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ST 45t ] 1] B 49 (22.866 & 0.679) msFl(5.868 + 0.169) ms. i H7 T £ B 2L 5% R
13‘27& PEELT MK ZFSH B ML, RS T B ML E R ThRE, X9 TH
I XoF SR A AR FOAY 2% 5 B2 78 B S5 00 I PR 3 75 K (W AR AR A S A8, R TH AR 2] H b BRI XX
EMAXI J1820+0709 (¥4 243 BURAAE B IR %15 =, FERT 1 WM ok B A B
ol 5 W 2% A A < (B AR (5 45 3K AR Th B AIE T AR L i 3 e (00 e 1k B R X 4 &5 mshf
PR ARSI R GE /).
X B2 BR, EE: TR, HA Wk
HE5SES: P141;  EAFRIREG: A

1 5§

A2 BUE A6 RGEM0 TP, BI04 % S R AR AR,
i RSB, BB SRR RN 15— RO A M) T2
B 20BEEBIK, BEEBRIEEA, T3R8 LA BBUR U M 0 R, LS00 (M
13 B4 S TR ) RO S R TR W67 A 2 S )

XU RGE IBC R BAR B, TR AR ), R R I )
NI At ay 55 R IE MR B RAT R tay ~ [ 2, K GA TSI 1540, 4
IS FELAA R R e R S S0 . RO 7 K P M 0 %

2021-01-094 2 i f, 2021-02-254 & X5

“EFEARREEEETUE (11333005, U1838203) 1 E ZK H s & 11K (2016 YFA0400804) %t By

twenfei@shao.ac.cn

53-1



62 % KON O 5 i

(L MR R AL ) 32 2) RN S A8 A P R 2R R0 RS2 AP I A, 8] MG o T 350 R AR 1) AR 2 Jo A
A DX I A A, R B (8] 2 6 W 2 oy A ). R B R R G P s AR
(1) 42 ¥ A5 4% /2 (Cataclysmic Variable, CV). CVXJ - #F 70 W A ik #2 1 4 BE AL ) A 5
B8] GXRRUR RGER, A N AR AR T A DR L6 R 3 R S AL R AR
BIFFE A0, A ATTAECY A BRI 210 PR bt AR I G —FPRR A B8 S 9% % (Dwarf Nova
Oscillation, DNO) H i A5 FE 21 4840 s, b5 —FhFx Jy e & 14 % (Quasi-Periodic
Oscillation, QPO i 45 75 Bl 21 ¥50-1000 s. Woudt FlWarner££20024F & BLVW
Hyi[A i EIDNOAIQPO!S], MaucheE20024E LM F]SS CygH HIQPOIL 1),

PRI A B LR TR O AR I AT A R E X N () B TR X 2 XA
(Black Hole X-Ray Binary, BHXRB) X2 A %5 B 52 (1 X 5 2848 51 11 Bl 3 284 1 0 e
AR TR R BRI R I BHXRBH 73 A8 DR, BHXRBE G AL F2 A X 5 46 i & ]
A N8N f 2, X LR 2 0 7% (R B F 9 AR dp o T 12022 N ATTAR 4 XA 28 R i
FFEAE MR, B F A FE R 43 R TLAS AN [R] (3 45122230 7 i i el 4 Rt o [ 2,
X LEBHXRBWX S 2 56 o th i 2L A9 638, AR 477 i (root-mean-square, rms) 6438
M P AT Ay A B 4 2 JL R4 38 R 7 A8 B T R E U0 ) 5 PR e 7 (Band-Limited
Noise, BLN) 845, A BL&E IIQP O 43125261 i 4 2 I [ X S 28 ' A8 4 6 s P52 % 55, &4
b F1%-5% 2 [8]123: 27290 JLX Gt 2 3y %63 ph — /> 7 3 75 (Power-Law Noise, PLN) &
43 3 522, 303254 9200 yr, ATIE R IBHXRB T X 5 42 P A [7] i Bl 25 't 27 A
CLANBE B PRI 6 AR, T 2 ik B I) AW 0 e T EL ol 2 ol AR FIX G 28 5 AR 7 J i A 6
NS, B AnK anbach 250 755t BV XURXTE J11184-480'%2% 15 X 4 28 A% il & 1]
(1128 XAH K pR 4 (Cross-Correlation Function, CCF)WFFTRT &I, J6 2574 S A X i 2648
SHAELE— 30 msf AR, (R AR AT (0 2. AHALL A1 T8 1t BLAE H A BHXRBH,
L anGX 339-4B33TRIVA04 CyglB4 3511y 5 27 / X S 2 [ i U0 45 7% ol 27 4 6 X5 28 1 A7
FEZJ100 msRER. FEGX 3394425 K 5t 57 56 AR Ty F 335 vt 0l 21 5 X SR 2 Bl 7 S5 10
FIBLNFIQPO K 43136391 S 2 56 AR FHX S 45 6 AR 7 I 33/ AT R AR G MR 1, e 2
SBT3 1 ) 2 B

TR AR B SRR AR SR R AR DL R I PUE AR, 0B
TR FEIRATT T 20094 5 2 (1) PR I Y6 1T B AR I 5 26— Pid S 7 AH L (Fast Optical
Camera, FOC)FISEIPERE. il (] [8] b7 5¢ 5 215 2RI 5 B b5 6 AR5 5 10 RE T, BRIEIRATT
T BT T IAEAS [FDULIIAS R 149~ 2ot 5] (5] B RS E 1. FRATIIE 75 EE 4R SR HE A AR
D RAR AR E B T4, AT A8 B ST 5 S5 I TR 2 5 IR HEARE 6 4. Ik 75 B3R
ATE L AL h 22 AN B2 2R, X 53 HARIR B AE 6 AR At A6 AE.

MAXI J1820+070& — AN20184F 41 & I (14 7 AL 24 VI X 5 4 X2 10421 H X4 2%
18K T2018 3 H11H, B H AXGS 2k 43 K W5 #1245 (Monitor of All-sky X-ray Image,
MAXTI) T ¥ & B3 1 el 2% % B2 AR ASASSN-18ey # )6 2 1% K 11 H (All-Sky Auto-
mated Survey for SuperNovae, ASAS-SN)J 7 & B4, [ 5 15 2 AH B AE L], MAXI
J18204+-070AL 5 42 AR A R.A.=18:20:21.94, 7#x&ADec.=+07:11:07.19146] {1 FH 5 4 (2.96
+ 0.33) kpel7. B BRI FE XS 4R R 2% i BB 57 8 B 52, HUWNINTEGRAL (Interna-
tional Gamma-Ray Astrophysics Laboratory)f£15-50 keV fig Bt 4l 2] 1) X 5 28 1 {5 38
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AT DL E3.5Crab8] | it 23 B B S IA R Tm, = (12.05 + 0.04) mag. A
AT 3k XS 280 A IMAXT J1820+-0707E 45 & it F2 48 J7 1 B 25- TR AR 25 1 A R
IEBON FEXR LRy B, S 2 B B2 SR I H e B SOI R R B R 3 1) S A AR o AR I
G, I HLAE 6240059V RIX ) £ (48 6062 yplz B Ll I A5 v o) J099R 3%, 45 )98 i 2, H
F2EARATE & %% 15 5 A2 H 3 B RHIF F B FHINVE2.4 mEE B YFOSC (Yunnan
Faint-Object Spectrograph and Camera) 38 B 5 & FLAT0]. 12 30 e 22 W 5 4 1
ORI B U e HE R G 15 5

MAXT J1820-+0707E 622 B W%, MCHAREIR MG RHAE, A 2 WUl /A iE 5 W 52
ZHPRAAE. PR, MAXT J1820-+070) 5 A& 25 3 [ UL F BAFR At 1 F 7T BA TR 45 B A5 ol
AR NS, BN TRA TR I FOCHLIE M 1 B I ER AR . A4 A A HE T
BATTE 2 TR EA- DL 2A PSR NDE I H 5F0C. 375/ ZEAAXTMAXI J1820+-0701)
FEEENLI; ZEATT A 00 I P AR T A B RN FLAR I 6 DA R e FLAR I B VR I 9 285710
AR 2RI 0 AT, 3 3AN P T4 [ ) 5 5 ) 0 7 R I S A AT,
H FRIE )6 AR 2 DL TS 4T B e /e i g5 5.

2 HEXRMAFPENIESFOCHENI B E T

X R 3 IR MAXT J18204-0704% {1 2 5 it 114 St 27 Bk I ' Wl A6 FH 1 3 2%
AFATRIHKFOC. FOCH H 120094 5 2h, 735 T-20104F1 H A FH Fi1.56 mB w45
FN20124F5 H A I IHVE2.4 mBHE 00 5 56 i i (2 WLATel 1151009). 2 f5 £ ] 3 44 2R
WUR R R REX-1, 7R XU R I8 JEX-1. X2 Bk Al X-1, BARE =k 2
DL KA ) B s A A B AT 1 SRS WM. AH Ol ik 45 SRAEEWASS (European Week
of Astronomy and Space Science) 201542 W HHEATIE /4. b OW I 80 7E = B K
LEWT2.4 mEZ s . BRYLAISE, & A T AR £100°1748", Jb4i26°41742", #Hk N
3193 ml63. 5 Ay v [l 5 K 38 F B 2 R SCHE I B, N V2.4 mBE e B 1 8 10 RS 2 A
T2, P ERERRE FEAR 0.5 /hr(6364],

FOCHI ML A& 8 #7 K 2 Lucky Imaging & 4t ) 52 5 = 5 Hl A E1E R TFOCH
HLE A R0 22 25 T AN VT2.4 m3E i B i (IR A, 1% R G R ARSI, 7 PRIEE TAE
5B YEFFAE 25 —120° CIt . FOCHHE FH Ffif f 5 #% £ (Charge-Coupled Device, CCD) %!
5 ONE2 V CCDI7Y, 7E 1 £:5000-6500 AE [l ) & F 3% K T90%. FOCHICCD & i
#CCD (frame transfer CCD), & 7E DR FRFEC T A 3L H Il ZE 1 [R] I, REAE 13 H e 75 4 72
EFAR MK 7R H R A1 MHzE S < 1 e rms, fERREHIHEZ15 MHz
A 152 H B 75 A 14 e~ rms, IX A3 35 T E2V Technologiesfil i ) B T 535 CCD (Electron-
Multiplying CCD, EMCCD)#:AK. FOCAE H 4= il (full-frame) S M5 2, BH i b AT LA
A ik 2945 Hz i 24 48 FH 7 il (sub-frame) 5% 203k 47 00 W0 BF, T3 7] DAL 3 — 35 41
. FOCHICCDH B X 38 552 x 5284ME %, A 2018 F 512 x 512, Bt KA
16 um x 16 um, £ RN XK/ NS8.19 x 8.19 mm, FOCHE T HNL2.4 mEE i A
P, X A7 (Feild of View, FoV)Z1 491" x 917,

L Whttp: / /www.pixcellent.com/ccd97-00_b_2p_imo.pdf.
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K1 FOCH . /£: FOCHMIEF; A: FOCZEE T-ANTL2.4 m¥Eimss IR A

Fig.1 The photo of the FOC. Left: The photo of the profile of FOC; Right: The photo of FOC installed

on the Lijiang 2.4 m telescope.

3 W

MAXI J1820+0707E20184F 45 A&, X & ARAMQPOLEH AL T REAS B JL R
NZ%— B AFE. MAXI J1820+0707E2018FE I # K B G, HXHZLMQPOE 54 2 Ik
LI E], B HAT R A A R A AR W (48, 60-621 ) MAXIT J1820-+0707¢2A{EAQPO H
A SCAE 2 1B T-20184E4 1 H ) FH FHVE2.4 m B 2 5% ATYFOSCMl e Wl 1 46 %% I.(Z
JLATel 11510090), [t 5 SA 2 > 6 272 00 W0 28 000 380 4 — 25 40 s 4L o (19 )6 22 QPOAMS
759 201844 HIX S £R MM 2 MAXT J1820-+070{%AHQP O Z 45 14 %1 Hz
PLEATCR (34, FRATT T2 il &R IV SR S AL I, DA e 2 RARQP O 2 YR A1
VIEEHLEI AT R AT

75201844 H22H. 5H26H FISH31H (UTC) 34N I A e s i 18] 73 11, FRATT#0 e
Se A FHFO Ctpe /)N R FH i [ 3] 58 4] 4 08 IS ek H ARIEMAXT J1820+-07031E4T W, LA
78 2 ISP, A3 i B R, VB IHKA PR, 721X 3N DGR 46 8
S rh, FRATT 3 A3E45223037. 1263821159876 7K A Mt 44, i BE G 18] 43 H3A5100 s.
2890 sF13655 s. ZBLAFIEE AN MEAL IR S A4 AH T BE A, 75 25 SR A i Ol 5, 3%
TR BT MAXT J18204+-07033847 72910 min 1/4MCCD (512 x 12845 ) Ui,
SRAFEIE L6 msh [E] 2 HF ) BATR U BR 6 B, FESS A0 J, #3EAT WO SR I R
P (Rat) O A 3 (dark) F 4. BRI AOLIN B TR 1A PR, 3R 73R IR 2 W
. FRATT 5 A H0 B A WiRN L/ A AR X5 st (8] 18] B (1) K 25 ¥ 3% -5, AT 75 21 4= i
F /AW F 7. B TFFOCEAHUMLTT, R B AR S AR 44 CCD I 7 30 3%
3%, TEREATHEIAHOERT, N ORIIE R 37 (1) 5 P I 3 P 5 A A 1 AR ) I L 38 5 P38 AL A
], FATTRFH -5 A v PG RH [ P o () ) B 1 2, 9] A5 e /I ot [ [T B RS s ] ] o
(R A TR L/ A 37 B8 5B, AT 45 28] Bz /It (] [ B 15 o (1) [ 58 49 4 i AL/ 4uii P
BINEY. N T IR TE 2 P8 S 6 AR, Fra W38 1 FHEE . R IRATIAIH
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TIX3UMMETEAER. BT5A260 HRDER IR INL =, WIHHE AL BB R 2%,
1, FRATREA NI )b 73 B RUBEA ] 22 NS H 31 H NI 6 1 AU I e .

£ 1 2018FEFMAXI J1820+-070HIEINS 2
Table 1 Detailed information of the observations of MAXI J18204070 in 2018

Date Start time (UTC) Observation time/s Number of frames Frame
2018-04-22 20:20:31 5100 223037 full-frame
2018-04-22 21:48:07 1400 238650 1/4-frame
2018-05-26 19:36:35 2890 126382 full-frame
2018-08-31 12:37:52 3655 159876 full-frame
2018-08-31 13:39:50 880 150000 1/4-frame

4 HiRLE

4.1 [EfRmLE

LA B Image Reduction and Analysis Facility (IRAF)65- 671 Fp kg B Fidd
HOP B MM CCD BRI LA T Bl vh- 55 &5, d1 T 3RA13R45 19~ 2 3 & R i 6o, 5
RS (BIAS) A ULy, R FRAT TR 000 58 Pl A5 01~ 37 P 45 0 25 5 KL o [ [ 6 A T )
IS R, SEIL R BB A3 EUR B AR A R e ik BEJS, P25 F3 EIHR B
PAF3 s S B 2 — 16 ¥ 85 B FH kst A JEE AN R A YR LR B BUH — 16 P8, &%
KRR Z AR W FGEANF 3 DO DU IR R, JRATTX A 4 it AL /At =Ou
R R AR R E R AR AT 1 DA L FUAL B 2 T

K227~ TFOCAS A MM 2 R S MAXT J18204+-070 KWLl K117, 4xiAinL /4iiss 2
A 5 s = i 22 B . PAasii AR Ko 4, 7EIRATEI S T, B T FRYR
(target) MAXI J1820+070LASk, i A5 455 7] LAYE 92 2% Y5 (comparison star No. 1-
4); M AEL/AMUASE ORI AL 37 b, A — R U A] BLYE 9 2 2% U (B id ANo. 1). @1
Xf EECCD MG A [7] R X B3z (4 2 &l (R FIST'ScI-DSS? ) v 52 it i) A7 B (K124 &), 3k
ATRT CLf A 3 o 25 AN U5 44 A AR . 28 HE A3 o B BR U A AT T 2 25 Y5O0 Y Gaia
DR2M46: 681 A5 ()35 44 (1ID) A AL .

4.2 FLEMNXSHEFLRIEE

B ORI 23RS M COD BMG EfE 12 5 7K LA 1, MG an v g ok, BB &
b TR A, AT TR BRI B AR A, G0 ' 2R AR A v AR 3 R R DU
5. WUIJRCCD MG (F2/: EE)F T IR R, MR 2 A 2o A Br i, DAt 3R
AT BRI AR = LA 5 ik, FRATTE R EIR AR FLAR MY 57100 ST it
TRALEEFICCD EME B bR IR A5 2 2 IR (A i N4 N SR, 1AWy — 1 52%
U5 BIBRSE. FRATE el — MDD ALR T, sMEN—MEER, mKENE G B
U5 (B AR ) 2 42 98 (Full Width Half Maximum, FWHM) (345 (£125ME K), /K415

2L 23 ] B S T T IT-$0 7 38 K (Space Telescope Science Institute-Digitized Sky Survey, STScI-DSS)[f]
Kl
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K2 MAXI J1820+070562 WML, 72 &l AWURi1 /4t A seil B, 4 B: MAXI J18204-070f S #YE L

KIXEE (R ASTScI-DSS) MIFOCHMMA. 415 B hric H hris B AUEMAXI J1820+070 1 650 Rk, 3 €

BlbRic & A2 B0, - S B ITR L g SR 2 P T R ZEHETEHER R 5RO CRECCDUIAAHR BLHR

X, FOCH:RAENTT2.4 mE 4 10 2 Wit Uz 2 N1 x 917, 1 /4 RIZZI N9 x 22.75" . G KM KAl
A 1.0 (Analog-Digital Unit, ADU).

Fig.2 The FoV of MAXI J1820+070 in optical band. Left panel: The images for full-frame and 1/4-frame
observation modes. Right panel: The STScI-DSS images of the sky region corresponding to MAXI
J1820+070 and comparison stars and the FoV of the FOC. The red circle marks the optical counterpart
of the BHXRB MAXI J18204070. The blue circles mark the comparison stars. The labels of the
comparison stars follow Tab. 2. The green squares mark the FoVs of ~ 91" x 91" corresponding to the
full-frame and ~ 91" x 22.75" corresponding to the 1/4-frame of FOC installed on the Lijiang 2.4 m
telescope, respectively. The unit of the pixel’s value is the ADU.
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%2 FOCHMIMIAHFMAXI J1820+070 5 8% R EFMALFR
Table 2 MAXI J1820+4+070 and the comparison stars in the FoV of FOC and their

magnitudes and coordinates

Coordinate (J2000)"
Source Name/Gaia ID  Source No.* Magnitude® ( )

R.A. Dec.
MAXI J18204-070

0 17.41 18:20:21.94 407:11:07.19
(4477902563164690816)
4477904044937291520 1 13.55 18:20:21.92 +07:11:24.86
4477902528804856704 2 14.04 18:20:18.55 +07:10:32.83
4477902567468536832 3 14.42 18:20:20.30 +07:10:31.34
4477902567468538880 4 15.48 18:20:21.26  +07:10:54.43

# The numbers are corresponding to those in Fig. 2;
® Gaia DR21% 681,

F T R ACIRZS S WL 25 1 I 2078 25, o T4 Lt B AR I, R0 b 40 5 20 i
THEAA R GE R M e AL AR, FATE I PR 1 B R 1 RO SR b e s IR (H e
PR)BEFLAZR AL 2 5k B, 15 BX i e R LR, B3 T LR ML F T
% DRI GOuBI, e, BATEL G e IR 1R e A AR B S
FLARFP XS R (T 25 AR AL, a3 e BB, X PR A R s 1 LR R b
1% RS, BB FLAR AR MG N 1 2 55 FE I AR AL, B34 18153 il I 4 M2 vy i 7>
AR 1 5 L i ALAR AR R BRI 70 A1, T DA B O SR ey, BB LA
BRI SR BEIR 55 . FEGEFEDMEALARS, — 7 Tl B AT REs PR A5 S #0 T AR, IX R
LR, i EREFARRIOCE SR, BARERE s AN 2, X 2R
LA R, BATERE P50 KT ROEH 5o ERRXT R #9FLAR 5 1 i) B Ko
RAE 9 X1 R R AR DG FLAR (I I3 22 e vh 25 ), DAIRTIN il 2 BRI AN 2% A, X 42
MY TRTL /AR 2B A3 it B AR, FRATT#R R DA 05 T s He e (D e LA, SR AN
I7i 55 FEE R NE 12 A % 1 AN [R] 0 e LA, (Bl T AT THEAT AR 2 v 1) 23 L, 8 FE 5l
SVEEK, HAENAR TS IRAM H AR AR A 5 B EE S0 s IR Y& R 2 (th ik
M ENFEA), 110 5 SRR AE R BATTIR A 4 4 25 IR T RN B S IR, DER
FIGEt T 1 AR T % FORE I, P AFRA TR I 1t B 45 o (4 ARV 225 R 48— 9L
FEREATIN e, A 2 X1 R PR A5 L. BATTR IR AT AR i B R 5 It
FLARREAT I, HE WA BRI ER TP IR SR, e 23R A5 H AR 25 I 1 JR iR 06 A2
fHh 2.

5 BIESH

5.1 o] EfR S IR R AR R
FATIFOC TN AR Feic A3 Mt AR i 18] D) ¥ ELAS R T ARG B 21 sB2 s, JF H
T2 MRS Ja BT WY 5. AT 75 2 IX B JFU G 10 3% rh HE SRR WO B (R B[R], JFER 7T
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WAL RAE A SIS E k. BRI R Gl v 55— B A) 5 T B[R] P9 3145 1 45U
K A, FATTRT A 2 2ot a] () Bg. FATTE Seide B> H bR R & (18 %), 7E— 00
MEEAE e K BT 2 BRI [A) &, FFSuit 2 B (8] 23 A 3R A5 (10 B R i i 22 A s O,
H R DA SRR AR (8] AN B b i 8] B RRRD P S BB A i o041, TS BIREAD
T EGE P E AR EZS , B 2 W HH A S A A ) 2 1)1 259 o [7] [) B AT AR 122

—e— average net intensity
401 —— sky background
————— 1o upper limit
2 30¢f
(@]
<
~~
>
s
wn 20¢
c
)
4
£
10f
0 —-15¢
0 5 10 15 20 25 ~29%0-10 0 10 20
Aperture/pixel Xlpixel

B3 W ALARiE . Z2 B BLEARIEIRE 0o sl (pixel) WS AL, mUIECT3 5 BEREAT MG ALAR BRI e i 2k FR ek
AP RS o, B KRG T 5HE B FROETE SLURTP SRR, KT 1o EIRBUKT EZEIR. T 2 XM
WEFR X R AL N 12 ME R, R TIPSR R T R R 1o LRI RALAE A P IR R BB R 12, A
Pel: BLLZE () 24 (R ) i 9 0 A AR SRR i PE R FLAR R R BB I 0 A . 28 L R () AR el p 2 (R ) o
LAz

Fig.3 The selection of aperture in our analysis. Left panel: The profile of the average net intensity of the
target against the aperture pixels. The star marks the optimal aperture of 12 pixels for this individual
image, which is the maximum in the aperture sequence corresponding to the average net intensity that is
above the 1o upper limit (horizontal dashed line) of the sky background (horizontal solid line). Right
panel: The intensity distribution of a point source with 1-D (top) and 2-D (bottom) Gaussian
distribution. The vertical dash-dot line (top) and the dash-dot circle (bottom) represent the aperture.

AT Ik A AD - 357 PR E I 23 A R FE RO C A Mt (8] (81 (4n B4R ). FEWFFE R, 3R
TTEFEAA HARE A, 223081 s 250 10 sHI60 s, FEx4 H 22 H MR ) 4= UR11 /41
AR OV 0 B4 AT R o b, L) A Y- 28 PR B B 5 T g3 AT 4L T B s
RN T AF 22 H W0 B 9 UL I A 3R 4N H AR I TR] T S AR AR P 2 AR T
PR ATt L5 H 26 H A8 I 31 FDBLIN A B0 ~1 2y KR - #. v BLE 21, 44 H AR
[) T Xof N7 AR T 51 BRUAG H H M (43.733 £ 1.299) s~ (43.733 £ 0.693) s—'. (43.733
+0.106) s™'\ (43.733 £+ 0.022) s™* (4MWitE) LA (170.420 £+ 4.902) s=1. (170.426 +
2.417) s7 (170.425 + 0.436) s~ (170.426 + 0.082) s~* (1/4Mmit=X). b al AiH5E
S-S5 i 5 RT3 51 9 (22.866 4+ 0.679) ms. (22.866 + 0.362) ms. (22.866 + 0.055) ms.

53-8



62 % TR LA MNLEOCKT TR i (8] 73 B e 1 RERIT 72 5 3

(22.866 4+ 0.011) ms (4= M) A1(5.868 £ 0.169) ms. (5.868 & 0.083) ms. (5.868 =+
0.015) ms. (5.868 £ 0.003) ms (1/4MA) (2 W33). W] LLFH B AR H RIS [E] B )
-2yt ) 18] B ££0.001 msPRFF— 3, IXFLH] 7 FOCTE A MM b EAT R 47 1 i [A) R A A2
SEVE. FATE— PR TE4H 22 H A5 H 26 H AW AEL s BRI [ E& R 1807
LIPR B 73 A1 LA L A H 22 HAIS H 31 H 1/ AMOB AR S AE2 s H AR [ BN A EERD-F- 2518
BAE AT (AR ). w7 BUE B, ARG B RS0 X 0 4370 1 25 B K i) 73 A1 B
A, XRHIFOCTEAN ] H 122 YU I o f -~ Py o ) [] B R R AR . 2ad BA b 73
Br, FATRAI20184F4 H 22 H AT i~ St (5] [8) B A= 9 FO Ct 8] ()R, i3E4T N 3k J5 20T 7T
HIHRESL.

2500} Full-Frame 1 1s | 1/4-Frame J1s
2s 500¢ 2s
5 B 10s 5 B 10s
'82000 -605‘§400 B 60s |
=] =]
= 1500 12 ]
Q Q
[} | a
£ 1000 €
© ©
Y 500t v
0720 a1 42 43 44 45 46 47 48 955 160 165 170 175 180 185
Frame Number/s™1 Frame Number/s~?!
2000f — T
Full-Frame . Apr 22 1/4-Frame EEE Apr 22
1750+ B May26 | 400} . Aug 31
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Fig.4 The investigation of actual frame times during our optical observations. Upper panel: The
distribution of the frames per second for the observations in full-frame and 1/4-frame modes, respectively,
performed on April 22, under the targeted time window of 1s, 2 s, 10 s and 60 s intervals. Lower-left
panel: The distribution of the frames per second for the observations in full-frame mode performed on
April 22 (gray) and May 26 (black) under the targeted time window of 1 s intervals. Lower-right panel:
The distribution of the frames per second for the observation in 1/4-frame mode under the targeted time

window of 2 s intervals performed on April 22 (gray) and August 31 (black).
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Table 3 The measurements of the average frame time of the FOC during our

observations
Average frame time/ms
Date Targeted time window/s
full-frame 1/4-frame

2018-04-22 1 22.866 + 0.679 5.868 + 0.169
2018-04-22 2 22.866 + 0.362 5.868 %+ 0.083
2018-04-22 10 22.866 + 0.055 5.868 + 0.015
2018-04-22 60 22.866 + 0.011  5.868 % 0.003
2018-05-26 1 22.866 + 0.649 N/A
2018-08-31 2 22.867 + 0.364 5.868 % 0.085
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Fig.5 Examples of source light curves obtained with our FOC observations. Upper panel: The example of
the original light curve of MAXI J1820+070 and the four comparison stars extracted from the full-frame
observations performed on August 31. Lower panel: The calibrated light curve of MAXI J18204-070

(black) and the four comparison stars (from dark to light). The time resolution is 1 s.

5.3 NXTRRZLAIINERIED T

RENER AR 2R 5, FATTR B — DS G SRR AT 4 b, BT 7T
RGALE I AR B EE S 5, BFEFOCIE RGNS E S, BRI 2% 58
TENUARSGE 5 UL AT B8 KR8 30 5 1) i 3 B 30 5 7= AR I AR (5 5. sk

53-11



62 % KON O 5 i

BE— DR HE, FRAFATAE R S e H AR R AR DB AR S 5

FI6E 75 1 AR H ARIRAN 225 Y5 (1 Dy 05 0 A 45 3. JATE e x4 22 H 4 iyifsd
O A5 20 ) H ARIEANAA 225 Y5 7 003 56 ALy 28 A5 bR o e FEL o2 e 7 45 380 JHL Xk 2 F 2
Al IR AT ] 5 T Leahy 3 — LT, Z SR FATHIRLE B b5 2 F N AR 5,
JI CAFRAT TS 4 iyt sl b 45 17 S RN 1] 93 950.022866 s, At e HL A2 e f) 45 AN IS 18] J

WE6 A L BN, TERFIBRMES L G DL T, ANS BRI DR g g A B AL, H A
TR Dy 2R M 5 25 AN [R], A0 R FIFOCERM 2 T 22 I WUEMAXI J1820+070/) J6 42 15
T EZ£0.4 HzAb, A2 IR0 R 46 D) 26 1 FRAE 1 4L i oy b i B (S 5,
ANIX—E T ANATRE R BUEA B, 100 AT REOk H A S B B s S T, RE HARIE
R MR (5 5 IEA U, FRATHENNIX 2 T B AR VR G AR 08 B2 5 58, D3k B
ANAEIX — AR EE [ H AR IR A S AR AR R (g B i K T2 %K), shah, ARl
£10.16 Hzf — 1N RQPOE T, M T A S H D F & h #R A X — {5 5. X2 RIR
AUEMAXT J1820-+070 F 62 RAMQPO (2 WATel 1151056 F1ATel 1159157), HATiH
H(0.157 4 0.002) Hz, FWHM 4(0.030 £ 0.006) Hz, #i%frms£14.1% + 0.3%, S5M#H T
A (Swift/XRT) J HAX G 2 TR BRI X & QPO ZHE — 2. KT RIFAXUEQPOK 45
BNV L SCHATIE 7T, & RA VS B4 H 22 H A i s =R B bR AR e 4% il 28 11
i B oh % (Kot EE). EAEERZ, 2% ENo. 1T R IEE£)0.25 Hz {5 5 i

73 FBOA A HAD S B PR Dh R, BABETCIER € X — 625 5 ORI, (BT
SR FXMNEA 5.

P13 — Dt 78 H 31 H Ax iR XU I 1) H AR IR RN A 225 5 JiR 4 6 A2 i 28 %5 M. 1)
(S L E6 A T K. 43 I T3R8 1 Bk 4 BT 54 H 22 H 0 A b % A 1 56
A4k, 2 IF I Y () 56 A P SR A T U P A A A R A X T AR R T R )
Eon B REARE, B T BARRES H 31 H MM a2z A8 M i R AR T B AR b, XG4
WA IR 2% B 12 BE XU EL R N X ZR AR 2, TR L FRATT 1 6 27 O 5 X5 2 0% 25 0
W—5, BT FE, HAREMSERPEE IR E A — A8 15 S5 B
TE£]0.33 Hzb, T HAEZ)1 Hz AR I — MRS M5 5. IXRIEATZ Kk B A,
HE I B B AR R M DR 2R 3 R AR (S S (B4 H 22 H FI8 H 31 H B AEAAESS 5
AR FEAMIEL FIFER, 8 H 31 H At U H i i a4z ih 2k 1) Th R i (K64
K] R 7EZ0.33 HzMZ91 Hz 0 I 13X (55 i B HdR 0 628 Bk v ik 2 R BK
ARG A A A AT SR A AEAAE Y AR A HEAT R0, RBEMERS AN — 52 W] LA SE 4 Bk

PAvadt — 2 X4 H22 H A8 H 31 H 1 /4MiuAR W8 M 1 06 A% th 28 (B br i A1 2 2% YR No.
)i B IR T oy 4, 7E4H22 H1/4misE =000, 235 PR No. 1R 46 6748 ih 28 (1 Th &
HEAE£90.4 Hz 3 IR AL 24 H A it =0l (1) Dh 23 45 5. 8 H31 H (11 /4t 45 XU il %5
5 oR, 2% P No. VR H FRI8 19 2 3 #7E £90.33 Hz B IAHALE 5. X —JEARIES
FRIFOC 1 M [ [8) b5 8 BT 5%, R FRATINTE [F— R A A, X AME 5 AR T g
HFOCKANRK.

422 H 1 /4 s o, B ARIEMAXI J1820-+070F) R 4648 th 28 Az v e A48
il 2% (1) TR HRAE 52 £90.16 Hzf)e2QPO. fEHERR T ShR i b (AR AL S 505, Fli1k

53-12



62 % TR LA MNLEOCKT TR i (8] 73 B e 1 RERIT 72 5 3

D3k HARIEMAXIT J1820-+070 1 {8 HL ik Th 2R 4k H 300 21 e o 1 R AE i 306 AR (5 5
R F O A3 2490.16 Hz 7622 QPO. X ALIGE T FOCA MR /AMyu A I AR = 1wl S 44,
WAEFOCH AR B SR ARFPI b5 LR (52 225 ms) (PR 5 HRE /).

5 2018 Aﬁr 22 +‘ MAXI J1820+670 ‘ 2018 A;;r 22 +‘ MAXI 11820+670
10°} + StarNo.l
-+ Star No.2
Star No.3 103t
Star No.4 N
[}
=
&
102 L
raw data results M 101} calibrated data results
101k ‘ s , ‘ ‘ ‘ ‘
1072 1071 10° 10! 1072 1071 10° 10!
Frequency/Hz Frequency/Hz
4 2018 Aug 31 + MAXI J1820+O70 2018 Ang 31 +‘ MAXI 11820+670
10% + Star No.1
+ Star No.2 103t
Star No.3
3 Star No.4
g 10°; o
2 =
& i &
h
102} wy M 102}
raw data results calibrated data results
1072 1071 10° 107 1072 1071 10° 107
Frequency/Hz Frequency/Hz

K6 RBIFXMEMAXI J1820+0705 53 Bl Btk Dyl . 72 RE: 4H 22 B A :iMAXT J1820+070
() AN S5 (R IR TR ) SR & Tk, 4 EE: 4522 3 AW XM AXI J18204-0704 k& I D21
72 R 8 H31H MMM X AMAXI J18204-070 (F)FIANSH I (KB HTIRE R )RR ML %, 4 FK: 8 H31H
AWM M AXT J18204-0701AE /5 T2l . &R $ire-bin, RECN1.1.

Fig.6 Fourier power spectral analysis of the optical light curves of the BHXRB MAXI J18204-070.
Upper-left panel: The power spectra of the original light curves of MAXI J1820+070 (black) and four
comparison stars (from dark to light) obtained in the full-frame observation on April 22. Upper-right

panel: The power spectrum of the calibrated light curve of MAXI J18204-070 obtained on April 22.
Lower-left panel: The power spectra of the original light curves of MAXI J1820+4-070 (black) and four

comparison stars (from dark to light) in the full-frame observation on August 31. Lower-right panel: The
power spectra of the calibrated light curve of MAXI J1820+070 obtained on August 31. We re-binned the

power spectra in an appropriate logarithmic factor of 1.1.
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High Speed Photometric Performance of Fast Optical
Camera During the 2018 Campaign of a Black Hole
Transient

MAO Dong-ming'? YU Wen-fei’  LIN Jie!'?  ZHANG Ju-jia>  YAN Zhen!
ZHANG Hui® ZHANG Wen-da!

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011)

Asstract We performed the high-speed photometric observation of the black hole
transient MAXI J1820+070 on April 22, May 26, and August 31, 2018 (UTC) with
our Fast Optical Camera (FOC) installed on the Lijiang 2.4 m telescope at Lijiang
Station of Yunnan Observatories. We analyzed the frame time of the FOC, obtained
the light curves and power spectra of the target and several comparison stars in the
same field of view to investigate the photometric performance of FOC. The frame time
corresponding to the full-frame and 1/4-frame CCD (Charge Coupled Device) modes
reached (22.866 £ 0.679) milliseconds and (5.868 % 0.169) milliseconds, respectively. We
use the average light curve of several comparison stars to calibrate the raw light curves
of the black hole transient MAXI J1820+070 to obtain the calibrated light curves of
the target in which the influence of variable weather conditions and instrumental effects
have been mostly eliminated. By comparing and analyzing the original and calibrated
power spectra of MAXI J18204-070 and those of the comparison stars, we detected an
optical quasi-periodic oscillation (QPO) at ~0.16 Hz in the black hole transient MAXI
J1820+070 in April 2018 and identified a few instrumental or atmospheric timing signals
in the observations. This demonstrates the capability of our FOC in associating with
the Lijiang 2.4 m telescope for high-speed photometry.

Key words stars: black holes, stars: variables, techniques: photometric
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