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Abstract S50716+714 and 3C 273 are frequently studied blazars, vghiolv obvious optical variabilities
with different timescales. Using the 1.0 m telescope at thenén Observatory, we monitored the two
sources. For S5 0716+714, we report 990 observations diméngionitoring duration from JD 2458536 to
JD 2458540. For 3C 273, there are 884 observations durimgpdmétoring duration from JD 2458539 to JD
2458542, Based on those observations, we obtain the folpprisults. (1) For S5 0716+714, there lie intra-
day optical variabilities (IDVs), with timescales from Q@.8ours to 2.64 hours. For 3C 273, it is possible
that there lie IDVs, with timescales from 0.36 hours to 0.481s. (2) The time delay of S5 0716+714 is
Trr = 3.46 min betweenRk and/ bands, and the time delay of 3C273js = 6.42 min betweer/ andV
bands. (3) We find that, for S5 0716+714, there lies a suspéuti@-day periodP = 185.78 min; for 3C
273, there lie intra-day periods, which are abeut0 min and~ 80 min.

Key words: quasars: general — quasars: individual (S5 0716+714, 3¢-27@alaxies: photometry

1 INTRODUCTION superluminalmotion, strong gamma-ray emission, etc
(Urry & Padovani 1995Ulrich et al. 1997. Among them,
The radiation from an active galactic nucleus (AGN)the optical variabilities are typical features, with the
is believed to be the result of accretion of mass bytimescales from minutes to years (e.Bqon et al. 2009
a supermassive black hole at the center of its hosthang etal. 2008Fan 2005 Fan et al. 2009bFan et al.
galaxy Esposito et al. 20)5Blazars are typical radioloud 2014. Based on these timescales, the optical variabilities
AGNs, which can emit a wide-range of electromagneticcan be divided into three types: intra-day variabilities
radiation from radio toy-ray and can be enhanced by (IDvs), short-term variabilities (STVs), and long-term
Doppler beaming. variabilities (LTVs).

Blazars can be divided into two subclasses: flat spec- |DVs show the timescales from minutes to hours
tral radio quasars (FSRQs) and BL Lacs, which can be disOke 1967 Miller 1975, Gupta etal. 2008 Fan et al.
tinguished according to the equivalent width (EW) of emis-2009h Dai et al. 2009 Poon et al. 2009Fan et al. 2014
sion lines or the location of the synchrotron peak frequencyuan et al. 2015a Fanetal. 2019 Agarwal & Gupta
(). Generally, FSRQs have typical broad emission lines(2015 reported that, i3, V', R, or I bands, the amplitudes
with EW >5A while BL Lacs have weak emission of variability are up to 31% for 3C 454.3, and 9.2% for
lines (EW<5A) or no emission linesandrinellietal. 3C 279 among 21 nightd.iu et al. (2019 reported that

2016 Urry & Padovani 1995 Ghisellinietal. 2011  3C273 quickly brightened byAmp ~ 0.05 + 0.01 mag
Sharrato et al. 201 Zhisellini & Tavecchio 201p within 26.6 min.

Some models can be used to explain the emis- The phenomenon of IDVs can be explained as the
sion mechanism of high-energy radiation, such as thexternal interstellar scintillation (ISS) effect causeg b
synchrotron self-Compton model (SSC), the soft phoscattering from the interstellar plasma screen between
tons scattered up to the-ray region are from the the sources and the observerSpéngleretal. 1989
synchrotron emissions in the jeMéraschietal. 1992 Dennett-Thorpe & de Bruyn 2002the decaying shock in
Bloom & Marscher 1996Zdziarski & Krolik 1993. jet or the accretion disc instabilitiesvérscher & Gear

Blazars exhibit some extreme properties, such ag&985 Marscher etal. 20Q08Chakrabarti & Wiita 1993
rapidly and violently optical variability, high polariza- Mangalam & Wiita 1993 The IDV results can help us
tion, non-thermal continuum spectrum, core dominanceto study the emission regions, the Doppler factor, and the
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central black hole of blazars (e.@Vagner & Witzel 1995  optical variability. Finally, Sectiod discusses the results
Ciprinietal. 2003 2007 Kalitaetal. 2015 Daietal. and draws conclusions.
2015.

LTVs with the timescales in years can be explained, HgSERVATIONS AND DATA REDUCTIONS
as the precession in binary black hole systeAite( et al.

1985 Marscher & Gear 1985 Begelmanetal. 1980 The observations of S5 0716+714 and 3C 273 were

Sillanpaa et al. 1988Camenzind & Krockenberger 1992 carried out using the 1.0m optical telescope at the Yunnan

Rieger & Mannheim 200@®003 Valtonen et al. 2008 Astronomical Observatory, which is equipped with an
Research of multi-band time delays can help us ta\ndor DW 436 2048x 2048 pixels CCD systeniThe

study the emission properties and constrain the emissioli!d of view of the telescope is about 7:37.3 for a focal

locations. There are some works about these studiggducer.

(Poon et al. 20069Zhang 2010Wu et al. 2012Man et al. The bias images are taken at the beginning and the end

2016. For exampleZhang(2010 found that the soft X- of the night's observation. The flat-field images are taken

ray variations were observed to lag the hard X-rays byt the dusk and dawn. The data reduction is carried out by

about 1000s in S5 0716+71Man et al.(2016 found that  the standard procedures of IRAF, which is based on the

the time delays were 1.308 0.603 min betweerz and  Linux system. Photometry is obtained after the bias, dark

I bands, 1.445t 0.511 min between th& and bands. and flat-field corrections.

Meng et al. (2017 reported the time delay of about 10 Given K, the number of comparison stars, for each of

min between the light curves from thé and R bands. them (5;,i=1,2,..K), we calculate théth target magnitude

Rani et al.(2013 found that high energy (optical - GeV) (m;): m; = myjo + M4jc — Mijoe, NETE M0, IS the

flares propagate down to radio frequencies dependence @mstrument magnitude of the comparison star m;,

the frequency with a slope- 0.3 following at 65 days is the instrument magnitude of the target m;. is

time delay, and found that the opacity was important tathe standard comparison star magnitude. Considering the

producing time delays between light curves at opticallywhole comparison stars, the target magnitude €an

thin and thick wavelengths. be calculated asn = ZK:Kl " with a standard error
The relationships between the flux densities and. _ /S(m;—m)?

spectral variations at different bands have often beeg B K-l

studied (e.g.Xie et al. 1999 Xie et al. 2004 Ghosh et al.

200Q Mantovanietal. 2000 Collmaretal. 2000

Sambruna et al. 2001Fan et al.(20099 found that the

strength of the flux variations in higher frequencies was

higher than those in the lower frequencies, and found thai opT|CAL VARIABILITIES

there lied time delay betweér and/ bands.Zeng et al.

(2018 analyzed the correlations between the spectral. S50716+714

indices andV-band flux densities and found that the The B, V, R, I (BVRI) band light curves of S5

spectrum became bluer when the sources became brightez16+714 are shown in Figurk and they are listed in

S5 0716+714 is one of the frequently studied BL LacTable1, in which Col. (1), Band; Col. (2), JD-2458536;
objects, which show extreme variability on time-scalesCol. (3), brightness, in units of mag; Col. (4), the standard
from minutes to years in all observed wavelengths, fronfleviation of Col. (3), in units of mag.
radio to X-rays. It is a good target of intra-day research ~ For S5 0716+714, there are 990 observations, among
and has been studied by many authdtedn et al. 2009 them, the maximum variance are respectivélynp =
Guptaetal. 2012Bhattaetal. 201;3Manetal. 2016 0.2374+0.008 mag,Amy = 0.432+0.051 mag,Ampg =
Lee et al. 2016etc).Rani et al (2013 found that the long-  0.202 =+ 0.006 mag,Am; = 0.321 £ 0.029 mag.
term variability ¢~ 350 days) trend was superimposed with 2, 3C 273

shorter time scales(60 days) in the optical light curves. TheB, V, R, I (BV RI) band light curves of 3C 273
Agarwal & Gupta(2019 found that the amplitudes of flux are shown in Figure?, and they are listed in Tabl,
variability were up to13.5% for S5 0716+714 on intra- in which Col. (1), Band; Col. (2), JD-2458536; Col. (3),
day time-scales aB, V', R or I bandsAgarwal & Gupta  prightness, in units of mag; Col. (4), the standard dewiatio
(2019 calculated a possible time-scale of variabilityl.2  of Col. (3), in units of mag.
hours atl and V' bands based on the structure-function ko, 3¢ 273, there are 884 observations, among which,
(SF) on 2012 Jan. 21. the maximum variances are respectivélypz = 0.075 +
This paper is arranged as follows. Sectbgives the  0.018 mag,Amy = 0.035+0.015mag,Ampr = 0.076 +
observations and data reductions. SecBaescribes the 0.02 mag,Am; = 0.055 + 0.018 mag.

The comparison stars of 3C 273 are collected from
Smith et al.(1989. The comparison stars of S5 0716+714
are collected fronvillata et al.(1998.
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Fig.1 The BV RI light curves of S5 0716+714.
Table 1 The BV RI Observations of S5 0716+714
Band JD m o Band JD m o Band JD m o Band JD m o
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1 @ (3) @1 O @ (3) @4 | @O @ (3) @ 1 @O @ (3) 4)

0.011 15.179 0.044
0.014 15.389 0.03]
0.016 15.265 0.033
0.019 15.050 0.064
0.022 15.224 0.034
0.024 15.204 0.07§
0.027 15.123 0.00¢§

0.015 14.593 0.081
0.017 14.533 0.08§
0.028 14.612 0.01%
0.030 14.594 0.064
0.036 14.678 0.034
0.038 14.769 0.023
0.041 14.698 0.03}

0.174 14.281 0.07
0.207 14.232 0.094
0.081 14.270 0.03]
0.034 14.101 0.05(¢
0.091 14.180 0.05(
0.227 14.282 0.05%
0.182 14.442 0.03§

0.013 13.755 0.042
0.016 13.606 0.015
0.018 13.492 0.073
0.021 13.528 0.079
0.024 13.606 0.076
0.026 13.661 0.032
0.029 13.644 0.036

[seliveResRvvRvvivelive]
=<<=<=<=<<
Evlisvi=vii=viiaviaviiay
~ e~~~

This full table is available ift t p: / / www. r aa- j our nal . or g/ docs/ Supp/ n84773t abl el. pdf .
3.1 Intra-day Optical Variability The C-test is calculated aB¢mero et al. 1999

3.1.1 Method C = o(ms — Mcom1)
U(mCOrnl - mComQ) ’

We use the variability amplitude (Amp), F-test and C-test a(ms — Mooms) (2)
method to analyze the intra-day variability. Coy = 5
U(m001111 - mCom2)
1. Amp

Variability amplitude (Amp) Heidt & Wagner 1995  Whereo (ms —mcom1), o(ms —mcom2), aNdo (mcom:1 —
can be used to measure the variability of every day, whichicom2) are the standard deviations of the differences
can be introduced as the following, of instrumental magnitudes between the source and
comparison ‘1’, the differences between the source
A =100 x \/((mmax — Mmin)? — 202)%, (1) and comparison ‘2’, and the differences between two
comparisons ‘1’ and ‘2’, respectively. If the variability
wheremax andmy;, are the maximum and minimum  criterion requiresC’ > 2.576, the variable corresponds to
magnitudeg is the RMS error. a 99 percent confidence level.
2. C-test 3. F-test
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Fig.2 The BV RI light curves of 3C 273.

Table 2 The BV RI Observations of 3C 273

Band JD m o Band JD m o Band JD m o Band JD m o
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
2 (3) 4 (2 3 4) 1) @ 3 @11 @ (3)

4)
0.340 13.361 0.084 0.340 12.841 0.03§ 0.341 12.782 0.004 0.342 12.310 0.029
0.342 13.351 0.074 0.343 12.830 0.04(¢ 0.343 12.777 0.009 0.344 12.299 0.012
0.345 13.369 0.06¢4 0.345 12.837 0.03} 0.346 12.797 0.003 0.347 12.309 0.023
0.347 13.361 0.08¢ 0.348 12.812 0.04§ 0.349 12.789 0.013 0.349 12.313 0.015
0.350 13.348 0.06¢ 0.350 12.836 0.077 0.351 12.790 0.009 0.352 12.323 0.016
0.352 13.361 0.077 0.353 12.826 0.04¢4 0.354 12.795 0.011 0.354 12.309 0.011
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This full table is available it t p: / / www. r aa- j our nal . or g/ docs/ Supp/ n84773t abl e2. pdf .

F values are very reliablelé Diego 201)) and can be mutual verification.
introduced as: (1) If there lies intra-day variability only at one band,
which should be unreliable.
(3) (2) If there lie intra-day variabilities at two bands, which
should be uncertain.

whereVar(mg — m1), Var(ms — ma), Var(mi — mz)  (3) If there lie intra-day variabilities at more than two
are the variances of instrumental magnitudes differenceyands, which should be reliable.
Fg. . 1s the critical F-valuey,, andv. are the number
of degrees of freedom for the blazar and the comparisog 1 2 Result
star respectively, ang is the significance level set as
0.01(2.60). If the average F value (the averagefgfand When a light curve obeys the requirements: (1) the
F3y) is larger than the critical value, the blazar is variable abptical variability (Am) is more than three times sigma
the confidence level of 99%. (o) (Fan et al. 2009bFan et al. 201} (2) the variability
4. Multi-bands mutual verification parameter C> 2.576 Romero et al. 1999 (3) the F-test
On every day, our observations cover four banfls ( value is higher than the critical valué-gn et al. 2018

V, R, I), so we can use the following method to makede Diego 201]) (4) if there are more than two bands lying

Var(mg — mq) Var(mg — ms)
Fh=gT———h=g —

~ Var(m; —mg)’ "~ Var(mi —ma)’
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variabilities, we think intra-day variability (IDV) occted.
In the calculation, we usé\m to represent the biggest
brightness variability, withc being the corresponding
standard deviation, anfi¢ being the time span akm.

Our results about the IDVs are listed in Tab&and
4, in which,
Col. (1) observation date;
Col. (2) band;
Col. (3) number of observations;
Col. (4) C-test value;
Col. (5) F-test value;
Col. (6) the critical value of F-test (at tf®% confidence
level);
Col. (7) variability amplitude;
Col. (8) At, time span (the timescale of optical variability),
in units of hour;

Col. (9) Am + o, variable value (the difference between
maximum and minimum of peak) and the corresponding

standard deviation, in unit of mag;
Col. (10) the state of optical variability/¢ variability, U:
uncertainN: non-variability).

(1) S50716+714

102-5

First, we make the Galactic extinction correction from
NED (htt p:// ned.i pac. cal t ech. edu/). For S5
0716+714A5 =0.112 magAy =0.085 magA i =0.067
mag,A; = 0.047 mag; and for 3C 273! = 0.075 mag,
Ay = 0.057 mag,Ar = 0.045 mag,A; = 0.031 mag.
Second, we convert the magnitude,) into flux density
(F,), then use the relatiod, « v~ to calculate the
spectral indexd), here, the frequency igz = 6.81x 10
Hz, vy = 5.45 x 10 Hz, vz = 4.68 x 10** Hz, v; =
3.75x 10 Hz (Herev is frequency). Lastly, based on the
relationlog(F,) = —alog(r) + const, we obtain spectral
indices ().

Subsequently, we use the linear fitting to analyze the
relations between andF, (v = V,R,I): F, = kx a+b.
In this processy is the Pearson’s correlation coefficient,
which can be expressed as:

B O [}
VE(xi —7)%/E(y; — 7)?
wherex; is Fy, g 1, y; IS o, T is the average value of, and

7y is the average value df, (v = V, R, I), p is the chance
probability of linear fitting.

(4)

From Table3, we can see that, for S5 0716+714, there 22 Res
are IDVs on three nights, Feb.23, Feb.24, Feb.25, whose2-2 Result

intra-day light curves have been shown in FigBrevhere,

the black dots stand for intra-day light curves, and the

(1) S5 0716+714
For S5 0716+714, we obtain 218 spectral indiees (

red dots stand for the magnitude differences between twQ .- are in the range from 0.432 0.027 to 2.146+

comparison stars ‘5’ and ‘6'.
On JD 2458539, atR band, the source brightens
by Amgr = 0.119 mag within 100.8 minutes from JD

0.156, with the average val@e= 1.41+0.22.
The correlations betweeh, (v = B, V, R, I) anda
are shown in Figur®, where the black dots stand for the

2458539.155 to JD 2458539.225. The brightness Cafistributions betweelt, anda, the red lines stand for the

fade by Ampr = 0.139 mag within 100.8 minutes from

JD 2458539.25 to JD 2458539.297, with the variable

linear fitting.
For the whole sample, the linear correlations between

amplitudes 92.%. At I band, the brightness can fade byF anda are as the following:
0.091 mag within 62.8 min and brighten by 0.096 Madat v band,a = (—0.148+0.016)7, +(2.153+0.08), with

within 129 min.
(2)3C 273

From Table4, we can see that, for 3C 273, on Feb.25

and Feb.26, there lie variabilities at two bandsgnd ),
so those variabilities are uncertain, see Figynghere the

black dots stand for the light curves and the red dots stan
for the magnitude difference between comparison stars ‘G, i1, r

and ‘D'

There may lie IDVs, with the variable valuésny =
0.076 £+ 0.02 mag within 30 min atk? band, andAm; =
0.082 £ 0.012 mag within 25.8 min af band.

3.2 Optical Spectral Indices
3.2.1 Procedure

According to Fanetal. (2014, Yuan etal. (2017 and
Xiong etal. (20179, and so on, we obtain the fol-

ry = —0.531 andy < 0.0001, which imply a strong anti-
correlation;
at R band,a = (—0.045£0.022)F +(1.679+0.13), with
rr = —0.139 andp = 3.99 x 1072, which imply weak
anti-correlation;

I band,a = (—1.73+1.48)x10~2 F; +(1.267:0.123),
—0.009 andp = 0.898, which imply no

correlation.

(2) 3C 273

For 3C 273, we obtain 216 spectral indice$,(which
are in range from-0.148+ 0.001 to—0.086+ 0.001, with
the average value = —0.1274-0.009.

For the whole sample, the linear correlations between
F, anda are as the following:
at V band,a = (—0.205+0.011) Fy, +(2.518+ 0.139),
with ry = —0.792 andp < 0.0001, which show a strong
anti-correlation;

lowing method to calculate the optical spectral index.at R band,a = (0.167+ 0.029)Fr —(2.266+ 0.36), with
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Table 3 The IDV Results of S5 0716+714

Date Band | N C F Fe(99) | A(%) At Am+o V/N/U
(h) (mag)

(1) (&) 3 4 ©) (6) ) (8) C)] (10
2019 Feb 21| B 65 | 1.719 | 2.956 1.8 0777 | - - N
2019 Feb21| V 106 | 6.026 | 6.097 1.579 | 0.888 | 2.2 | 0.432+0.051 N
2019 Feb21| R 96 | 2.003 4.04 1.618 | 0.938 | - - N
2019 Feb21| I 92 | 1.118 1.31 1.635 | 0501 | - - N
2019 Feb 23| B 72 | 10.783| 116.977| 1.747 | 0.438 | 2.64 | 0.396=+ 0.001 \%
2019 Feb 23| V 72 | 4665 | 21.776 | 1.747 | 0.309 | 1.38 | 0.246+ 0.006 \%
2019 Feb23| R 90 | 13.439 | 180.753| 1.644 | 0.268 | 1.49 | 0.202+ 0.006 \%
2019 Feb 23| I 94 | 14.984 | 225.462| 1.626 | 0.434 | 0.69 | 0.321+ 0.029 \Y;
2019 Feb 24| B 69 3.94 16.06 1.768 | 0.224 | 1.67 | 0.212+ 0.001 \%
2019 Feb 24| V 88 | 6.437 | 42.245 | 1.653 | 0.236 | 2.3 | 0.206+ 0.003 \%
2019 Feb24| R 91 | 7.024 | 49.385 | 1.639 | 0.071 | 1.75| 0.139+ 0.003 \%
2019 Feb 24| I 89 | 4932 | 24328 | 1.649 | 0.178 | 2.5 | 0.16+ 0.0001 \%
2019 Feb 25| B 16 | 4.971 | 4.971 3.522 | 0.321 | 0.33 | 0.129+ 0.008 \%
2019 Feb 25| V 27 | 4535 | 46.383 | 3.027 | 0.202 | 0.25 | 0.169+ 0.007 \%
2019 Feb25| R(1) | 20 | 8519 | 82.832 | 3.027 | 0.157 | 0.56 | 0.116+ 0.011 \%
2019Feb25| R(2) | 8 8.498 | 62.931 | 6.993 | 0.127 | 0.19 | 0.132+ 0.02 \%
2019 Feb 25| I 31 13.7 | 105.725| 4.849 | 0.233 | 0.31 | 0.086+ 0.005 \%

Table 4 The IDV Results of 3C 273
Date Band | N C F Fc(99) | A(%) | At Am+o V/N/U
(h) (mag)

(1) 2 1] @ ®) (6) ) (8) C)] (10
2019 Feb 24| B 40 | 1.357| 1.85 2.135 0.04 - - N
2019 Feb 24| V 40 | 1.842| 3.416 | 2.135 | 0.032 | - - N
2019 Feb 24| R 40 | 2.344| 552 2135 | 0.041 | - - N
2019 Feb 24| [ 39 | 8612 | 74.675| 2.157 | 0.101 | 0.78 | 0.072+ 0.02 N
2019 Feb 25| B 53 | 1.789 | 3.222 | 1.923 | 0.084 | - - N
2019 Feb 25| V 51 | 1.962 | 4.135 | 1.949 | 0.089 | - - N
2019 Feb 25| R 52 | 4478 | 21.38 | 1.936 | 0.119 | 0.49 | 0.076+ 0.02 U
2019 Feb 25| [ 50 | 5.927 | 35.429| 1.963 | 0.277 | 0.43 | 0.082+ 0.012 U
2019 Feb 26| B 54 | 1.647| 2.761 | 1.911 | 0.071 | - - N
2019 Feb 26| V 55 | 2.461| 6.13 1.899 | 0.183 | - - N
2019 Feb 26| R 53 | 5.426 | 30.387 | 1.923 0.26 | 0.36 | 0.068+ 0.025 U
2019 Feb 26| I 53 | 439 | 19.4 1.923 | 0.484 | 0.55| 0.0554 0.02 U
2019 Feb 27| B 83 | 1.173| 1.387 | 1.679 | 0.071 | - - N
2019 Feb 27| V 83 | 2.132| 4644 | 1.679 | 0.071 | - - N
2019 Feb 27| R 82 | 2.135| 5416 | 1.684 | 0.153 | - - N
2019 Feb 27| I 81 | 311 | 9.724 1.69 0.104 | 0.94 | 0.0424+ 0.02 N

rr =0.372 ang < 0.0001, which show weak correlation; wherex;, y; are two data streams,andy are the average

at [ band,a = (0.253+ 0.02) F7 —(3.24+ 0.223), with  values of the data sets, ando, are the corresponding

rr = 0.69 andp< 0.0001, which show strong positive standard deviations.

correlation. Second, we average the UDCF points according to
each lagr, and obtailDCF(r),

3.3 Time Delays Among Different Bands 1
. . DCF(r) = —=XUDCF;;(7), 6

To analyze the time delays among different bands, we use (7) N i(7) ©)

th_e discrete correlation fu_nct|0n (DCF) m(_ethod to dealwhereN is the total number of data pairs.( y;). The

with the uneven data. This method was introduced b tandard error of each bin is

Edelson & Krolik (1988, and can be used to analyze the

time delays from time series of different bands. We get 1 200.5

. . . ) = —(X[UDCF;; — DCF . 7

time lags by exploring the correlations from two variable o(7) N( | ! (") M

temporal sets with DCF method. To get the result, first,

: . Finally, we use the Gaussian function to fit the DCF
we calculate the unbinned correlation (UDCF) of two data y ; .
: ) results, and obtain the delay time.
stream, which can be defined as:

For S5 0716+714, the calculated results are shown in
(i — @) % (y; — ) Figure6. On JD 2458538, the time delayigp = 12.72+

UDCFy; = 0z X 0y ’ () §.35 min betweenr and B bands. On JD 2458539, the
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Fig.3 The IDV light curves of S5 0716+714 &V RI bands. From top to bottom, every row stand for the light csirve
on Feh.23, Feb.24 and Feb.25 respectively, wherdyl ok dots stand for the optical variability and thied dots stand for
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Fig.4 The IDV light curves of 3C 273 aRk] bands. Thélack dots stand for the light curves and thed dots stand for
the magnitude difference between comparison stars ‘C’ Bhd *

time delay istgy = 18.58 & 1.73 min betweenR andV  betweenl and B bandss;y = 6.42+ 3.37 min betweerd
bands;yr; = 3.46 & 1.44 min betweenRk and/ bands. andV bands.

For 3C 273, the calculated results are shown in3.4 Intra-day Periodicity
Figure7. On JD 2458540, the time delayisg = 16.76 =
5.47 min between andB bands;;gr = 11.19+£2.72min  3.4.1 Method
between/ and R bands. On JD 2458541, the time delay
is Trr = 22.176 + 3.3 min between/ and R bands. On Generally, the intra-day light curves of blazars show
JD 2458542, the time delay isp = 9.48 + 3.15 min uneven distributions, and thus we chose the power
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Fig.6 The time delays among different bands of S5 0716+714.blaek dots with errorbar stand for the DCF results,
and thered lines stand for Gaussian fitting.
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Fig. 7 The time delays among different bands of 3C 273. bileek dots with errorbar stand for the DCF results, and the
red lines stand for Gaussian fitting.

spectrum (PS) and DCF methdeah & Lin 200Q to deal  the power spectrum as a function of the angular frequency

with this question.

w =27 f > 0is defined as:

Power Spectrum Analysis: The most commonly used

tool for L oy (@(n) — @) cosw(tn — 1)
periodicity analysis of both evenly and unevenly Ph(w) = — = 0 — ]
sampled signals is the Periodogram method, which is an 20 Y on—o €082 w(tn —7) 8
estimator of the signal energy in the frequency domain 1 [Zg:ol(x(n) —T)sinw(t, — 7)) (®)

(Deeming 197h Lomb (1976 introduced a modified + T‘.g[ _ZN_lsian(t = ]

form of this method, which can be described as follows. n=0 "

Considering a series(n) with N points, then letf be  andr is defined by the equation:

the frequency and be a variable timescale. Their mean

and deviation are given b = & > z(n) ando? = tan(2wr) = SV sin 2wt ' ©)

LSV (2(n) — ). The normalized Lomb'sP?, i.e

N—1
Y n—o C€Os 2wty
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We calculate the error of the period by calculating theto 14.187+ 0.04 mag, with the averaged valtg = 13.75
full width at half maximum (FWHM) of the periodic + 0.14 mag. The IDV timescales of S5 0716+714 are in
signals, and use the red noisgchiulz & Mudelsee 2002 the range from 0.31 hourg\¢n = 0.086 £+ 0.005 mag) to

to measure the PS results. 2.64 hours Am = 0.396 &+ 0.001 mag).
Yuan et al.(2017 used the observations from 2000 to
3.4.2 Result 2014 and found that the variable range® @/ bands were

_12.44+ 0.02~ 15.114+0.01 mag al” band, 11.67-0.04
For S5 0716+714, based on DCF and PS method, it is, 14 59+ 0 08 mag af? band and 11.3% 0.03~ 14.09

possible that there lie periods &t and I bands on JD | o mag atf band respectively
2458539, which have been shown in Fig8r@nd Figure9. '

In Figure 8, the dot lines stand for the DCF result, and For 3C 273, there are 884 observations.Aband,

the red lines stand for Gaussian fitting. In Fig@ethe there are 225 observations, which cover from 131205

black lines stand for the PS results; the red, green, bluer’hag t0 13.39+ 0.1 mag, with the averaged valaes =

cyan lines stand for the 80%, 90%, 95% and 99% red nois?3 19+ 0.09 mag. At band, there are 219 observations
levels, respectively; the red dashed lines stand for Gamnissi which cover from 12.79+ 0.08 mag to 12.94+ 0.04

which are consistent
with our results.

fitting. .

. . _ mag, with the averaged valuey = 12.9 + 0.04 mag.
c ITr11e. r,:;am r_eSUItS have been listed in Tablevhere, At R band, there are 224 observations, which cover from
Cgll 8: Jg_me' 12.69+ 0.05 mag to 12.85- 0.02 mag, with the averaged

valuempg = 12.77+ 0.02 mag. At/ band, there are 216
observations, which cover from 12.240.02 mag to 12.5
+ 0.04 mag, with the averaged valgg = 12.31+ 0.03
mag, and brighten b\ R = 0™.08 in 22 minutes. The IDV

go:. (S)E ]IZR’ per_lo(;j att[Rbbar(;d,_ n ur_1t|ts (f)f rr_ur.]; timescales are 0.36 hourA{: = 0.068 + 0.025 mag) and
ol. (7): Py, period atl band, in units of min; 0.49 hours Am = 0.076 + 0.02 mag).

qu. (8): P, the averaged period different bands, in units of Based on the observations in 2000 to 2084 et al.

mm.From Table5. we can see that for S5 0716+714 (2014 obtained that the magnitude distributionslat R
the DCF results might be two times of the PS results.Z 23 Ilzbgndi 1V\;3e5rem;2'9:e512é?:tir\]/1ealg'i%)ilsgt zlalz.gzon;ag
Considering the DCF results, the averaged period of two e 9 P yiong (2017
bands isP = 185.78 & 81.17 min. On every day, our analyzed the observations of 3C 273 from 2005-2016 and

. o . obtained that the variable rangedak! bands were, 13.1

observations covet 6 hours, which is only two times of
S . . g ~ 12.42 mag af’ band, 13.09~ 12.37 mag atR band
P, soitis necessary to verify the period with more data. nd 1259 11.93 mag af band. respectively. Based on

For 3C 273, based on DCF and PS method, we fin he u .er com. arisor?s we car,1 fing that O)l/.ir results are
intra-day periods on JD 2458540, JD 2458541 and J consiSthtwith E[)he other,s
2458542, see Figurd9and11. '

The main results have been listed in TaldeOn
JD2458540 and JD2458541, the periods are consistefit? Doppler Factor
with each other, which is about 60 min. On JD 2458542
the period is about 80 min.

Col. (3): Method;
Col. (4): P, period atB band, in units of min;
Col. (5): Py, period atV band, in units of min;

A relativistic jet is the typical characteristic of blazars
The fluxes of blazars can be strongly increased by a
factor of 5>t~ considering a stationary jet, or by a
factor of 63T considering of distinct ‘blobs’ in the jet
(Blandford & Konigl 1979. So the Doppler factordj is
very important in studying the origins of the physical pro-
During our monitored duration, we obtain the following cesses in the compact emission region of Blazars, which
observations. For S5 0716+714, there are 990 observatiohave been studied by many pape@hisellini et al. 1993

s. At B band, there are 197 observations, which cover frontartman etal. 1999Fan etal. 2009aSavolainen et al.
14.93+ 0.01 mag to 15.76- 0.02 mag, with the averaged 201Q Fan et al. 2014Yuan et al. 201).

valuem g = 15.22+ 0.19 mag. AtV band, there are 250 We use the method froifRan et al (2013 to calculate
observations, which cover from 14:4 0.1 mag to 15.06 the lower limit of the Doppler factors,

+ 0.02 mag, with the averaged valdg, = 14.72+ 0.17
mag. At R band, there are 272 observations, which cover
from 14.101+ 0.05 mag to 14.608 0.025 mag, with the
averaged valugry = 14.324+ 0.12 mag. At/ band, there Fev,, E,
are 271 observations, which cover from 13.490.07 mag x( 1y ) GeV

4 DISCUSSION AND CONCLUSIONS

4.1 Optical Variabilities

dr,
Mpc

§ >[1.54 x 1073(1 + 2)*+2( )2(%)71

(10)

o)
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Table 5 Intra-day Periods of S5 0716+714 and 3C 273

Source JD Method Pg Py Pr Pr P
(min) (min) (min) (min) (min)

@) 2 3 4 (5) (6) ™ (8
S50716+714| 2458539 DCF 170.36 £+ 45.19 - - 191.05 +22.32 | 185.78 £ 81.17
PS 93.20 £ 35.12 - - 79.93 + 26.74 92.58 £ 63.59
3C 273 2458540 | DCF 53.80 £13.96 | 76.78 £23.08 | 61.16 £+ 16.08 - 63.91 £+ 31.40
PS 62.03 £19.93 | 52.80+ 16.07 | 87.18 + 38.43 - 67.33 £46.18
2458541 | DCF - 63.33 £ 17.54 - 56.85 + 17.15 60.09 £ 24.53
PS - 67.52 + 26.79 - 51.55 + 13.52 59.54 + 30.00
2458542 | DCF - - - 78.63 +20.18 78.63 +20.18
PS - - - 81.37 £+ 24.87 81.37 £ 24.87
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Fig.11 Intra-day periods of 3C 273 calculated by PS methods, wherelack lines stand for the PS signal, thred,
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] T T T ] I T T T T T 24,
244 2019-02-21 24 10000 [ awF
Lincar Fit of uvs F Linear Fitofavs F
2.0 4 201 | 2.04
e N \
—— e =
I e ST g8
s 161 516 S . 1 s 16
=1 %
1.2 % L 124
124 #fA o9 s i E
- F
S50716+714 0.8/ 850716+714 i 08785 0716+714 : E:Zarp‘immw
4 5 ‘ 7 45 50 55 60 65 70 175 6 7 8 9 10 11
F , /mly F  /mly F /mly
‘ ‘ ‘ 22 ‘ : ‘ 20 ‘ ‘
209 \2019-02-23 | ¢ «wFy I 2019-0223 | ° “VFx S50716+714 2019-02-23
Linear Fitofavs F 2.0 Linear Fit of a vs F —— .
: x 1.84 o st 1
1.8 ) |
1A87 4 —e=—
6. is ’ |
1.6 ) p
] 3 1.6 4 3 ey
1.4 14 1.44 - . i
121 1.2 1 L2 T T
S50716+714 S50716+714 LinearlFi& ofavs F
1.04— ‘ ‘ ‘ ‘ ‘ 1.0 : ‘ ‘ 1.0+ Al
34 36 38 40 42 44 46 44 48 52 56 6.0 6.5 70 75
F /mly F /mly F /mly
1.8 ‘ = ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
® avsF 0774 ® avsk o 2019-02-2
+ \:LincarFilof&vsF v 1.6 2019-02-24 — 1.6 2019-02-24 i
1.6 Hﬁﬁ 20190224 1
1.44 — 1.4 1
= 1.4 s e s
124 —_ i 124 1 124 g
S50716+714 — | S50716+714 ¢ owk, S50716+714
10 10 | oI LincarFitofavs P,
T 48 52 56 6.0 6.4 ’ 6.0 6.4 6.8 72 " 80 84 88 92 96 100
F ,/mly F /mly F  /mly

Fig. 12 The correlations betweenand Fy, gy of S5 0716+714 on every day. The upper row stands for thetsesnlJD

2458536, the middle row stands for the results on JD 2458688pwer row stands for the results on JD 2458539, while

thered lines stand for the linear fittings.

wherea is the X-ray spectral indext{x « vy“), Fiev IS
the flux density at 1 keV[Z, is they-ray energyq;, is the

For S5 0716+714, our minimum timescal@ésl’ is
0.058h,d;, = 1499 Mpc (NED),Fi.v = 0.9%Jy, a=1.77

luminosity distance and\7" is IDV timescales, in units of (Donato et al. 2001 £,=4.59 GeV Fan et al. 2014 so

hours.

we obtainy > 8.096. For a comparison, from the literature,
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Table 6 Linear Correlations of S5 0716+714 betweénanda

JD | FLvsa | k+Ak | b+ Ab | r | P
avsFy | —0.512+ 3.09x 10~° 4.0284+ 1.49x 10~% | -0.813| < 0.0001
a.vsFr | —0.339+ 3.68x 10~° 3.614+ 2.24x 10~4 | —0.452 | 4.15x 10~4

2458536 | «a.vs.F; 0.2594 2.07x 10—° —0.6764 2.29x 10~ 0.478 < 0.0001
a.vsFy | —0.715k 8.58x 1012 4.39+3.5x 10~ 11 -0.813| < 0.0001
avsFr | —0.46+9.78x 1012 3.85+ 5.01x 1011 —0.452 | 4.15x 104

2458538 | «a.vsF; | 0.1444+7.13x 10712 | —1.6474+5.05x 1011 | 0.478 < 0.0001
a.vs.Fy —0.182+ 9x 10—3 2.364+ 4.9x 102 —0.326 | 2.06x 103
a.vsFg 0.1584 8.9x 10— 3 0.3194 5.8x 102 0.375 | 5.61x 10~*

2458539 | «a.vsF; 0.1784+ 4.5x 103 —0.2554 4x 10~2 0.68 < 0.0001

Table 7 Linear Correlations of 3C 273 betweéh anda
JD | avsh, | k+Ak | b+Ab | r | P
a.vs.Fy (2+4)x 103 -0.17+£0.115 0.0815 0.62184
a.vs.Fgr (-7+£3.84)x 1073 0.691+ 0.91 -0.31335| 0.05208
2458539 | .vsF; | (-9.29+ 0.602)x 10—3 0.1675+ 0.0182 | —-0.93039| < 0.0001
a.vs.Fy (6.89+3.19)x 10~ 3 —-0.3+0.079 0.3068 0.03594
avsFr | (0.949+2.6)x 1073 -0.151+ 0.064 0.05252 | 0.72587
2458540 | «.vs.Fr (-7+£0.464)x 10~ 3 0.107+ 0.0139 -0.92977| < 0.0001
a.vs.Fy 5.24+2.55)x 103 —-0.259+ 0.064 0.29224 | 0.04623
avsFr | (5.03+2.54)x 10~3 —0.254+ 0.063 0.28085 | 0.05316
2458541 | a.sF; | (-7.5+0.617)x 103 0.098+ 0.0186 -0.87338| < 0.0001
a.vs.Fy (8.6+1.7)x 1073 —0.34729+ 0.04254 | 0.49339 | < 0.0001
a.vs.Fgr (3.3+1.22)x 1073 —-0.2126+ 0.02947 | 0.29383 | 0.00816
2458542 | a.sF; | (-7.95+0.55)x 103 0.111+ 0.0168 -0.85145| < 0.0001

there are the following values, = 1.5 (Guijosa & Daly
1996, § = 2.1 Ghisellini et al. 1993 ¢ =5.89 (fuan et al.
2017, 6 =8.76 fFan etal. 20094 ¢ = 10.9 Hovatta et al.
2009, which are in the range from 1.5 to 8.76, and our

resultis in this coverage.

For 3C 273, based on the minimuxil” = 0.107h,
dr = 734 Mpc (NED), Fxev = 10.921uJy, a = 2.11
(Brinkmann et al. 1997 £, = 2.82GeV Fan et al. 2014

near the black hole, which can shed light on the emission
size (Rem)- This emission sizeK.,,) can be calculated as
the following (Fan et al. 2018

R < coP
eI

+ z

=1.08 x 1014

o6 P

—(;p)em. (D)

cm

here,s is Doppler factory is redshift,P is IDV period,c

is light speed.

we can obtaind > 6.04. For a comparison, from
the literatures, there are the following values,= 6
(Hartmanetal. 1999 6 =6.64 (fuanetal. 201}, § =
16.8 Savolainen et al. 20306 = 17 (Hovatta et al. 2009
ovLpi= 5~12 (Savolainen et al. 2008orstad et al. 2005
which show the coverage of8L7, and our result is in this
range.

The IDV period can indicate the innermost stable orbit
period, which depends on the black hole and the accretion
disk (Xie etal. 2002 2005 Dai etal. 2015 Liu & Bai
2015 Fan 2005 Fanetal. 2014 Based on the orbit
period, we can obtain an upper limit to estimate the masses
(M) of the central black holedbramowicz & Nobili 1982
Miller et al. 1989.

(1) For a thin accretion disk surrounding a Schwarzschild
black hole; = 993, the massi/ = 3.18 x 10° £ Mo

(2) For a thick accretion disk surrounding a Schwarzschild
The central black holes play a key role in the observationablack hole; = 44M | the mass\ = 4.77 x 10° 2= L Mo.
properties of blazars and might shed some light on3) For a Kerr black holed = 1), r = 1.48 x 105(1 +

the evolution of active galactic nuclei (AGNs)dn W) , the massM = 1.93 x 106 P — Mg Here,
2005. The mass of black hole can be calculated bwye use the IDV periods to indicate the perle

many methods, such as velocity dispersidffu(et al. For S5 0716+7145 > 8.096, the IDV period

4.3 The Central Black Hole Mass

2002 Woo & Urry 2002 Woo et al. 2005 Sharrato et al.
2012, reverberation mapping\oo & Urry 2002, optical
luminosity (Kawakatu et al. 2007 and so on.

P = 185.78 + 81.17 min, the redshiftz = 0.31+0.08
(Nilsson et al. 2008 So the black hole masses are in the
range fromd.51 x 107 M, t02.74 x 108 M, and emission
For blazars, the origin of intra-day variability (IDV) size R.,, < 2.07 x 10'° cm. Yuan et al.(2017 obtain
periods are probably produced in the innermost regionthe masses are in the range(@f2 ~ 25.6) x 10" M.
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Gupta et al(2009 obtained the mas¥/ = 2.5 x 10M. is 0.31 hour, while 3C 273 is 0.36 hours. Both of them

Liu et al. (2019 obtainedR.,, < 4.78 x 10 cm (5§ = reflect periodicity. The former source may be periodicity,

10.8). Our results are larger than the others. The mai = 185.78 min while the latter may be aperiodicity,=

reason for this might be that we avail the IDV peridd)(  60.09 min, which should be verified by more data.

but the others use the minimum timescalAg§), which is Furthermore, for S5 0716+714 we obtain the mini-

lower than the IDV period. mum time delay wasr; = 3.46 min, for 3C 273 we obtain
For 3C273, IDV period” = 60.09 min, z = 0.158, the minimum time delay wasy; = 6.42 min.

6 > 6.04, we obtain the central black hole mass in the

range of(1.65 ~ 10.0) x 107M andRey, < 5.64 x 1014 AcknowledgementsWe acknowledge the support of

cm. For a comparisoiuan et al(2017 obtained the mass e Yunnan Observatory 1.0m telescope. This work is
are in the range df0.95 ~ 5.74) x 107M,. Espaillat et al. partially supported by the National Natural Science
(2008 obtained the black hole mass being abdiit = Foundation of China (Grant Nos. U1831119, U1531245

8.1 x 107 M. Liu et al. (2019 obtainedRe, < 6.27 x and U1431112), Science and Technology Program of

10 ¢cm (5 = 16.8). Our black hole mass is consistent with Guangzhou (201707010401).
Espaillat et al(2008 and the emission region is consistent

with Liu et al. (2019. References
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