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W et /keV ZHECHR | BREE /s FUERE/d S50k
Swift J1626.6-5156 10 [17] 15.35 — [1X]
XMMU J05 10 [35] 61.23 80 [R¥]
KS 19474300 12.5 (6] 18.7 40.4 [89, o0
4U 01154634 14, 24, 36, 48, 62 [34, B7-89]|  3.61 24.309 (o]
IGR J17544-2619 17 (0] — 4.926 o]
4U 1907409 19, 40 [0, B2] | 437 ~ 440  8.38 (03]
4U 1538-52 22, 47 (3, 24] | 528 ~ 530 3.728 54  [ud, O]
IGR J18179-1621 22 (a5, 6] 11.82 — [o6]
IGR J18027-2016 23 [a7] 139.612 4.469 [o7]
28 1553-542 23.5 [47] 9.278 8 30.6 [4X]
Vela X-1 25, 50 [49-51] 283 8.96 [08]
V 0332453 27, 51, 74 [652-54] 4.375 34.67 |09, 0]
SMC X-2 27 [55] 2.73 — [55]
Cep X-4 28, 45 6B, 57] 66.25 — [56]
4U 03524309 (Xper) 29 58] 835 250 [o0, 0o
IGR J16393-4643 29.3 59] 904 — [59]
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J 16493-4348 30 [62] 1093 6.782 (0]
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GS 1843+009 207 [81] 29.5 — [74)]
LMC X-4 21.47 81 13.5 1.4 (0]
25 01144650 227, 447 82) — — —
GX 1+4(4U 1728 —24) 347 53] 228.508 — [125]
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W fe /keV SEHR | BRI /s FUERAI/d &5 3k
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GRO J1744-28 4.7* q] 0467  11.8337 [133, 134]

P FE 7 BOR R A 2 RRTRAE NI (S " FOR AR T RESURBEA £ 1038

M m AT LA, oK 2 B0 P OOULIN 38 JE AT B e U 2, — SR ORI B 1 2 B 1 AT [
WEMLUCLE, 14U 0115+634 o JLLE4E, W20 X SHRRIBARIIR R, W2 m
D75 T (O RE TS A T M0 R R [RIES S L) g T P 9 3t R B T X S R DU IR AR A 55
iR =,

3.1 ESIENEER ke ERNER

AT S I R B, A 4 D R AN BRI ) 5 A [ e R s T YR R R E T
By, & B DA AT R A 2R, LR AT [ i W A R 11 B L AT (] i R A R 1) SR
A I A AT R RS 2R (SR AU 1907409 4U 1538-52" 7 Vela X-1"7,
Cep X-4"", Her X-1"""7 I A 0535+262" s 0MF] — B LA_L [ e il 28 1 YL 38 4U
01154634 (FLFY), V 0332452 (=F1) 1 MAXI J1409-619 (=F), HH 4U 01154634 s&ME—
AN FLIN ) LA VA e i £ IR (LR B). ARYESR (), R E e U £k fE B S FE AR
[ e 2R e B 1 LU AR B i RN 20 SEBRARINAIL, T —2eyi, ZWERT 25 x5
—UeYR, AT 2. HHEKT 2 BifERh 2 A R IR &k S e, Bilin Vela X-1 Al
A 0535426 "7 HAE/ANT 2 MR IAHRT G BOMABTE, A0 AU 01154634 BT AAT]
XS Cep X-4 HIMLI AT, I i 1B AT [l i@ W i 46 e i 5 601 ] TR W WA 28 e 1) LR ABL 2R
170 3X— R0 25 A AR SR B Vs A0 5 R AT [ e W I 2R mT RETE I TR TRl i B, sl 1% R 40 A
BRI
3.2 EEEZRM

MATTRE AR — LB TS, (R e W R 28 AT REAF T8 B A2 IO TR, a5 A3 [ e MR i 28 T e
FAERE (wing) BAR™ ™ ™. 2010 45, RXTE PE@IEX V 0332453 WM, K I H
[ e % AT 28§ TR AR B 7 v 7 R BB 16 2% R SRR . Doroshenko 25 N7 75 2017 45
NuSTAR T EXHZEHEAT BB, HFHEA M EBX PR, MATEsEH, Bk
RIOE FPERTREIE T X SRR L A B A E M. BR T V 0332453 4b, NuSTAR i
WE] Cep X-4 BAE 20 H e ik kR ™. 2017 48, Maitra 25 A" Suzaku Sl K
B, ARJEFEIR Xper AeRE A2 EIE S ARG [ e I 2. — MR R, 2 2% 1A [0 e Wi i 2% 7
SR A A 7 A1 ' B 98 v e 0 3 Mukherjee FlI Bhattacharya[ldg]ﬁ\yil, AR e 5 5 0 o )
(52 24 [ e RS 2R TR, AT RE T R R = 3 AN Fa e Pk S B AR ARG 4 s 177 Mushtukov
i NNy, X FHEL AT R TG AR AL B AR T S 25 15



2 MK, & X ST e BT FUik 135

3.3 WEESHAIEXM
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FERIR AR R B S T LIRS 2 1 SRR E S 240 [l ek IR S 24, B
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*2 [IRERBERESSH
Il e i & A5 5

; 4 N .

" IR e eV e eV R oV Ry
Her X-1 0.9379:03 22108 40.41905 64755 0.767558 [37]
4U 0115+634 0.2610-10 10.0455 16.4104 3.6702  0.781007 [87]
Cen X-3 1.2419:01 21.37073 30.470% 71792 1.0875:%2 3]
4U 1626-67 0.8879-02 6.8703 39.379¢ 6.670°% 2.1%52 [B7]
XTE J1946+274  1.147002 22.0708 34.970% 48732 0.270 1 [32]
Vela X-1 0.0073:99 17.910:3 24.4795 09797 0167512 [B2]
4U 1907409 1.23615:097 135702 18.3704 16102 0267003 [37]
4U 1538-52 116179593 13.5715:02 20.6675:0% 2157904 0.5750 [37]
GX 301-2 —0.0275:94 17.3155 42438 8.07L8 0.5793 [32]
4U 03524309 1.827005 57112 28.6715 9.071%  0.667513 [32]
2S 1553-542 0.539:08 5.591017 23.461032 10.8+1 0.67003 [E=]
GX 304-1 1.2579-92 277199 54.5%58 9.8729  0.7570 58 (73]
IGR J17544-2619 3.0704 4.0479:02 16.8752 2.675¢  0.4970:08 (]
IGR J18027-2016 — 12.937928 23.2710 5357058 0.16100% (7]
MXB 0656-072  0.891997 15.579:2 32.8%073 11.8710  0.3810.02 [65]
RX J0440.944431  0.757992 184711 31.9%13 6 0.3715:%¢ [62]
Swift J1626.6-5156  1.1179:94 10.467053 10.237059  0.997037  0.09715:92° (%]
XMMU JO5 0.2551 121 9.0194 21107 0171003 %)
KS 1947+300 0.98270 072 24.210-¢ 12.2795 25708 0.1670 52 (8]
V 0332453 0.1215-908 9.2115:%% 25.927007 5441008 1.917002 (5]
GRO J1744-28 1.261007 18.41001 437003 1.2793 012004 [T52]
IGR J16393-4643  1.8199¢ 5.010% 293411 4*5 0.4191 [59]
IGR J16493-4348 0.4795 1975 3214 — 0.6702 [62]
RX J0520.5-6932  0.87+9:04 1072 31.3798 59707 0.675:98 [63]
A 0535426 1.6270:44 — 455113 109742 18104 )
1A 1118-61 0.7315:9° 16.5725 55.111-¢ 104738 0.8791 7]
GRO J1008-57 0291593 — 78+3 117§ 0.81790:15 53]
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%, R E T B IX B S G FE TR 2 HOE, anfE @ a) A b) Frw.
L& L,, \\\ J"ﬁ‘ IysL,
AP — | / 1ﬁﬁ$?ﬁ;—»\ v %Eﬁm%@m
=7 \
e \ ; T \ f
a) b)
“\x % l 5 ,r"" L=sL, \ ‘ , LxL,,
\ / TIDESEL O S —
B \Q‘FH /
Vo m \ 1
EH%E%B——»c::> Ilnm-F _____ /A
E%ﬁk%84—><::> ...... o
R X v L
V BN ; - ' ﬁﬁ@ﬁ%ﬁm
EEAHEh, BRIRE— \‘ LEE LY E%H%EA
HTE ’9‘ e ‘f‘
c) d)

T a) WA : Lx < Leow < Lorer HYEHERSTIEAR: b) WIEFIE: Lx < Leow < Lories HYER
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Hr, by MG AR X RHEREE, 7o AHIEPMNEEE (Thomson optical depth), Lx #& X
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Investigation Progress of the Cyclotron Resonance Scattering

Features in X-ray Binaries

YE Chang-qing'?, WANG De-hua'?, ZHANG Cheng-min®*?, WU Qing-dong!»?

(1. School of Physics and Electronic Science, Guizhou Normal University, Guiyang 550025, China; 2.
Key Laboratory of Radio Astronomy Data Processing in Guizhou Province, Guizhou Normal University,
Guiyang 550025, China; 8. National Astronomical Observatories, Chinese Academy of Sciences, Beijing
100101, China; 4. University of Chinese Academy of Sciences, Beijing 101400, China)

Abstract: The cyclotron resonance scattering features (CRSFs) in X-ray binaries are tools to
directly measure the magnetic field of the neutron stars. CRSFs are the multi-order absorbtion
features in the X-ray spectra, and more than 30 sources have been detected. The energy range
is 10 ~ 80keV, corresponding to the magnetic field strength range of 107 ~ 10° T. In the past
years, the progress of the X-ray detection ability has greatly improved observations and theory
of the CRSFs, with the findings including the ratio between the energy of the harmonic
and fundamental, the complexity of the cyclotron line shapes, the corrections between the
morphological parameters, the correlations between the energy and the X-ray luminosity, the
pulse phase resolved spectroscopy and the long term secular evolution of the energy. In the
future, the CRSF's will make a contribution to the investigations such as the detection of the
high magnetic field, the probe of the magnetic field structure of the neutron star and accretion

column physics, and so on.

Key words: X-ray binary; neutron star; magnetic field; cyclotron absorption line
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