LB T S B, I R IR
BT WL 0 R I A AT RE A UK R
. Wang%5 NI e X F 2008 K (R e B, Rp Sy
), S Ap I ] S48 1 AR A e it o A, RS OK R
WRDEAFAE — LA LA, A 0 S 1 12 o ALY,

3 51 AR X LA PR L0 AN B i

201549 H 14 H, LIGOZE — R BELEARI B 1 AR
HE 5 R HEIGW150914, BERBENLERIFE T3]
JIPEARIE 1. Hu i 5] 73RN (WILIGO/ Virgo) i
BEERI H A 2 1H R R BOE R AR TR
PAK BRI A, g FEE A, TR
I & FBLAR ME A 0 S5 A7 TE, DRI RS F B AN S = A ]
TR (1 B T e e 2 AA ST, B ik ELIGOR I 21 55 —
i XU EA R I 5] 779 FAFGW 150914 5 A5 A, Fermi T
BERRERME] T — A B B R SR BT HoAth
B 178 B A VA RN X AR, T H Fermi T2 A A 1945
5NKEG T, BT AR 2 0F 70 400 A 57 53X A IR AR )
FLSEPEROL o X B A DA R T R R R A

H T B AR G 21 KE R, AT — A
NIXPIFIFE LR — =7 E 2 R 5T 1 AR S
TGRSR, T B2 IR, /N
SR T R T, TR R 2 R
O PTFEIFAE R TR R T — AT A rh L R AR 3T 2R
TR BRI G, A0 KRR A FTRL T 01
BIFE, O R LU IR, ] DU R B
TP Al KRR R, S F AN =J5
A5 57 2R (1) B s i) SRR W AR ) B 0 o O 7 2
0 SRR B 7 A AR A R R R, e e A e
T LR ZPERIERSE. Q) T BRI E S
7, Bl S A ROKEFBUN PR TT R, XETURAE A
I R FPoRE 7 A SRALURR B 2 I A AR O 22 A A (LT 39).
(3) AEAR XA B (I & 5 90 5 A B B Jo A T
T AR A I [8] (LA ) R 4852 ) S A AR D4 P R
PRI b7 BN, H T R A DR i e o v e A BT
SEY A AR TRCRE B, XU 2 I R B A PR R
AT HEINFE B 3). B2k, WR i U5 2847 18
L2 e LR AU, A R B ) S M R T B 3
¥ B N R AR AR A, X 2 A it 4 I B
R A5 124-55-500 A ffy FY T UL 7 1, L 22 A AT RE HH LA
JLXI 2P G AR AR, LR, A0SR S S A B 3 B A
PEN S L SCHR B S b, — J7 TR O F 5 9
S, A4S T T B B (0 0 A0 R ST, 5 — T e A

B3 b I AL PR L T SR S s
Figure 3 Illustration of several EM emission components appearing af-
ter the merger. A massive millisecond magnetar is formed at the central
engine!®8!
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How to understand high-energy gamma-ray bursts?
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Gamma-ray bursts (GRBs) are short-duration flashes of gamma rays occurring at cosmological distances and the most
violent explosive phenomena since the cosmic big bang. GRBs were accidentally discovered by Vela military satellites of
United States in 1967. The BATSE instrument onboard the Compton Space Gamma-Ray Observatory found two types of
GRBs, long-duration (79 > 2s) and short-duration (T9y < 2s). In 1997, the BeppoSAX satellite for the first time made
precise localization of long GRBs, leading to the discoveries of multi-wavelength afterglows, host galaxies and cosmo-
logical redshifts of long GRBs. These milestone observations were selected by Science as one of the top ten scientific
breakthroughs of the year. In 1999, long GRBs were found to be associated with the birth of stellar mass black holes. In
2003, the HETE-II satellite discovered the first direct association of a long GRB with a type Ic supernova, confirming that
long GRBs are linked to the core collapse of massive stars. Science ranked these two major advances as one of the world’s
top ten scientific breakthroughs of the year in 1999 and 2003, respectively. In 2005, the Swift satellite made the first accu-
rate localization of short GRBs, leading to the discoveries of afterglows, host galaxies and redshifts of short GRBs. These
observations provide indirect evidence that short GRBs originate from mergers of binary systems of compact objects (at
least including one neutron star) at cosmological distances. In particular, on 2017 August 17, the LIGO/Virgo gravitational
wave (GW) detectors, for the first time, discovered a GW event from a binary neutron star (BNS) merger, GW170817.
About 1.74 s after the merger, Fermi/GBM detected a short gamma-ray burst (named GRB170817A). Subsequently, many
ground-based and space-based telescopes detected X-ray, ultraviolet, optical, nearly infrared, and radio counterparts to
GW170817, especially including a multi-wavelength kilonova (named AT2017gfo). These discoveries mark the beginning
of a new era of multi-messenger astronomy. To summarize, all the observations have shown that long bursts originate from
the core collapse of massive stars and short bursts originate from the mergers of binary compact objects (at least including
one neutron star); besides prompt gamma-ray emission, the sources of GRBs produce X-ray, optical and radio afterglows in
timescales of weeks, months and years after the burst trigger, respectively. Theoretically, prompt gamma-ray emissions of
GRBs are thought to arise from some energy dissipation processes in the interiors of relativistic jets and multi-wavelength
afterglows arise from forward shocks due to collisions between the jets and their ambient media. Therefore, GRBs are
not only astronomical laboratories of studying extremely physical phenomena (e.g., newborn compact objects including
stellar-mass black holes and neutron stars, gravitational waves, ultra-high-energy cosmic rays, and high-energy neutrinos)
and of testing the basic physical principles with high accuracy, but also become an important probe of the star formation
and evolution in the early universe, high-redshift galaxies, and cosmology. GRBs now are a multidisciplinary field (in-
cluding astronomy, cosmology, and physics) and thus one of the most competitive fundamental research fields. In this
paper, we review recent researches of GRBs and electromagnetic counterparts to gravitational waves, by focusing on the
relevant key scientific issues, and discuss how to seize the opportunity to plan the interdisciplinary strategy based on the
development trend and the research foundation in China, to maximize domestic scientific equipment achievements, and to
enhance Chinese international influence in this field.

gamma-ray bursts, high energy astrophysics, gravitational waves, multi-messenger, fundamental physics
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