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(1 -ýÑfb
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w 200030)

(2 -ýÑfb'f�¬ 100049)

(3 -ýÑfb�W)�ð�Æ 650011)X� Ñ��°Ì�MAXI J1820+070�2018t3��Æ®�Ñ:�vIfë�KIý����Í�:G. åë�Ifø:(Fast Optical Camera, FOC):Èï¾��+(2018t4�22å�5�26å�8�31å(UTC)�(�W)�ð=_ÂKÙ2.4 m�Ü\ù�Ñ-�Ñ�Ì�MAXI J1820+070ÛL��Òö��KIÂK.�ÇÂKpn��, �v�ø:�ë�KI'ý. ùh'�1/4'$ÍÂK!��'���(frame time), K�sG'���:(22.866 ± 0.679) ms�(5.868 ± 0.169) ms. �ÇÆ:-��Æ®Â��!Æ, �Ö�ÂKùa�Â���IØò¿, ·��IØò¿��Ìö��1, :��ÂKùa,�IØ�êh��Ü\IÂKà &e�^,�IØ, ��¢K0î�Ñ�Ì�MAXI J1820+070-�IfâµN�Æh�/aá÷, v$+�ÂK-eêêh¾��ÆÂKaöøs�öØá÷. Ù���Á�ø:Ø�3��KI'ý�ùíó5 msö�IØá÷�¢Ký�.s.Í R�: Ñ�, R�: Ø�, �/: KI-þ�{÷: P141; �.�Æ�: A

1 ��IØ/¸��Æ)Sûß�Í�'(, öØÂK/í:�{�Æ)Si�'([1–2],n�ûßÂp[3–5],�ó¢K�IøùºH�[6–7]I�û�)Si�î��H��Í�Kµ. 20�ªåe, Ǒ�¢K�/�¡�ý�åÊpnû����ÑU, Ø�IfKI(ö��¨�¾0�Òö�)�:�v�Æ)S8ïÆ·A�Í�Kµ[8–9].Ì�ûß-��Æ)S;��}î��-P��Ñ�[10–11]. Ù��Æ)SDÑ�¨�fö�tdynÆ)S(ÏM�Ý»R	s(tdyn ∼

√

2R3
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(�8ïØ)�¨���Ø�ïíóÒ�ëÒö�, àdù��Æ)S�ú,'(�Ñ»:ß��v, Øö��¨�KIÂK/A�Å��. }î�Ì�ûß-�wãh'�/ÀØØ�(Cataclysmic Variable, CV). CVù��v8ïÇ��i�:6^8Í�[12–13]. Ù{Ì�ûß-, }î�Î4�8ïi(§�åïÁI:;���[14]. (öØ�v�ß, ºì(CV-¢K0$ÍÆh�IØ°a: �Íð:î°�/a(Dwarf Nova

Oscillation, DNO)[15], vö����:8–40 s, æ�Íð:Æh�/a(Quasi-Periodic

Oscillation, QPO)[16–17], ö����:50–1000 s. Woudt�Warner(2002tÑ°VW

Hyi�öú°DNO�QPO[18]. Mauche(2002t_ÂK0SS Cyg-�QPO°a[19].Ñ��-P�Ì��IØ�v;�eêX�¿ÂK. �Ñ-�Ñ�X�¿Ì�
(Black Hole X-Ray Binary, BHXRB)àw	�Æ®�X�¿����:x��ØýIØ�vùa. ö³û-�BHXRB'è�:�°�, BHXRB(�ÑÇ�-X�¿AÏïå� 5–8*Ï§, ùvX�¿IØ�ÂK�v_�:0Ì[20–22]. ºì9nX�¿ý1�IØÂKy�, �v��Ç���:à*
��1�[22–23]. (��l��l-��,Ù�BHXRB�X�¿��>:ú:È�IØ, øùG¹9(root-mean-square, rms)IØE�ïåØ¾~�KàA[24], �8(�Ìö��1
ÂK0&Pjð(Band-Limited

Noise, BLN)��, ïåà QPO��[25–26], �o�ö�X�¿IØøùE��1, ���1%–5%K�[23, 27–29], vX�¿��11�*B�jð(Power-Law Noise, PLN)��;ü[22, 30–32]. Ç»20 yr, ºìØÑ°BHXRB-�X�¿ë�IØ�ö4Ǒ�If�¢�âµ�ë�IØ, ��âµ�öÂKÑ°vIfIØ�X�¿IØ(íö�
>:úøs'. ��KanbachI[8](ùÑ�Ì�XTE J1118+480IfÆX�¿IØò¿��¤Éøsýp(Cross-Correlation Function, CCF)�vöÑ°, If��øùX�¿��X(�*30 ms�öß, F_X(�M���. ø<�Åb_ú°(vÖBHXRB-,Ô�GX 339–4[33]�V404 Cyg[34–35]�If/X�¿�öÂK>:IføùX�¿_X(�100 ms�öß. (GX 339–4l��IfIØ��1-_ÂK0ÆX�¿��{<�BLN�QPO��[36–39]. IfIØ�X�¿IØ(öß/�ß�øs'hÆ, Ifë�KIÂK_/¢KÑ���8ïA�·A'(�Í�Kµ.:�¢K�ìÑ��-P��}î��Æ)S-Òö�å��ë�IØ, 	Å��ÇÂK�v�ì�2009t/¨�ë�KIyî�ÂK¾�—ë�Ifø:(Fast Optical

Camera, FOC)��K'ý. '���sû0¾�¢Kíö�IØá÷�ý�, àd�ì���vø:(
�ÂK!���sG'����3�'. �ìØ��~0!Æø:¢K)SIØE��¹Õ, ��êh���Ü\IÂKà �w�^,�IØ. Ù���ì�öÂKÆ:-�*Æ®Â��, :�î���,�IØ�vÖ^,�IØ.

MAXI J1820+070/�*2018t�°Ñ°��°Ñ�X�¿Ì�[40–42], vX�¿�Ñ�2018t3�11å, «å,X�¿h)ÑÆh(Monitor of All-sky X-ray Image,

MAXI)�!Ñ°[43], �vIfù�SASASSN-18ey«Ifá)yî(All-Sky Auto-

mated Survey for SuperNovae, ASAS-SN)ìËÑ°[44], ǑÆ�0ø�Á¤[45]. MAXI

J1820+070P�/dÏR.A.=18:20:21.94, d¬Dec.=+07:11:07.19[46], 0¡Ý»:(2.96

± 0.33) kpc[47]. ��Ñö(X�¿�Ifâµý�8Æ®, Ô�INTEGRAL (Interna-

tional Gamma-Ray Astrophysics Laboratory)(15–50 keVýµ¢K0�X�¿ð<A
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62w Û�íI: Ifø:FOCùÑ�Ì�Øö��¨KI'ý�v 5�Ïïå¾03.5*Crab[48], �Ifâµ��I_¾0�mv = (12.05 ± 0.04) mag[49]. ºì�ÇX�¿ÂKÑ°MAXI J1820+070(�ÑÇ�-Ï��l�-o�-l����Á[50], (X�¿âµ[51]�Ifâµ[52–54]��5âµ[55]ýh°ú>W�íö�IØ°a, v�(If[56–59]�X�¿[48, 60–62]âµÂK0N�Æh�/a, y+�ú�/, vIfN�Æh�/aá÷/1�ýÑ�â��(=_2.4 m�Ü\�YFOSC (Yunnan

Faint-Object Spectrograph and Camera)¾��HÑ°�[56]. Ù/�ýIfÂK¾��!Ñ°Ñ�Ì�-�IfÆh�/aá÷.

MAXI J1820+070(IfâµÆ®, Èw	y��IØy�, 	��ÑÒÝ»Æ®Â��ø4. àd, MAXI J1820+070��ÑÙ�ýÂKâ�����vÑ�íö�IfIØ�:G, _�:�ìÀ�FOCë�KI'ý��óùa. ,�Æí�¹����:�ì(,2���ËÍIfë�KIyîÆFOC. ,3���ËÍùMAXI J1820+070�IfÂK; ,4�ËÍÂKþÏ����T�KIåÊ�sT�	é¹Õ��v; ,5�ËÍIØò¿�pn��, �:3*�¹: sG'���Æûújð��v���, ÂKî���IØò¿!ÆåÊ��1��; �Æ/;ÓÆ¨º.

2 �Æ)SIfë�KIÆFOCø:yî�ËùÑ��°�MAXI J1820+070,!�Ñ�½�Ifë�KIÂK�(�¾�/�ìâÄ�FOC. FOCyî�2009t/¨, �+�2010t1��(
w1.56 m�Ü\�2012t5��(=_2.4 m�Ü\��2I(ÂÁATel 11510[56]). KÆ�ùW
Ñ�Ì�)E§X-1�-P�Ì�)N§X-1�X�¿	²�Ùf§X-1�ù¶��	²�åÊ*+Æ®ÀØØ�ÛL���ÂK. øsKÕÓ�(EWASS (European Week

of Astronomy and Space Science) 2015t�®-ÛLÇËÍ. d!ÂK�}(�W)�ð=_2.4 m�Ü\
. =_ÂKÙð�M��Ï100◦1′48′′, �¬26◦41′42′′, wÔ:
3193 m[63]. \:-ý�'��(�If)��Ü\, =_2.4 m�Ü\���¾���2′′, í¯ß*¾���0.5′′/hr[63–64].

FOCø:/Qe'fLucky Imagingûß���¤�6H,. þ1>:�FOCø:��Â��Å�=_2.4 m�Ü\ö�gG. åûß)(².6·, �ÝÁvå\)���(�−120◦CDÑ. FOC�(5w&�hö(Charge-Coupled Device, CCD)�÷:E2 V CCD971 , (â�5000–6500 Å���ÏPH�'�90%. FOC�CCD/'lûCCD (frame transfer CCD), �(Ý��Ø�ûú����ö, ý�ûújð��(^8N�4s: (ûú��:1 MHzö�ûújð< 1 e−rms, (�'ûú��15 MHzö�ûújð:14 e−rms, Ù�Ê�E2V Technologies6 �5P
�CCD (Electron-

Multiplying CCD, EMCCD)�/. FOC�(h'(full-frame)ÂK!�, �º
ïåå	Ø¾�45 Hz�'�; S�(P'(sub-frame)!�ÛLÂKö, '�ïåÛ�e�Ø. FOC�CCD�þÏ:ß:552 × 528*Ï , 	HÏ :512 × 512, ÏC'�:
16 µm × 16 µm, 	H>::ß'�:8.19 × 8.19 mm, FOC>n�=_2.4 m�Ü\&sb, ù��Æ:(Feild of View, FoV)�:91′′ × 91′′.

1æÁhttp://www.pixcellent.com/ccd97-00 b 2p imo.pdf.
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þ 1 FOCgG. æ: FOC�ÂgG; ó: FOC�Å�=_2.4 m�Ü\
�gG.

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 ÂK
MAXI J1820+070(2018t��Ñ-, X�¿N�QPO(v��l�ö�àA)��å��X(. MAXI J1820+070(2018t�«Ñ°Æ, vX�¿N�QPOá÷«�!ÂK0, v�v��(�ÑÇ�-
­��[48, 60–62]. MAXI J1820+070IfN�QPO1,�\�â��2018t4�1å)(=_2.4 m�Ü\�YFOSCKIÂK�HÑ°(ÂÁATel 11510[56]), ǑÆÈ	�*IfÂK¢K0Û�e����-�IfQPOá÷[57–59]. 2018t4��X�¿ÂKÑ°MAXI J1820+070N�QPO��	� 01 HzÊå
����¿, �ì�/æÑ=_�Ü\:GÂK, å�ùvIfN�QPO�w��i�:6ÛL�v.(2018t4�22å�5�26å�8�31å(UTC) 3*KI�y�ö��ã, �ìý�H�(FOC��ï('����h'ÂK!�ùî��MAXI J1820+070ÛLÂK, å¿�Ö���Â��, ·��Ø(Ï�pn. :GÂKö�	P, (Ù3*KI��í�ÂK-, �ì�+·�223037�126382�159876 h'þÏ, ;ÝIö��+¾5100 s�

2890 s�3655 s. ,1*�,3*KI��ÂKaöøù�}, (Ó_h'!�ÂKÆ, �ì¢"'0ùMAXI J1820+070ÛL��10 min 1/4'CCD (512 × 128Ï )!�ÂK,·�Ø¾�6 msö��¨�Ñ�Ì�ÝIþÏ. (Ó_ÂKÆ, ýÛL8ÄKI��)zs:(flat)ÍD��:(dark)ÍD. à:ÂKö���ã	P, �ì=�·Ö���ÂKpn. �ì�+ÍDh'�1/4'!�5 s'����)zs:�5E, Î��0h'�1/4'sGs:. 1�FOC¡	:°ëè, àd�ìÇ(nI�!OCCD�¹ÕÍD�:. (ÛL�:ÍDö, :ÝÁ�:��5A:�Æ�!ÆþÏ��5A:�Ñ<ø�, �ìÇ(Æ�!ÆþÏø��'���¾n, �+·���'����5 s'����h'�1/4'�:þÏ�5E, Î��0��'����5 s'����h'�1/4'sG�:. :�·����IPp�vIØ, �	ÂKG¡	�(äIG. h1-�ì�ú
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62w Û�íI: Ifø:FOCùÑ�Ì�Øö��¨KI'ý�v 5��Ù3!ÂK�æÆáo. 1�5�26åKI��)�:��, ÂKpn����
B. àd, �ì�!ÆÂK�pn��Í¹>(4�22å�8�31å$*KI��ÂKpn
.h 1 2018tùMAXI J1820+070�æÆÂKáo
Table 1 Detailed information of the observations of MAXI J1820+070 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 pn��
4.1 þÏ����ì�gImage Reduction and Analysis Facility (IRAF)[65–67]�Ǒ-�ÆþÏ���e¤ùÂKCCDþÏZå�9
¡�: �H, 1��ì·��sG�:þÏ�ö�+,�(BIAS)��5A��, àd�ìùÂK�þÏ�s:þÏÏ»Æv'���ø��sG�:þÏ, �°ù�þÏ�s:þÏ�,���5A9
; ǑÆ, (sGs:þÏdås:-Mp�0R��s:; �Æ(Ï�,���5A��þÏdåR��s:, �È�0ÏÇ,���5A�s:9
�ÂK�þÏ. �ìù�	h'�1/4'!�ÂK�0��Ë�þÏýÛL�å
���9
.þ2>:�FOC
�ÂK!��ùMAXI J1820+070�ÂKÆ:. h'�1/4'!�ÂKþÏ:�þ�þ2æþ�:. åh'ÂK!�:�, (�ì�Æ:-, d�î��
(target) MAXI J1820+070å�, Ø	4�®�ïå\:Â��(comparison star No. 1–

4); �(1/4'!�ÂKÆ:-, Å	��®�ïå\:Â��(�°:No. 1). �ÇùÔCCDþÏ�ø�):DÑ��þ(eêSTScI-DSS2 )-®��Mn(þ2óþ), �ìïån¤Æ:-�*�
�P�. h2�úÆ:-î���ï(Â��ù�Gaia

DR2[46, 68]Ñ���
(ID)�P�.

4.2 T�KIÆ�sT�	éU!ÂKÞí·��CCDþÏp(12� å
, þÏ;p¥Ñ~� , �ÂKùa���Ñ��-, �ì��=ëÖ�öØÂKpn, �ÁIfN�Æh�/a�¢KÓ�. ÎÂK�CCDþÏ(þ2æ
þ)-ïå�0, Æ:-�*®�����Ǒ, àd�ì	éKIH��Ø�T�KI¹Õ. �ì�(�ÆIRAFT�KI�Ǒ[65–67]¡�ÏÇ����CCDþÏ-î����Â��(h'!�:4*Â��, 1/4'!�:�*Â��)�:�. �ì�Hn��*KIT�Ǒ�, ��<:�*Ï , �'<:þÏ-�®�(î��)JØh½(Full Width Half Maximum, FWHM)�3
(�25*Ï ), Ǒ�¨
2ú�z��Ü\�v�-pWá)(Space Telescope Science Institute-Digitized Sky Survey, STScI-DSS)�pn.
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62w ) � f ¥ 5����:�*Ï . �ÇÙ*T�Ǒ�, �ìùÏ1'þÏ-�î���Æ®�ï(Â��ÛLT�KI, Î�·��ìÏ1'þÏ�:�Ǒ�.

þ 2 MAXI J1820+070IfÂKÆ:.æþ: h'�1/4'ÂK!��KþÏ.óþ: MAXI J1820+070�Â��DÑ):�þ(eêSTScI-DSS)�FOCÂKÆ:. ¢r���°î��Ñ�Ì�MAXI J1820+070�Ifù�S,Ýr���°�*Æ®Â��.þ-Â����°��÷Æh2-��÷ù�.ÿrébFh:ÆFOCÇÆCCDÆ:øù��):, FOC�}(=_2.4 m�Ü\�h'!�Æ:�:91′′ × 91′′, 1/4'!�Æ:�:91′′
× 22.75′′. Ï <�UM:!plbUC(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 J1820+070. The blue circles mark the comparison stars. The labels of the

comparison stars follow Tab. 2. The green squares mark the FoVs of ∼ 91′′
× 91′′ corresponding to the

full-frame and ∼ 91′′
× 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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62w Û�íI: Ifø:FOCùÑ�Ì�Øö��¨KI'ý�v 5�h 2 FOCÂKÆ:-MAXI J1820+070ÆÂ����I�P�
Table 2 MAXI J1820+070 and the comparison stars in the FoV of FOC and their

magnitudes and coordinates

Source Name/Gaia ID Source No.a Magnitudeb
Coordinate (J2000)b

R.A. Dec.

MAXI J1820+070
0 17.41 18:20:21.94 +07:11:07.19

(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

a The numbers are corresponding to those in Fig. 2;
b Gaia DR2[46, 68].1�'�¶�IÂKaöö;(9Ø, ù�Ï1'þÏ�KI, ��
ý���Ç¡��0���KIT�. �ì�ÇÔ��1'þÏ�)IÌo�Æ:-�®�(î��)ǑT�Ø��sG:�, �0Ù1'��sKIT�. þ3U:�KIT��	é¹Õ. å�1'þÏ:�, �H, �ì�Ç
ðK��Æ:-�®��:�Ǒ�¡��0ÆT�Ǒ�ù��sG:�Ø�, �þ3æþ�:, Ù�sG:�Ø�>:�å�Ï -�<¹:wË, Ǒ�T�J��� �sG:��Ø�. þ3óþ�+(1��2�Ø¯��!ß�¹�:�ǑT�Ï p:����, ïå�0�-��:��Ø, Ǒ�T���'�:�Ï1. (	éKIT�ö, �¹b�=ïý���:�ý¡�(�, Ù�BT�³�'; æ�¹b�=Ï�d)IÌo�qÍ, �
ý�ÖvÖ��:�, Ù�BT�
ýÇ'. �ì	ésG:�'�)IÌo1σ
Pù��T�Ǒ�-�Ï p�'<:Ù1'þÏ��sKIT�(�þ3æþ-�÷), å�öá³
ð$*aö. ùh'�1/4'ÂK!��Ï1'þÏ, �ìýÇ(å
¹Õn�v�sKIT�. ��

�®����å	�ê
���sT�, F1��ìÛL�/Øö��¨ÂK, :�¨���', �íö��Â���î��v
w	�êR����¹�iUýp(Ô�'�M¨qÍ), �ÆíKI!Æö�ìÇ(hè4*Â���sG\:;Â��, å¿)(ß¡¹ÕMN¨=�qÍ, �å�ìùÙ1'þÏ-�î���Â��Ç(ß��T�ÛLKI, Û��0Ù1'þÏ-��:�. �ìù·��Ï1'þÏý¡��*�sT�ÛLKI, Û��0Ï1'þÏ-��:�, �È·�î���Â����ËIØò¿.

5 pn��
5.1 '���Æûújð��v�ì�FOCå§:ûß°UÏ'þÏ�ö�à¾n
�ïå¾n01 s�2 s, v�	gHÆÞí°U'pǑ÷. �ì��ÎÙ��Ë°U-¨�Ï'ù��ö�, v¢v
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62w ) � f ¥ 5�'�Ç7��K3�'. wSËÍ��: �Ç¡��µö�ÆÙµö��·��þÏ;p�Ô<, �ìïå�0sG'���. �ì�H	é�*î�ö��(��), (�!ÂKt*ÝIö�
Ñ¨î�ö��, vß¡(dö���·��þÏ'p�Ø�Åµ,1dïå�0(t*ÝIö��Ï*î�ö��ÏÒsGþÏp���, Î��0ÏÒsGþÏp�sG<��Æî, �È¨­úø�î�ö���sG'�����Æî.
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þ 3 KIT�	é. æþ: åî��Ï -�<¹(pixel):w¹,¹�sG:�Ǒ�KIT��'�Ø�ò¿.Ñr�¿��¹h:À:�, sÏ»)IÌoÆ�:�.)IÌoå4s�¿h:,)IÌo1σ
På4sZ¿h:.�Ò�ù��<h:Ù1'�sKIT�:12*Ï ,h:sG:�'�)IÌo1σ
Pù��T�Ǒ�-�Ï p�'<:12.óþ: å1�(
)�2�(�)Ø¯��!ß�¹��:�ǑT�Ï p:����.��¹Z¿(
)���¹Z¿(�)h:T�.

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 1σ 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.�ì�ÇÏÒsGþÏp���e�vFOC�'���(�þ4�:). (�v-, �ì	é4*î�ö��, �+:1 s�2 s�10 s�60 s, vù4�22åÂK��h'�1/4'!�ÂKpnÛL
ð��, ù��ÏÒsGþÏp��¹þ���þ4
þ�:.h3U:�4�22åÂK�$ÍÂK!��4*î�ö��ù��ÏÒsGþÏ¡p,åÊ\:ùÔ�5�26å�8�31åÂK��ÏÒsGþÏ¡p. ïå�0, 4*î�ö��ù��ÏÒsGþÏ¡p:(43.733 ± 1.299) s−1�(43.733 ± 0.693) s−1�(43.733

± 0.106) s−1�(43.733 ± 0.022) s−1 (h'!�)åÊ(170.420 ± 4.902) s−1�(170.426 ±

2.417) s−1�(170.425 ± 0.436) s−1�(170.426 ± 0.082) s−1 (1/4'!�). 1dïå¡�sG'����+:(22.866 ± 0.679) ms�(22.866 ± 0.362) ms�(22.866 ± 0.055) ms�
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(22.866 ± 0.011) ms (h'!�)�(5.868 ± 0.169) ms�(5.868 ± 0.083) ms�(5.868 ±

0.015) ms�(5.868 ± 0.003) ms (1/4'!�)(ÂÁh3). ïå�0
�î�ö��ù��sG'���(0.001 msÝ���, ÙhÆ�FOC(t*ÂK-w	�}�ö�Ç73�'. �ìÛ�eÔ��(4�22å�5�26åh'ÂK!�(1 sî�ö����ÏÒsGþÏp���åÊ4�22å�8�31å1/4'ÂK!�(2 sî�ö����ÏÒsGþÏp���(þ4�þ). ïå�0, 
�ÂK�ø�ÂK!��ÏÒsGþÏp���w	ø<'. ÙhÆFOC(
�å��!ÂK-�sG'���_Ý�3�. ÏÇå
��, �ìÇ(2018t4�22åK��sG'���\:FOC'���, ÛL�ðÆí�v�¨�.
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þ 4 IfÂK'��v. 
þ: 4�22åÂK��h'(æ)�1/4'(ó)!�ÂK�+(î�ö��1 s�2 s�10 s�60 s

(p�1Eóñ)��ÏÒsGþÏp��.æ�þ: 4�22å(p)�5�26å(Ñ)h'!�ÂK(1 sî�ö����ÏÒsGþÏp��. ó�þ: 4�22å(p)�8�31å(Ñ) 1/4'!�ÂK(2 sî�ö����ÏÒsGþÏp��.

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 1 s, 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).

FOC�CCD�º�'ûú��:15 MHz,sh'!�ûúö��0.019430 s, 1/4'!�ûúö��:0.004858 s. 'lûCCD(��'���ö�ÝIÇ�ÆûúÇ�/
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ÝIö�I�ûúö�, sh'!�ÝIö��:0.019430 s, 1/4'!�ÝIö��:0.004858 s. �ìK��h'!�'���:0.022866 s, 1/4'!�'���:0.005868 s, �úö���+'lûIÇ��ö���.(��'���ÍD��:Ñ<I�,��Åµ�, �ì)(5 s'����s:þÏÆ��'�����:þÏ, 	gûújð¡�¹Õ[69–70], �ì�0CCD(15 MHz��ûújð�:19.8 e−rms, e'��ºûújð14 e−rms. FdÓ�Ø���ï`'���À�.h 3 FOCÂKsG'���KÏ
Table 3 The measurements of the average frame time of the FOC during our

observations

Date Targeted time window/s
Average frame time/ms

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

5.2 Æ:-®��IØò¿�ì�ÇT�KI�0Æ:-î���ï(Â��(h'!�ÂK	4*, 1/4'!�ÂK	�*)��ËIØò¿. þ5:Ù����ËIØò¿:�. þ5
þ>:�8�31åh'!�ÂK�0�MAXI J1820+070�Æ:-4*Â����µ�ËIØò¿. :���p0>:IØò¿�Ø�, �ì¾nö��¨:1 s. h'!�Æ:-�î���4*Â���IØò¿àº(�ö�(à~Ò)Ø/íö�(àÒ)
ýú°�ø<�Ø��¿, ��0–500 sæó5*��IØò¿ýú°�H�MÆ
G�Ø��¿, v�5*��IØò¿(���öú°ø<�aM(dip). î���Â���öú°�:�Ø�/1�'���IIÂKaöûß'Ø��w.:��dûß'Ø�&e�qÍ, �ìÇÖ���!ÆÇ�: åh'!�ÂK:�,�H�ì�4*ï(Â����ËIØò¿ø Ædå4, �01aÂ��sGIØò¿,ǑÆ�î����ËIØò¿dåÙasGIØò¿, å�d'�Iûß'Ø��qÍ. �Æ�ì(
�e�0�Ó�XåÂ��sGIØò¿:��sG<, �0åÂKöµ:�R���î��!ÆIØò¿. �ìù4*Â��_ÛL�7�!Æ, (e���À��ìKIÓ��ï`'��P. þ5�þ>:�MAXI J1820+070�4*Â��ÏÇ
ð!ÆÇ�Æ�0�!ÆIØò¿, ïå�0, ÂKaöIûß'Ø��w��ËIØò¿(0–500 sö�µ�Ø����aM(!ÆIØò¿-�0Æ>î
. ���ú�/, à:ÂK���', ¥Ñ�Ü\svaö, àd(ÂK-, ø:�ã��Ó2�
Ä�. ÂKÇ�-24�ï/���4Ǒ�*�(Æ:-��û, ��w�*�KÏ:
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���b�Ø. �EÂK-, =_2.4 m�Ü\ýÝÁÂKùa�Â��(Æ:-�bû¨�
úÆ:�ö�'�:30 min, 
ðà �w
��:��
ø���b�6. 1��ì�Ñfî�/�Æ)Síö��øùIØ, Ù�à �w��b�Øv
qÍë�KIÓ�.ù4�22å� 5�26å�8�31å�h'!�ÂK, Æ:-�ï(Â����; v-4�22å�8�31åÂKaö�}, ï(Â��	4*, 5�26åÂKaö�î, ï(Â��:2*. MAXI J1820+070Æ:��*Æ®Â���X(���ìïå�Ç¡�Â��sGIØò¿�¹Õ�}0MNǑ:¨=�qÍ. 4�22å�8�31å�1/4'!�ÂK1�Æ:��, ê	�*ï(Â��(Â��No. 1). {<0, �ì�î���ËIØò¿dåÂ���ËIØò¿�XåvsG<, Î��01/4'!�ÂK!��î��!ÆÆ�IØò¿.

þ 5 �KIØò¿:�. 
þ: 8�31åh'!�ÂK��ËIØò¿:�.Ñrãhî��MAXI J1820+070, pr1ñóEãh4*Â��.�þ: Æ
þù���öµ�0�MAXI J1820+070 (Ñ)�4*Â��!ÆIØò¿(pr1ñóE). ö��¨:1 s.

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 J1820+070

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

5.3 IØò¿���1���0��IØò¿Æ, �ì��Û�eùÖì���1ÛL��, î�/�vÂKûß�,�öØh��Æh�á÷, �ìFOCKIûßêhá÷, �Ü\IfûßÆ�Ü\:°ûßá÷åÊïý1'��¨�w��Ü\�¨I§��öØá÷. Î��Ç
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62w ) � f ¥ 5�Û�e!Æ, ·�ïá��Ø�î��)S�IØá÷.þ6>:��ìùî���Â�����1��Ó�. �ì�Hù4�22åh'!�ÂK�0�î���4*Â���ËIØò¿Zë��ÌöØb��0vù����1, vùvÛL�U�LeahyR��[71]. �Q0�ì�Ñfî�/íö�IØá÷,�å�ìùh'!�pn	é��íö��¨0.022866 s, Z�ÌöØb�Ï*ö�Gµ(segment)���:187 s, �+8192*pn¹. î���4*Â����Ë��1Ó��þ6æ
þ�:. (*
djð���Åµ�, 4*Â�����11nÓø<, î�����1�>W
�, �ehÆFOC¢K0�Ñ�Ì�MAXI J1820+070�IØá÷. (�0.4 Hz�, 4*Â����Ë��1ý(Þí��
ú°ø<�h�á÷, �:Ù�á÷
ïýeê�,«, �ïýeêêh���Ü\��6á÷. =¡î��pn(d���á÷v
Æ>, �ì¨KÙ/1�î���IØE��:, ��1>:(Ù�����î���;SIØ�'(vE�ÜÜ'�Â��). d�, î��(�0.16 Hz	�*Æ>QPOá÷, ��	Â����1-ý¡	Ù�á÷. Ù1/Ñ�Ì�MAXI J1820+070-�IfN�QPO (ÂÁATel 11510[56]�ATel 11591[57]), v��:(0.157 ± 0.002) Hz, FWHM:(0.030 ± 0.006) Hz, øùrms�4.1% ± 0.3%, ÆèÕk�(Swift/XRT)ÊvÖX�¿k�¢K�X�¿QPO����. s�Ñ�Ì�QPO�Ó��ì���ÛL�v. �È�ì�04�22åh'ÂK!��î��!ÆIØò¿��Ìö��1(þ6ó
þ). <�è��/, Â��No. 1���1(�0.25 Hz�á÷��v¡	ú°(vÖÂ�����1-, �ìØàÕn�Ù�IØá÷�e�, FvïýeêÙ*�,«.�ìÛ�e�v8�31åh'!�ÂK�î���4*Â���ËIØò¿ù����1(ÂÁþ6æ�þ). 4*Â�����1�tSnÓÆ4�22åÂKøÔ¡	Æ>Ø�, hÆÙ���IØ'(($!ÂK-¡	ú°Æ>�9Ø. �î�����1�>:ú>W
�, í:�î��(8�31åÂK-IfIØ'(Ñ��>WØ�. X�¿ÑKpnhÆåÑ�Ì�òÏÛeX�¿o1�, àd�ì�IfÂKÆX�¿1�ÂK��, 1B���;ü. �ö, î���Â����Ë��1ý	�*Æ>�á÷ú°(�0.33 Hz�, ��(�1 Hz_ýú°�*øù�1�á÷. ÙhÆ�ì/eêêh��Ü\�'�IqÍà �6 ��IØá÷. F4�22å�8�31åú°�^,�á÷���v
ø�. �7�, 8�31åh'!�ÂKî��!ÆIØò¿���1(þ6ó�þ)-(�0.33 Hz��1 Hz_ú°�Ù�á÷, �ÆMðùIØ�!ÆÇ�êù{<'�IÂKaöØ�&e�^,�IØ�!Æ	H, ûß'qÍv
��ïå�h�d.�ìÛ�eù4�22å�8�31å1/4'!�ÂK�IØò¿(î���Â��No.

1)Z
ð��1��, (4�22å1/4'!�ÂK-, Â��No. 1�ËIØò¿���1(�0.4 Hzú°{<Såh'!�ÂK���1á÷. 8�31å�1/4'!�ÂKpn>:, Â��No. 1�î�����1ý(�0.33 Hzú°ø<á÷. Ù�^,�á÷�FOC�'���¾nàs, àd�ì¤:(��)�ÂK-, Ù*á÷_�ïýÆFOCsû
'.

4�22å�1/4'!�ÂK-, î��MAXI J1820+070��ËIØò¿�!ÆIØò¿���1ýÁ��0.16 Hz�IfQPO. (�d���1-�^,�á÷Æ, �ì�
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62w Û�íI: Ifø:FOCùÑ�Ì�Øö��¨KI'ý�v 5��·�î��MAXI J1820+070��Ìö��1, v¢K0v-�y�ößIØá÷,s-����0.16 Hz�IfQPO. Ù
Å�Á�FOCh'�1/4'ÂK!��ï`',_ÁÆFOCw�¢KÆ®)SÒö�å�(íó5 ms)�ë�IØá÷�ý�.
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þ: 4�22åh'ÂK!�MAXI J1820+070

(Ñ)�4*Â��(pr1ñóE)IØò¿��1.ó
þ: 4�22åh'ÂK!�MAXI J1820+070!ÆÆ���1.æ�þ: 8�31åh'ÂK!�MAXI J1820+070 (Ñ)�4*Â��(pr1ñóE)IØò¿��1.ó�þ: 8�31åh'ÂK!�MAXI J1820+070!ÆÆ���1.��1Ç(ùpre-bin, ûp:1.1.

Fig. 6 Fourier power spectral analysis of the optical light curves of the BHXRB MAXI J1820+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 J1820+070 obtained on April 22.

Lower-left panel: The power spectra of the original light curves of MAXI J1820+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.

6 ;ÓÆ¨º�ì(2018t4—8��ÇùÑ��°�MAXI J1820+070 X�¿�ÑÇ�-�3!IfØ�KIÂK, �Á�FOC�íö�KI�K'ý. �Ç��ø:ÂK�'����î���ï(Â���IØò¿���1Á��FOCå	¢K�5–25 msíö�IØ�ë�IfKIý�. '�����hÆ, FOCh'!��sG'���:(22.866 ±
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0.679) ms, 1/4'!��sG'���:(5.868 ± 0.169) ms, øùïî
'�3%, ÁÆø:ïå(e�víó5 ms�IØá÷. �ì�Ç5 s'����s:���'�����:, 	gl�[69–70]¡��0ûújð:19.8 e−rms, eØ��º<14 e−rms, dÓ�Ø�����ï`'���À�.(3!ÂK-, �ì�(FOC(h'!��·�2890–5100 s�ÞíIØò¿,(1/4'!��·�880–1400 s�ÞíIØò¿, Á��FOC(h'�1/4'!��Þíë�KIý�. �ÇÔ�Â���î��(��!ÂKÆ
�!ÂK-�Ë��1Ê!Æ��1, :���,�IØ�ïý1�ìø:(��¾�åÊ�Ü\�¨I&e�^,�IØ, ��¢K0î��MAXI J1820+070-�IfQPOá÷vKÏvøùIØE�(fractional root-mean-square), �ÈÁÆFOCw�¢KÒö�å���Æ)Së�IØ�ý�.(4�22å�ÂK-, àº/h'Ø/1/4'!��ÂK, Æ:-î���4*ï(Â�����1ýw	�0.4 Hz�IØá÷, �ì	�1¤:Ù/1�êh��Ü\IÂKà §��^�,�IØá÷. 8�31å�h'�1/4'!�ÂK�0���1-, {<á÷ú°(�0.33 Hz��1 Hz. <�è��/, (4�22åÂK���1-, No. 1Â��(�0.25 Hz�>:��*y+�IØá÷, Ù�á÷v¡	ú°(Æ:-vÖÂ��ÊÂKùa���1-. �ì¨KÙ�á÷ïý/No. 1Â���,�IØ, Ù��*e��ùåÂ���ÂK å�Á.�" =_2.4 m�Ü\1-ýÑfb��W�?�q�D©, v1�W)�ð�-ýÑfb'Ñf-�T��L�¡�. �ì�"�W)�ð}ÑÆð�ù,!:GÂK�yÆ, �"�W)�ð�úý�&�)�� �I�O©�!.. FOCø:/Qe'fCCD 6200ûßM�E2 V CCD 97��6H,, �ì��"Qe'fCraig MackayY��ln)��Henk SpruitZëÙ���í.©��±.Â��.
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High Speed Photometric Performance of Fast Optical

Camera During the 2018 Campaign of a Black Hole

Transient

MAO Dong-ming1,2 YU Wen-fei1 LIN Jie1,2 ZHANG Ju-jia3 YAN Zhen1

ZHANG Hui1 ZHANG Wen-da1

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

(3 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011)

ABSTRACT 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 J1820+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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