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Timing Explorer), NICER (Neutron star Interior
Composition Explorer)fl1ZH} (Insight Hard X-ray
Modulation Telescope, Insight-HXMT).
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* 1 BERIEILNBAIZSR
Table 1 The thermonuclear bursts detected by

Insight-HXMT

Source Burst number
4U 1608-52 ~20
4U 1636-536 45
4U 1728-34 ~10
4U 1730-22 10

Aql X-1 ~40
Cyg X-2 ~10
EXO 0748-676 1
MAXT J1816-195 73
SAX J1808.4-3685 1
SRGA J144459.2-60420 60

B IRFREE RIS : REAE]
IR FR 48 5 Fp 8 X 5 & B R 2k AN R
ZS:ppsak il

Xt FFE S () 72 J L+ F0 & 9 ) iz &, R
KB IAZ & AR IR B A B R A2 7E20034F
RXTEM M 2 Aql X—11 — 4> #4#% £ 31 7] 30-60
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keV 62 2k A IR MR, HEEHAE 20. TEEHR TR 2 A A0 X 48 B 3 5 70 1 XU 28 33
20054F, i i & 3 ChandrafIRXTEM M 3 11 5k & BB ) R 00 T RRURE G 0N 5 BOTE B A R AR
GS 1826-238K1 % N BB, BT A0.5- I F|50 B, DA i X 28 S 2k 1) 2 25 v 2l
40 keV 2 HA 0] 1) BE U A I LR AR S I B2 (IR B2 I ME R BT EE B E OGRS IRTS . BN, X T 4U
M20 keVIE A3 keV?, 20124F, B ATHEE & IFIGR  1636-536, fifl X G £& B 2k & 3 F RXTE/PCANL Il
J17473-272111 L+ Bz B 5 dE, ERXTE/PCA B H K36 2B N4

30-50 keV A GA% ih 2k b, & B0 5 W () 7 16 B 2 IR KRG, £ T EFNS 40U 1636
PE> 5o ke, BRIEEAES0%N LA . 2GRS 536/ — 2, FATE R B T 1 X SR ik, o
) A% 5 R 5 12 R 110 W AP ST ) s XA 4 A BILFT 7~ . X 2 TE 20 184F 5 & 1 1] HH 3L A AN 40 1)
RS, BlinSwift/BATHLE > 100 mCrab, A4 HUZ N E] Y. E40-70 keVHE B 1 X 5 2k 48
T PN 5 b T RE B B REXG 26 5 5 i Bk gk, R SRR 2% LL6.20 (1) 55 325 PR 0L 2, 5 2 /iR
RXTE. INGERGRAL. NuSTARAIE iR 1) % ¥5 RXTE/PCATE — £ 414U 1636-5361) 1 K HE &
R BT RN XS £E 58 B I B2, Bl INIGR KEZRBHMEE R 3. oh, RATFHZR A
J17473-2721%% 0 Agl X-1%21, 4U 1636-536* >, O AT TE RE B RE IS LA, R AT B IR AR
GS 18262382 KS 1731260, 4U 170544, RSP SZIE. BE TG A 45 SRR IR X G 2R I Rk
4U 1728-34%'1) K 4U 1724-30%. tnk2fi~. BUAE K F40 ke VIR FRAR S .

* 2 AERIERIEX STk ERE
Table 2 The hard X-ray deficit detected during bursts

Source Energy band  Significance/ F per F, ) Lag/ Instrument
/keV o /(cts's)  /(ctss D) s
Aql X-1 1 30-60 2 10 5 - RXTE/HEXTE
21 40-50 6 0.4 -0.5 1.8+1.5 RXTE/PCA
10 30-100 ~40 ~100 ~50 ~1 Insight-HXMT/HE
IGR 17473-2721 40 30-50 6 2 1 0.7£0.5 RXTE/PCA
4U 1636-536 114 30-50 3 1.5 0.6 2.5£1.5 RXTE/PCA
1 40-70 6 15 -1 1.6+1.2 Insight-HXMT/HE
7 30-79 - ~1 ~0.5 - NuSTAR
18 30-100 16 - - - Insight-HXMT/HE
GS 1826238 43 30-50 21 1.7 0.8 3.6£1.2 RXTE/PCA
90 35-70 - 10 0 - INTEGRAL/ISGRI
KS 1731-260 16 40-50 4.5 0.3 -0.6 0.9£2.1 RXTE/PCA
4U 1705-44 30 40-50 4.7 0.3 -0.3 2.5+£2.0 RXTE/PCA
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Table 2 Continued

Energy band Significance/ Foe: F, Lag/
Source 71 o Instrument
/keV o /(cts's ™) /(cts's ) s

4U 1728-34 123 40-50 3.4 ~3 ~0 - INTEGRAL/ISGRI

4U 1724-30 1 30-80 - 100 80 - AstroSat/LAXPC
MAXI 1816-195 66 30-100 15.7 40 28 ~1 Insight HXMT /HE
4U 1608-52 8 30-100 22.1 59 29 ~1 Insight HXMT /HE
SRGA J144459.2-604207 70 40-70 4 ~5 -1+1.5  0.81+0.58 Insight-HXMT/HE

Note: the columns denote the source/burster name, number of bursts n used for the derived hard X-ray deficit, the X-

ray energy band used for hard X-ray deficit, the significance of the deficit, the persistent/pre-burst count rate (F,.,),
the count rate during burst (F},), the time lag of the hard X-ray deficit, and the telescope used for the deficit detecti-

(7

on'"’; respectively.

HE 40-70 keV ME 6-30 keV LE 1.1-12.0 keV

50
Seconds after burst

100 150

Bl 1 EIRIEMMEKE4U 1636-53610— LRI 2.
MBS, RUCHRRE. T Reflm e iEa AR M2k, B R a 55
H 1.1-12 keV. 6-30 keVHl 40-70 keV. KAk, #FAEMIE At LT EE

FIE A 2R RIS (] A1 RR 20 A1 s0 1 4 s, SREXIE0N
g ARk,

Fig. 1 The lightcurves of the burst from 4U 1636-536
observed by Insight-HXMT. The top, middle and bottom
panels are the LE, ME and HE lightcurves in 1.1-12 keV,

6-30 keV and 40-70 keV, respectively. The time-bin for

LE & ME is 1 s and HE is 4 s, the green zone in bottom
[4]

e
= He

panel indicates the background level for HE detectors
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R 53, T R 1 B R e S v R el X 2
FSC A 1 7 3
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B, FHLEMAFHEZHM A HE. Hdbb
HlthcompZr MARTE K B 1 B G BR 1) F2 48 5 A
R S DX 3300T 5% 0 5 1R 52 . i A S R AT e A
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Fig. 2 The spectra of bursts detected from 4U 1608-52 by
Insight;—HXMTm. Top panel: the spectrum of the persistent
emission by HE. Middle panel: the detected spectrum
of the bursts. Bottom panel: deficit fraction VS energy
during the bursts.
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S H B EE, I BAEGERY R B (A AR
BRI Gt BART LA WnEI3FTR.
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Unfolded Spectrum

7:100r "

i AT i
2 blackbody
g ol
% blackbody
B L2t
FE th #u"i,hﬁllml il +
:%/ - blackllaody+fa*per51stent
2 5 2F
SR T
O R i
%\ = theo mp*blackbody
B 52}
e RN
s 1 i Ul

1 2 20 50

Energy (keV)

B3 R SR TR SR LTE (R ). A (4 ) Rl A
A () I EI R H F4U 1608527 R A& 45 1
(FH). T TSP A A IR i 22
SRR, f U R A

Fig. 3 Top panel: the spectral fits results by LE (black),

ME (red) and HE (green) of 4U 1608-52 ( f, model). The

three panels below: residuals of spectral fits results by an

absorbed black-body model (the 2nd panel), f, model (the

3rd panel) and convolution thermal-Comptonization model
(the bottom panel)[S].
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Fig. 4 Illustration of the central region of an NS XRB before the PRE phase (left), in the PRE phase (middle) and after the
PRE phase (right) during a burst, in which the inner part of the disk is swept away by the burst in the PRE phase[G]
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Fig. 5 For bursts in the high/soft (left) and the low/hard states (right), we plot the model-predicted temporal evolution of the
blackbody bolometric flux F},, the blackbody temperature T;,, the neutron star photospheric radius Ry, at 4 kpc, and the
anisotropy parameter ¢, which are marked by blue curves. The corresponding observed parameters are overlaid for
comparison. For the burst in the low/hard state, due to the absence of the good time interval of LE, we exclude
data points with large error bars (> 30%) during the PRE phase where T}, < 2 keV, as these fall outside the
sensitive bands of the ME and HE detectors[ﬁ].
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Broad-band X-ray Observations on Thermonuclear (Type I) X-ray
Bursts by Insight-HXMT

CHEN Yu-peng
(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049)

AssTtracT Since its successful launch into orbit in 2017, the Hard X-ray Modulation Telescope
(HXMT), also known as Insight-HXMT, has been operating continuously for over eight years,
accumulating a vast amount of observational data. During its observations of multiple thermonuclear
burst sources, it has detected more than 200 thermonuclear burst events. With its outstanding wide
energy band detection capability (1-250 keV) and large effective area (> 5000 cm’@20 keV), the
Insight-HXMT satellite has conducted in-depth analyses of the energy spectra and time-varying
characteristics of thermonuclear bursts, particularly focusing on the radiation features in the hard X-ray
band (> 20 keV), and systematically revealing the interaction mechanisms between thermonuclear
bursts and the accretion environment. Specific research achievements include: the first observation of
the high-temperature corona cooling process caused by a thermonuclear burst in a single event,
providing direct evidence for the study of the interaction between thermonuclear bursts and the corona;
the first discovery and confirmation of the correlation between the anisotropy of surface radiation of
neutron stars and the accretion rate, offering important clues for understanding the physical processes
on the surface of neutron stars; and systematic studies on the enhanced accretion radiation effect
triggered by thermonuclear bursts, as well as the obscuring effect of the accretion disk on thermonuclear
bursts. These achievements not only expand our understanding of the physical processes of
thermonuclear bursts but also provide new observational perspectives for the study of neutron star
accretion systems.

Key words X-rays: binaries, bursts, stars: neutron, telescopes: Insight-HXMT (Insight Hard X-ray
Modulation Telescope)
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