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FEIE 2005411 XMM-Newton 2 it 5 6 4 £ 3 B 42 RESO 113-GO10HE4T 1 K3k
100 ks Wi, & A Lomb-Scargle)& Jf B (LSP )2 FANAL /N I 278 4 (Weighted Wavelet
Z-transform, WWZ) #7772 060 088 34T 0 B, KIRATAE S ~2.24 hFl~4.09 hiff i BAHR
% (Quasi-Periodic Oscillation, QPO), B 15 4 A NT7.30M4.80. XHNQPOE T
FIWILEA RZA1:2 (1:1.83) IR AR, R %R HAD W A A K ILQPOE 5, KHIX
R—FEIIMGE. ESO 113-GO109 Lo BATH (1) i & Mpu F1H QPO fopo i & T AT I M
8 A2 2% SR B KT 5 SRR ) P 5 QP OS2 (B X B 2R 1 5¢ & 1R VT B 0% 40 B 2
NEL keV UL AR XSS

xR ER BEBER BHEFRKL A ESO 113-Golo, H#EFHIRE, 7%
Lomb-Scargle B HIE| (LSP), /% MAVINEZER(WWZ)

FEDHES: P157; XEAFRIZEG: A

1 518

i B B R % (Active Galactic Nuclei, AGN)J& — 2 A% X i 3 1 4R %8 1 3 4b
B R, BEIEFRE R B HCE IEA R B E BiE 3 = A, — R BEATIA N H A O A7
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ESO 113-G010 (ZL#2 = 0.026)52& — M E LR, E1ES.4 keVALAFE — K ELLFE I
BRK L2808 MR A R 10026 B, ESO 113-G0105ESeyfert 1.8 &), & [HH 2%
P (CFm A%, FWHM)/NT2000 km -s~1. 5346, ESO 113-GO10/0'% B B A7 5 Z1 (1) 22 4L
AR X S, 7£6.52 ke VANIG6.97 ke VAL TELE P 4% i 2k [10),

TEX S 26 648 ih 26 b 48 R QPO 3F 7 B 1) AGNIFIX 5 28 48 5 ok B W AR 4 1 Y
X, #F 7L QPO T LA Bl T34 14T 57 220 A0 LA [l R AR A B 8. QPO B LY, L
IR 2 FIOB AR BT IR RS, (B IR R — G — I, EmT U b 8% R BLE AN )
PRI e 8] 1 30 AN AR AN 5] (1) QP OAS 5 141 5l 78 ] — U] A fR A [ B 22 HE B T
AR PQPOME S W T QPO 58 47 Hh 1 fif W JE 4 2 V) 38 k8 K0 = 2
WA FRIAR T, ] It i Bt 7 R TR ) B 51 3 ) o 1.

BATHTESO 113-GO101) WL I 4t 34T 7 Ab 22, DU BIQPOFFTEMIEHE. 7EA L
F2T R, BATEANBEEE AT T ROR RS R, SR RMIRA TS IR e 3T A .

2 RS

2.1 HIEAE

XMM-Newton X5 £k B2t &5 tH KK i K 5 T-19994E12 H 10 H & 33t #8346+
MAZ A L2 (EPIC), Hord 3% — PN 28 AI2AMOSER I 2%, 75 A S5 e it e
AL (2RGS)FI— AN 24 WS AR 4% (OM). ESO 113-G010#7 XMM-Newton i il 727X,
73 5l 72 E20014E5 H A120055E11H . 8 A SC H 3R ATTE FH 20054 WLl (1) 248, WD A
0301890101, FHHE LT 9103 ks.

HHE 73 #7242 B B XMM-Newton®} 212 5 H O FR AL 1 B 20 A 0 AF (SAS) H I b
HEFE P IEAT, IRASN15.0.0. B %6, FA1IE T T Hevselect 3k 15 W I £ 48 3+ 45 2 % &
TR BEIR AL B 215 9407 (1) R 48R [X 35k (ROT) I s, Hod Az F 77 4201:05:16.89 A1 7k
#f—58:26:14.81, AEBN0.3-10 keV. ZZFENF [A] B THERE EFAT L gE, FRATTAT DA T
Htabgtigen ]2 4 B 1145 B [8] (8] B S A4 (Good Time Interval, GTT). FATE T. Eevselect
Hff S HPATTERN < 4R 3R 15 & it & RN 20, KA B8 [albiny100 s. 9 1 H
BB SOt ol MR 2, FATERR T 536 XIS [ (0 386 A AT X 42 5 1) DX 3R
N . &a, [ SAST 2epiclecorr B IEAX#8 K &, AR FIESO 113-GO10EPIC-
PN AR 2k, WL 1.

2.2 RTHZLHES

FE BT T e R T ESO 113-G0107E0.3-10 ke VAEEX (11103 ksTEZB AR HIZE. Hy
TS AR S IS T, A R )2 A T i A BdiE, 43 i A Lomb-
Scargle/& # B (LSP) &M InAL /N 7 248 #: (Weighted Wavelet Z-transform, WWZ)
LT AR SCH, JRATTRE R B A X

/N AR A5 AE D I T 1 e RS R A 40 B D R s AR R AR FA, e A T R
A A AP O SRS S I S ER A MR L. AR L) R I ] 5 A 38 S N U AR
VERFR, TATT DAHE S B ST H AT N IR &E & A8 e, 38K A 9 I A 33 5% A
TE RN 278 e, B v 1 A U R SN O J 45 5 i Re 0. FEAR SO, JRATSE Y
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seFosterfE 19964F 42 H 10 772 WWZITL BRA TG 15 2 (1) ' 48 ih 28 3 -7 WWZ 4 #r, AT LA
3 BLERT [ A b 24 B, it 24 K, FRAT AT LA 120 A48 ith 2602 5 8 1 DL &
ZREAA AL E . LSPE /& LombTE19764F LA K ScargleE 19824F 3 H Sk 1t — Fh F- $& JH
WITEAS S5 10 7k 16] g BRWW ZAd i SR B ER 5 v AN ], AR A5 A e T i A
DUV BST 80 73 1) H i ) A, R 2 G vk = SRS AN S0 3 51 R I TR . B D TN
FIU KA 52 ma, e 7 5008 A o] B8 A7 78 AT A0 8 B sl 3, 3 ok vT LTS eAT]
FFTEES
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1 ESO 113-GO10MEPIC-PNAEAEBL R, B LAHR—ESO 113-GO10MEPIC-PNEEAR#HZL, T :-#BA0
BRI R WWZIh 28, T 2350 10 A7 1 S (1 262 W W Z 5 i e )P I 45 S (WWZ), 40 Gy h 2%
FELSPIEAMTHIEE R, 5o B AR P AR CELRRT Hk.

Fig.1 The result of ESO 113-G010 EPIC-PN data processing. The upper panel: XMM-Newton EPIC-PN
light-curve of ESO 113-G010. The lower panel: 2D plane contour plot of WWZ power of the whole
light-curve. The lower right panel: the red and black solid lines represent LSP power and time-averaged
WWZ power(WWZ), respectively; the confidence-level of 50 is shown with a blue dashed line.

WWZ R LSPHIZE R I L T A8, W R 3ATA LUE 2, FIWWZI7 V5 LSP%
Al 7E1.24 x 107* Hz (8064.5 s)Ab KB T — AR mEIIEE (5 51), TE6.8 x 107°
Hz (14706 s)AA7FEH — 55— L i A WIS 5 (15 52).

WAV T PIAME 542 B BEHLEE 75 7 A AR (p) 18], 43 2 B AT IR 23 02 poro,
< 155 x 10710 ({55 1) LA K ppron < 1.05 x 107° (15 5:2), X LM AT yBE AL 75 7
T AR T AR T D R i KT R AR (pr ). HF AR Ao (P 2 p) =
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(1= 2 o) " SR A AL PRI, ST SRRSO (VB

IEHER, thRZ S B Z AR FAP = 1 — (1 — pprop) ™, X EMRASAR RN = 1530.
i, FAVE T oh 2 0 B AE Lk, R FEATR, R aRgREs o8 EE
AE. BAFENE SN BEE K AT.30, [F5200EEEK T N4.80.
2.3 BRIEOHT

N T AR FLESO 113-GO10M BERE 147, A1 FIXSPEC (v. 12.9.0n)195%
HBEAT 20 d. BATTR 8 BL0.3-10 ke VIFEHE, 12 FMallick S 20V ) J7 v, {4 FH 95 Fft B 74
X B AT G

N TR IR B 2R R IR, FE AR (i B2 ) BT e AR A A X 1
SR A 2124 re flionscof 55 R 56 2% 3 AR AR Al relconv 23] i B0 XU 2R R 3T . ZEARR TF4R
T AW (TBabs) J&, #A1#0.3-10 keV EPIC-PN-F #4156 1 FH AH X 18 i S 45 2 (relconv
x reflionx) HEATHL &, WAL A 464 Nzedge. Tl 1477 B8 Cackett ZE MO 5 iR 8N 1 P 2%
F T2k (zgauss (1) zgauss (2)), NIHIRME T A SIS0, AL RER, Mgy
AL F6.49 keVAIT.01 ke V.

FAh, FERRTE2 (B3R ) FR A IR I L 58 B TH B T 208 1 TR AR U A T (zpowerlw)
DL K R ] 22 W AR Y (T Babs), {5 FH Wilms 5 1250 f A3 488 10 A1 2 B A J5 W U (Interstellar
Medium, ISM)EX} AT EPIC-PNE i 347 6 1% 70 B, FRATPH &5 74 2 B ] 7€ 7F N
= 2.30 x10%° cm 2261 ZARAYET DU DA A 2 1A Sk 1 IR R X 2 R S 1) 1R G AR R A
Y. U B WSCRE AR Y (TBabs x zpowerlw)flA, FEKXIF LR Ab iR ZIEH K, #R T
FAAERT1 ke VAKX 22, R FRATIASE FH 157 0 1) A ABE ZRY (zbbodly ) W XU 2k 6 % 5
BEAT ERERE. 004 HOR () BAR IRk Tp = 94.9 eV, X 5000 2] NS 38 1 iR i —
BTl phAh, BATHEINN T 56 W2k (zgauss) IR RI 0L 304 45 5 5 oR W 4% i 4%
£176.52 keVAIT.01 keVAb.

G & B3RS BHH T L1, R, ZROREWRITHE T ERS R
i 2 18] (1 0L & P2 B 7E90% B 15 B PRl N 10 R 7 DA R BL A AR B2 Jo, T R L ) Sl
SN1238.07/1.025F11342.84/1.11, SRl &0 E #F AR5 .

3 BEEMTTHe

TEARTCH, FAT 8T 7 XMM-Newton X828 ¥ 5 6 NLS1 ESO 113-G0107E20055
AL K3, 538 T EAE2.24h (1.24 x 10~* Hz) kb A — AN BA5 B ik 7. 30 10 (S
5. TEXMM-Newton ] 75 — JOWL I B 88 o, AT A RN 25 5 W H . wlE
Mrk 7664, 1H 0707-495B54%, FATIANESO 113-G0104 FIQPOAE F & — AN E Bl
AR S, fEZ T FIF T, 1H 0707-4957E [ — O A AN TR B 2 tH B T 1:2F0 A~
JAIAMEAS 5B, Mk 7660 7EAS [F] BRI o H B0 T 2:3 14 A A MEAE S T 7RI K
M FATEES], ZEESO 113-G010/16.8 x 1075 Hzhb A — AN EMME S, HEEE
21 N4.80. XN EBAVESS S I LR 20 81:2 (1:1.83).

HFQPOM LI M AE 2, (HR2BE AT 8 A N, QPO 5 m] LU i 2 I F& FE i
FURL AR = A, B A e i s AR (RPM) 290 JEgRARAY (RM) PO 5 22 4% 35 [ 7
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SCRPR AR IR (R AR 2L (AOM) B R AR 8% e () IR AR - AN it 58 7 (AED) B2 LB AN AR A T
IR (g, B, phial)BSIZG 515y, B i S AL mT DLAR R W QPO 2:3
L, XERRIE TN Mpn-foro IR &, SR, KA ABELRIpH AT DU A A 4
HFQPOAXTEIEH i (R ABUIR A T R AR, 78 B R i A7 7E 35 K8 10 491 26 Lh i AU
H2:3MFHQPO, XA T AT AT RE AL H AL R ) JLIRAL ] 512 g 50- 357361,

# 1 ESO 113-GO10MIEEIEM &S
Table 1 The spectral parameters of ESO 113-G010 best-fitting

Parameter® Model 1 Value Model 2 Value
N1 /(10%° cm™2) 2.30 2.30
Feage/keV 0.86 0.85
Tmax 0.26 0.20
FEline/keV 6.49 6.52
Oline 0.0 0.0
Niine 1.76x107° 2.59x107°
Eline/keV 7.01 7.01
Tline /keV 0.0 0.0
Niine 1.93%x107° 2.86x107°
r 2.28 2.07
Norm,p 1.50x1073 1.40x1073
kT, /keV - 94.9
Normyy, - 1.95x107°
Iy 10.0 -
Ring 1.24 -
Incl/deg 66.0 -
Fesolar 0.1 -
3 10.0 -
Normget 8.49x107° -
x> 1238.07 1342.84
v 1.025 1.11

# Please refer to XSPEC user manual for the following parameters

ERE J1034+396°) 1H 0707-4952-31LL K Mrk 76614 WL I 2 (I QPO A A &
HFQPOP7, ESO 113-G010 H B IQPO, AN A E 2 — NHFQPO. JE K 7E T
A AT B TR AR L, FEXE 2R BE I 7E0.3-1 ke V2 0] A XS 26588, I HLA 1R & i
T b . 7 Mpn-fopo MK R EH, oR H TESO 113-GO10H] § T 1998 (3L 145 2=
XS XUR, NLS1) B A —FhEl 2 37381 4R, 78 B XS 28 02 FINLS1H,
HFQPOMIE IR M AN 2, FATSE Rl hix — i it 245 8.
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+ zgauss (2) + relconv x reflionx) L K7k 7. BEMNEZNREPIC-PNEIRE, LALLM 1IIE Lk, .
ROMFE O L ARO[ SRR DL W 2% i k.

Fig.2 The result of EPIC-PN spectra fitting in Model I. The best-fitting model is TBabs X zedge X
(zpowerlw + zgauss (1) + zgauss (2) + relconv X reflionx) and the residuals. Black line represents the

EPIC-PN data, red solid line is the fitting curve of Model I, and blue, black, and cyan dotted lines are

respectively the absorbed power-law model, reflection model, and two Gaussian lines.
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Energy/keV

Bl 3 EPIC-PNEFEIEMAA2 PR A LR, M HNEEN A TBabs X zedge x (zpowerlw + zgauss (1)
+ zgauss (2) + zbbody) VA KFk7%. HEMNERKEPIC-PNEWE, A @swdeiiiomina s, Ea. BeE e
B L A3 T RS R A R TR S BT LU B 9 % T 2%,

Fig.3 The result of EPIC-PN spectra fitting in Model II. The best-fitting model is TBabs X zedge X
(zpowerlw + zgauss (1) + zgauss (2) 4+ zbbody) and the residuals. Black line represents the EPIC-PN
data, red solid line is the fitting curve of Model II, and blue, black, and cyan dotted lines are respectively

the absorbed power-law model, Black body radiation model, and two Gaussian lines.
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4 BRFESQPOSMLMKRK. B MRS EEIR SURHTA MG H 2 30, 37381 410 g T REAR R ESO
113-GO10MIfr B, Bl sig &K H Remillard M 5% R, A FKluzniak P8R 1 112:310 6 &.

[1-2, 30, 37-38]  The events reported in

Fig.4 The correlation between BH masses and QPO frequencies
previous works are shown with dark green points and the new QPO signal deteccted in ESO 113-G010 is
plotted with a red square. The solid and dashed lines represent the 2:3 respectively suggested in

Remillard et al.lY! and Kluzniak et al.l®8].
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Two Quasi-periodic Oscillations in ESO 113-G010

ZHANG Peng’?  YAN Jing-zhi' LIU Qing-zhong!*
(1 Key Laboratory for Dark Matter and Space Astronomy, Purple Mountain Observatory, Chinese
Academy of Sciences, Nanging 210033)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)

AsstracTt In the Narrow-line Seyfert Galaxy (NLS1) ESO 113-G010, two Quasi-
Periodic Oscillation (QPO) signals are detected in the XMM-Newton data collected
in 2005 November. XMM-Newton has an exposure more than 100 ks in the energy
range 0.3-10 keV. The data was analyzed using the Lomb-Scargle Periodogram (LSP)
and the Weighted Wavelet Z-transform (WWZ) method. It was found that there were
~2.24 hours and ~4.09 hours QPO in the observations with the confidence of 7.30
and 4.80, respectively. The two QPO signals have a relationship of approximately 1:2
(1:1.83). The absence of QPOs in other observations of the object suggests that it is a
transient phenomenon. The relationship between the mass of the ESO 113-G010 central
black hole (BH) Mgy and its frequency fopo satisfies the similar logarithmic linear
relationship in highly accreting BH systems, from BH X-ray binaries to supermassive
BHs. The energy spectrum analysis reveals that the source has a soft excess below 1
keV.

Key words galaxies: Seyfert, AGN: individual: ESO 113-G010, quasi-periodic os-
cillation, methods: Lomb-Scargle periodogram (LSP), methods: weighted wavelet Z-
transform (WWZ)



