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ABSTRACT

Aims. The quasar S4 09%5624 is one of the targets in the Urumgi flux density monitopnggram, which aims to study the properties
of intra-day variable (IDV) extragalactic radio sources.

Methods. The IDV observations of S4 093624 were carried out monthly, from August 2005 to January02@4th the Urumqi 25m
radio telescope at 4.8 GHz. We analyze these and previousli3¥rvations to investigate the long-term IDV charadiegsof S4
0917624. We also study the long-term structural variability ofliexcsecond scales using VLBI maps obtained at 15 GHzeftak
from the MOJAVE database) in order to search for a possilidgioa between variations in the IDV pattern and the souteeture.
Results. The quasar S4 09%624 exhibits only very weak or no IDV during our 4.5 year obégy interval. Prior to the year 2000,
the source S4 09%624 was one of the most prominent IDV sources. Our new datedtelthat the previous strong IDV has ceased.
We analyzed the long-term VLBI structural variability ugiaussian model-fitting. From this we obtained the flux dessand
the deconvolved sizes of core and inner-jet componentseo$dlirce. We studied the properties such as core fractignjarsize,
spectral index, and brightness temperature of VLBI cor&#0917%624, as well as the time delay between 5 and 15 GHz variations,
and compared them with the IDV properties of S4 09824. The source shows ejection of several jet componentatbauspected
to have partially reduced the IDV amplitude of S4 09624. However, during 2005-2006, the VLBI core size was caaigla to
the size before the year 2000, but no strong IDV was deteatéki period, suggesting that the quenchifiga due to source size
changes may not be responsible for the lack of strong ID\f #feyear 2000. The refractive scattering properties ferstihong IDV
phase of S4 091624 before the year 2000 are discussed.

Conclusions. The disappearance of strong IDV in S4 09624 after the year 2000 is a mystery and cannot be explairsethei
quenching &ect by changes in the observable VLBI structure. Howeveray ime caused by changes in the interstellar medium, i.e.
by interstellar weather, which induces changes in the ilaitiin pattern on timescales of several years. Furtherdioated multi-
frequency observations will be required to distinguisiween the &ect of source-intrinsic variability and changing propestof the
interstellar medium.

Key words. quasars: individual: S4 093624 — radio continuum: galaxies — galaxies: jets — ISM: $tmec— scattering

1. Introduction brightness temperatures can only be reconciled with ther ge¢
o ) ) ) Compton limit, assuming strong relativistic Doppler-btiog,
Intra-day variability (IDV) of active galactic nuclei (AGNat  ith Doppler factors larger than 100. Such high Doppler fac-
centimeter wavelengths was discovered in the 1980s (Wetzekors are not seen in VLBI. Alternatively, source extrinsiop-
al. 1986; Heeschen et al. 1987). Significant IDV mainly oggation @ects, e.g. the interstellar scintillation (ISS) caused by
curs in flat spectrum radio sources, which belong to the clag® intervening line-of-sight material in our Galaxy, cobke re-
of radio-loud core-dominated AGN. Statistical studiesge&} sponsible for the observed IDV of compact sources (Rickett e
an IDV rate of 25%-50% in these flat-spectrum radio sourcg§1995; Rickett 2007). In order to better understand timgo
(Quirrenbach et al. 1992; Lovell et al. 2008) and an evendtighterm behavior of IDV sources, we carried out an IDV monitor-
rate of ~60% in gamma-ray bright Fermi blazars (Liu et aling program for a number of IDV sources, including quasar S4
2012a). From the beginning of the discovery of IDV, botly917+624 at the 6 cm band from August 2005 to January 2010

source-intrinsic and -extrinsic mechanisms were proptses- with the Urumgji 25 m radio telescope in Xinjiang Astronontica
plain the IDV (see Wagner & Witzel 1995 for a review). In theopservatory, China.

source-intrinsic explanation, the flux variability on tisoales of

less than one day would imply very small sizes of the emitting The quasar S4 09%624 (OK 630, 1.453) was one of the
regions and very high brightness temperatures (e.8Klfbr first strong IDV sources found (Heeschen et al. 1987) wittn hig
S4 0914624, see Quirrenbach et al. 1989; Qian et al. 199Mariability amplitudes 0f~10-15% occurring on timescales of
seven orders of magnitude greater than the inverse-Comptdhday. Jauncey & Macquart (2001) and Rickett et al. (2001)
limit of 10%?K (Kellermann & Pauliny-Toth 1969). These highanalyzed IDV data of S4 0945624 and find a systematic vari-
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ation of the variability timescale over the year. Thigeet — For the data analysis, we use the statistical quantitied) su
known as the annual modulation of IDV —is caused by the Eardis the modulation indem (a measure of the amplitude of the
orbiting around the Sun and corresponding systematic variariations); the variability amplitud¥, which is unbiased to the
tions of the Earth velocity vector with respect to the stadiy- systematic calibration uncertainty; and the reduced ghagsed
assumed scintillating pattern. For more examples of thei@nny?, to describe the variability as shown below (see also Kraus e
modulation of the IDV timescales, see Dennett-Thorpe & dd. 2003),

Bruyn (2000); Bignall et al. (2003, 2006); Gabanyi et ab(2);

Marchili et al. (2012); Liu et al. (2012b, 2013a). m[%)] = 100L’ (1)
In September 1998 the previously strong IDV of S4 <S>

0917624 changed and suddenly became weaker (Kraus et al.

1999). This may be due to a prolonged variability timescal¥[%)] = 3 {/n? — mg (2)

which in the ISS model for S4 094624 is expected to ap-

pear in September (Rickett et al. 2001). The IDV startedragai 1 Si-<S>,

February 1999; however, from September 2000 to 2001 the IBY = 1 Z( AS; )% ©)

of S4 09174624 then ceased completely (Fuhrmann et al. 2002;

Kraus et al. 2003). The intermittency of IDV in S4 094624 whereos is the standard deviation of flux densities from the
may be due to changes in the interstellar medium properti@gan flux density in a light curve; S > is the mean flux den-
andor caused by an increased size of the scintillating compsity in the light curvemng is the mean modulation index of all
nents (Narayan 1992; Walker 1998; Krichbaum et al. 2002). Lsecondary calibrators in the same observatiois the number
etal. (2013b) studied the total flux densities and spectd#x of of measurements in the light curve, aBdandAS; denote indi-
S4 0917624, and found that the source spectral index becamielual flux density and its error.

slightly steeper after the year 2000, implying that the seumnay

become less core-dominated after 2000. A correlation btwe . .

source spectral index and the ISS characteristics was fioumd <-1- Result from Urumai observations of S4 0917+624

large sample of 140 sources by Koay et al. (2011). IDV sourcgforder to ascertain whether or not IDV is present, we applie
may also be more variable intrinsically on longer timese#@n g )2 test to each data set. We adopt the criterion that a data set
non-IDV sources (Peng et al. 2000). However, high-resoiiuti with a probability of< 0.1% of being constant is considered to
VLBI data are required to study whether variations in therseu pe variable, which is equivalent to the confidence level 0999
structure play a role in the variation of the IDV pattern of Sfp define the IDV. From this analysis, we find that the source
0917+624. - S4.0917%624 shows IDV in only 6 sessions, and does not show
In section 2, we analyze our results from the Urumqi fluypy in 24 sessions in Tab[g 1. It may also be useful to look at th
density monitoring observations together with previoug Hata ratio of the variability indexn to the mean modulation index of
of S4 0914624; in section 3, we study the long-term VLBlcalibratorsm, (treated as 1): only two sessions show IDV at a
structural variability of the source; in section 4, we dSEU 3.5 level and six sessions show IDV at greater than@.5Ve
whether an overall relationship between rapid flux density atherefore conclude that the strong IDV of S4 09624, which
structural variability exists. was frequently observed before the year 2000, was not presen
during our observations. As an example we show in [Hig. 1 the
light curve in April 2006, which shows a weak IDV and the light
curve in August 2006, which does not show any significantvari
We carried out IDV observations of S4 094624 approximately ability.
once a month at 4.8 GHz from August 2005 to January 2010 To estimate the variability timescale from the six de-
with the Urumgqi 25 m radio telescope, in dual polarizatiothwi tected weak IDV light curves (null probability0.001 as de-
the central frequency of 4.8 GHz and bandwidth of 600 MHZfined above), we applied the structure functibfr) method
The typical system temperature is 24 K in clear weather, had {(Simonetti et al. 1985). In the first-order structure fuontithe
antenna sensitivity is0.12 K/Jy. shortest characteristic variability timescale is locaéthe first
The IDV observations were performed in cross-scans mogateau where the structure function saturates. A stradturc-
consisting of eight sub-scans in azimuth and elevation thesr tion D(7) that monotonically increases with time lag can be de-
source position. After initial calibration of the raw dathe in- scribed by a power law. The shortest variability timescakbén
tensity profile of each sub-scan was fitted with a Gaussiac-furdefined by the intersection of this power-law fit with a horizo
tion after subtracting a baseline; then the fitted scans exge tal line, which fits the plateau (see Marchili et al. 2012; etal.
aged in azimuth and elevation. After this, a correction &sid- 2012Db). In the present paper, for consistency we used theRic
ual pointing errors was made and the elevation and azimwhal. (1995, 2001) definition of IDV timescale, which is defin
scans were averaged together. In the next step an anterma gatihalf of theD(r) saturation level, i.ergs, in Table1l and in the
elevation correction was applied, including a correctiondir- Appendix. Since the plateau or saturation level sometimast
mass. The antenna gain-elevation correction was derived frwell defined for the weak IDV, the estimated timescale is only
frequent observations of secondary calibrators obseruedgl tentative for the Urumgi data in Taklé 1.
each observing run. These calibrators were then also used-to  The results derived from the 30 observing sessions of S4
rect the data for systematic time-dependdfeas. Finally, the 0917+624 are shown in Tablg 1, the columns are: (1) observ-
raw amplitudes were converted to the absolute flux densitbgusing epoch; (2) the duration of observation; (3) the number of
the average scale of the primary calibrators, e.g. 3C4888C2effective data points; (4) the mean flux density; (5) the rms flux
and NGC7027 (Baars et al. 1977; Ott et al. 1994). The duratidensity; (6) the modulation index of S4 0914624, (7) the
of each IDV monitoring session is about 3 days, with typicallmean modulation index of calibrators; (8) the relative aaility
one sample per hour for each target source (where a sample &arplitudeY; (9) the IDV timescale with Rickett et al. defini-
set of eight sub-scans), from Table 1. tion; (10) the reduced chi-square; (11) the null (non-\ailiig)

2. Urumgqi observations and data reduction
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Table 1. The results from the IDV observations of quasar S4 G324 with the Urumgi 25 m telescope at 4.8 GHz.
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1 2 3 4 5 6 7 8 9 10 11 12
Start day durr N <S> s Y Tos X2 Prui m/my
[d] [Jy] [yl  [%] [%] [%] [d]
2005Aug15 2.8 52 0.899 0.013 148 034 432 0.26 930 5.30E-74.4
2006 Apr28 39 71 1.069 0.014 133 045 376 024 218 4.4E-03.0
2006 Jun10 3.2 88 1.090 0.014 129 050 358 0.24 180 7.B2E-02.6
2006 Jul 14 40 9 1.083 0.014 1.29 0.60 342 - 151 1.11E-032 2.
2006 Aug19 22 66 1.082 0.009 0.81 045 2.02 - 1.06 3.58E-01 8 1.
2006 Sep23 4.9 141 1.093 0.010 0.96 045 254 - 1.30 9.46E-031 2
2006 Nov17 4.7 133 1.092 0.012 1.08 0.47 291 - 1.11  1.90E-01.3 2
2007Jan25 2.3 66 1.132 0.009 0.82 041 214 - 0.94 6.09E-010 2.
2007 Feb1l2 40 109 1145 0.014 118 041 332 024 160 8587E- 2.9
2007 Mar24 28 71 1.163 0.009 0.76 0.46 1.82 - 0.68 9.81E-01 7 1.
2007 Apr20 3.6 78 1.211 0.017 136 0.62 365 0.18 162 4.8DE-02.2
2007 Jun15 24 62 1.228 0.015 126 055 3.39 - 1.64 1.23E-033 2.
2007 Jul 19 29 72 1.267 0.017 136 055 372 0.16 192 5B®E-025
2007 Oct13 3.0 59 1261 0.007 059 034 142 - 0.48 1+@OE 1.7
2007 Dec21 3.2 76 1.285 0.009 0.71 032 191 - 0.67 9.89E-012 2.
2008 Feb25 29 59 1.313 0.016 1.19 0.59 3.09 - 150 7.88E-030 2.
2008 Mar22 3.0 80 1.324 0.014 1.03 0.36 2.90 - 1.40 1.10E-02 9 2.
2008 Apr22 3.1 74 1.347 0.012 0.87 047 219 - 0.87 7.85E-01 9 1.
2008 Jun21 35 59 1.405 0.011 0.76 046 1.84 - 0.86 7.75E-017 1.
2008 Jul 20 25 57 1.419 0.014 1.02 057 251 - 0.77 8.91E-01 8 1.
2008 Aug20 5.0 70 1442 0.015 1.06 0.60 2.63 - 1.30 4.98E-02 8 1.
2008 Sep13 34 88 1467 0.012 0.83 035 2.27 - 0.82 8.90E-014 2.
2008 Nov0O6 36 59 1450 0.017 1.18 0.60 3.06 - 0.94 6.11E-01 0 2.
2008 Dec22 2.3 61 1484 0.011 0.71 031 1.92 - 047 HOOE 2.3
2009 May 13 2.7 51 1530 0.021 139 0.58 3.80 - 1.63 3.40E-03 4 2.
2009 Jun25 26 53 1.510 0.020 132 0.57 3.55 - 1.71 1.15E-033 2.
2009 Sep22 55 135 1533 0.014 095 055 230 - 0.79 9.65E-01.7 1
2009 Oct09 23 61 1.528 0.012 0.78 0.38 2.06 - 058 9.96E-011 2.
2009 Nov22 38 78 1523 0.019 124 0.72 3.05 - 0.99 7.43E-01 7 1.
2010Jan19 35 70 1.521 0.015 1.00 0.57 245 - 0.80 8.90E-018 1.
2.2. Historical IDV characteristics of S4 0917+624
F ' ' 28 Apr 2006 ]
: ,T-J(TETPTT} IFWI% IJIIr TT. T I E
e T st 4 AT ]
S Hﬁﬁ éﬁz 1%%11 %iiﬂi ] In the Appendix we list the results of previous IDV obseroat
L . 2 . . : for S4 09174624 (1988-2004) taking from the literature. The to-
53854 53855 53856 53857 tal flux density, rms flux density, and the modulation index of
MiD IDV in S4 0917624 at~5 GHz, together with the Urumgi data
: : : from August 2005 to January 2010, are shown in[Hig. 2. It is ob-
] et vious that after the year 2000, the IDV of S4 09524 is very
mﬁf E%I{I}E{}Eﬁj%;fE}TT;IH%EE{ET{ weak or has ceased. Using the IDV data before 2000 (shown

in the Appendix) we obtain the following results: the totaixfl
density shows no correlation with the modulation index;rthe
flux density shows a correlation with the modulation indend a
the IDV timescale shows no correlation with either the tital
density or the modulation index. The total flux density frdra t

Fig.1. Upper panel: the weak IDV detected in the session §ffumai observations shows a monotonous increase over$he 4.
April 2006; lower panel: non-IDV detected in the session oféars, and during this time the IDV of S4 094624 has been
August 2006, see the definition of IDV identification in thette Mostly quenched. We confirm the lack of strong IDV after the

probability; (12) the ratio of the modulation index to theame

modulation index of calibrators.

year 2000. We note, however, that some weak IDV is present
in six epochs of the Urumgi observations (Table 1) and may
also be in some epochs during 2003-2004 in tffeleberg data
(Bernhart 2010, see the Appendix). Before the year 2000 (see
Fig.[2 and the Appendix), the source frequently showed gtron
IDV, but we note that times exist during which the IDV was also
weak (e.g. in April 1993 and in September 1998). This implies
some intermittency of the IDV of S4 0914624 also appeared
before the year 2000.
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Fig. 2. Upper panel: the total flux density of S4 094624 at~5
GHz in the IDV observations; middle panel: the rms flux den- ! !

sity at~5 GHz; lower panel: the IDV modulation index ab 0 -5

GHz versus time, the error anis the mean modulation index Relative R. A. {mas)

of calibrators. Urumgi data from August 2005 to January 2010

are shown to the r|ght of the vertical line. Flg 3. The VLBA map of S4 0917624 at 15 GHz observed on

17 July 2008. the contours are the peak 0.8bdgm times: -
0.05,0.05,0.1,0.2,0.4,0.8, 1.6, 3.2, 6.4, 12.8, 25.&, Bh);

3. Long-term VLBI structure changes of S4 the beam FWHM: 0.664 0.632 mas with the major axis at
0917+624 21.7°.

The radio image of S4 09%624 appears point-like on kpc L s s e B B B

scales, and VLBI images at 5 GHz reveal a one-sided core-jet ' f Inner jets of 0917+624 cs 1

structure (Standke et al. 1996; Gabuzda et al. 2000). A compa ,,| at15GHz ]

ison between the IDV strength and structural changes oéderv
with VLBI may help to explain and understand the substalgtial

reduced IDV amplitudes after the year 2000. The IDV of S4 g
0917624 was mainly observed at 5 GHz in the past, unfortu- ; 0.8

10 C8 4

re (mas)

T

nately the source was not regularly monitored with VLBl at 5 £ 1z

GHz. However, the source has been monitored with the VLBA § g0 eco |
at 15 GHz since 1995 (MOJAVE program, see Lister et al. 2009).E 04 i c13 — ]
The 15 GHz VLBI data have a higher angular resolution than atg . ]
5 GHz, and are suitable for the study of the structural ei@hut 02} . Cl4 — 4

of the compact components in S4 09624. » ]
We downloaded the calibrated data (January 1995 to 00 o —— "  —  or 2006 2008 2010 2012

November 2010) of S4 09%624 at 15 GHz from the MOJAVE Epoch (Year)

database and fitted the source structure using Gaussiaroeomp

nents within the DIFMAP package. Figure 3 shows an exam#gg. 4. The separation of the model-fitted components relative to

of a VLBA image at 15 GHz. The jet features were fitted withhe core component against time. The solid lines are thaidine

several circular Gaussian components, with the VLBI coi@) (Cfittings. We note that the identifications of components CI2,C

registered at the southernend of the jet-like brightnessibu- C13, and C14 are only tentative.

tion. Each data set was model-fitted several times to obtain a

better error estimation. The typical errors at&% for flux den-

sity and~0.05 mas for angular size and position of the fittetesults in approximate ejection epochs around 1986.1,.8992

VLBI components, respectively. For their cross-identiimain  1995.8, 1997.2, 2004.2, and 2001.8. In Tdlle 2 we summarize

the maps obtained atftiérent epochs, we used the VLBI corghe kinematical parameters of the jet components at 15 Gétz. F

as the reference point and assumed that it is stationarjyn Wihe determination of the apparent speeds, we ad@RM stan-

this method we identify the jet components affelient epochs dard cosmology, with the following parametey = 71 kms?t

through their distances from the VLBI core, their flux deiesit Mpc™, Qy = 0.27, andQ, = 0.73. Taking into account the

sizes, and relative position angles. The resulting ideatifon is opacity éfect (Sokolovsky et al. 2011; Pushkarev et al. 2012),

similar to that described in Lister et al. (2013). we note that the ejection time of a jet component may be de-
In Fig.[4, we show the proper motion of the jet componentayed at 5 GHz when compared to that at 15 GHz. Furthermore,

with respect to the stationary assumed VLBI core componeittis found that there are helical jet trajectories from thiedr to

The back-extrapolation of the motions of the jet compon€3ts outer jets, but the inner jets can be fitted quasi-linearr{Bart

C4, C5, C6, C8, and C9 to zero-separation from the VLBI co2010).
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Table 2. The fitted Gaussian components and derived propertigith the proper motion listed in Tablg 2 we estimate the time

from the VLBA images at 15 GHz. delay for the components C5, C6, C8, and C9 are 0£0.2,
1.7+0.4, 1.10.1, and 3.%1.5 years, respectively, between 15
and 5 GHz.
1 2 3 4 5 6 The ratio ;) of the flux density of VLBI component to
ID N To Bapp <Sc> < Size> source total flux density shows that the 15 GHz VLBI core has
[c] [Jy] [mas] flux ratios off. ~28%-88%, and nearly half of the inner-jet com-
co 22 0.507 0.10 ponents within 1 mas from the core hafie> 25%. In Fig[5b
ClL 13 11.83.3 0.016 3.32 the flux ratios for the VLBI core and inner-jet componentdwit
C2 22 -0.20.3  0.024 131 fo > 25% are plotted. We note that the flux ratio of the VLBI
C3 21 198.1 1041.0 0.015 0.87 core is generally higher after the year 2000.
Cc4 17 19923 8810  0.024 0.74 In Fig.[Bc, the angular sizes of the VLBI core and main inner-

C5 11 1998 8405  0.089 0.36 jet components versus time are illustrated. The angularisiz

gg g 19972 6.80.7 8'323 8'1@ defined as the FWHM of the_fitted circular _Gaussian (in_ some
c8 7 20042 10205 0.387 0.22 epochs the core was better fitted by an elliptical Gauss@n, f
C9 10 20018 3709 0.256 0.18 which we use the geometrical mean of the major and minor
clmo 1 0.004 0.76 FWHM). Figure[Bc shows that the core size significantly in-
ci1 3 0.030 0.14 creased in 2002-2003, but before and after this period the co
C12 3 0.378 0.25 sizes were similarly low. The sizes of the inner-jet compuge
Cl3 2 0.304 0.06 have increased since 2007 as a result of the expansion ofoczomp
Ci4 1 0.403 013 nents C8 and C9. The increased size of the VLBI core in 2002-

2003 may have led to a partially quenched IDV of S4 003Z4.
Notes. Columns are as follows: (1) component number (CO denotes th@wever, the sizes of the VLBI core and inner-jet components
core); (2) the number of epochs with which the componentertified; are relatively small in 2005-2006 and comparable to thatrigef
(3) the ejection time of component; (4) the apparent trarsgveelocity; year 2000, and no strong IDV has been observed during this pe-
(5) the mean flux density of component; (6) the mean size ofpoem riod. It is also helpful to fit the broad ‘core region’ (see Hd)
nent. with a single elliptical Gaussian model rather than with tiple
components; the resulting size evolution in [Eip. 5d is simib
the trend seen for the inner-jet components.
In our model-fittings of S4 094#624, 14 components are
registered as listed in Talllé 2, the core and inner-jet corapts . .
are mostly within 1 mas scale. We note that for some compd- DIScussion

nents (C7, C10, C11, C12, C13, C14) the identification remaifhe VVLBI images of S4 0917624 at 5 GHz show a60-70% of
tentative because of the lack of data. The other componenal flux density in the core regior:(1 mas) at 5 GHz (Standke
however, are well traced by their systematic proper motidhe et al. 1996; Gabuzda et al. 2000). The core region is resolved
component C14 may be related to C5 or C7. The VLBI compéhto a 15 GHz core and inner jets (see FFig. 3), with a lower core
nents that mightfiect the IDV behavior of the source should bgraction (Fig.[Bb) at 15 GHz than that 660-70% at 5 GHz.
strong and compact (e.g. see Lee et al. 2008). Thereforelumly Rickett et al. (1995) made a detailed and sophisticated/sisal
core and compact inner-jet components will contribute &Ibs of S4 0917%624 during its phase of large-amplitude IDV. The
tially to the oyerall scintilllation pattern of the sourca.the fol-  results of the detailed modeling with the refractive ISSS8)
lowing, we will not consider the dius¢weak components C1, py Rickett et al. (1995) show that the scintillating compane
C2, C3, C4, C10, C11 (with mean flux0.05 Jy in Tablé€R) and of S4 0914624 at 5 GHz has an angular size ©f70 uas
component C7 (which is quite weak and not well identified). with flux fraction of ~ 44%, under the brightness temperature
The components C5 and C6 were ejected in 1995.8 apfl~ 6 x 10'2K. Assuming the scintillating component resides in
1997.2 respectively at 15 GHz, and both are quite strong in flthe VLBI core, for the modulation indemy of the scintillating
density. An emerging component can lead to an expansionc@mponent with the flux fractiofy, and the modulation index of
the apparent core size, at a time when it is not yet well seftal flux densitym, we have
arated from the core. An increased ‘core size’ could redhee t
IDV amplitude (Walker 1998; Krichbaum et al. 2002). The weak = fomg(6,/6s)"/®, (4)
IDV in September 1998 might be due to component C5 being
ejected in 1995.8, if C5 was still blending with the core at 5 whereé; is the angular size of refractive scattering disk and
GHz. Afterwards from September 2000 to 2001, the IDV of S4; is the size of scintillating source component (see e.g. &tick
0917624 ceased completely (Fuhrmann et al. 2002; Krausedtal. 1995; Walker 1998).
al. 2003), which might have been caused by C6 being ejected For a point source (i.e9s = 6;), by taking the valuen ~
in 1997.2. The components C9 and C8 were ejected in 2005.8% in the episode strong IDV phase before the year 2000 (in
and 2004.2, both are strong in flux density. The component @& Appendix) ands = 44%, we havens ~ 13%. This is much
exhibits a higher apparent velocity 8fp, = (10.2 + 0.5)cthan lower than the value afn, ~ 50% for a point source estimated
component C9 0B,y = (3.7 + 0.9)c. The components C9 andby Rickett et al. (1995), implying that the scintillatingropo-
C8 might have partially reduced the IDV of S4 09624 after nent of S4 091¥624 is not a point source, i.e. the size of the
2003. Pushkarev et al. (2012) estimated the VLBA core shiftsattering disk is< 7Quas of the scintillating component. Such
between 15.4 GHz and 8.1, 8.4, 12.1 GHz for the MOJAVE&mall angular size was not resolved in the 5 GHz VLBI obser-
sources. With their result for S4 0946824 and the relation of vations (Standke et al. 1996; Gabuzda et al. 2000), but fham t
core shift versus frequency « v~! (see Pushkarev et al. 2012) deconvolved core size in the model fitting on the 15 GHz VLBA
the core shift between 15 and 5 GHz can be estimated, and tdata, a higher resolution ef 10Quas at 15 GHz was estimated
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~ XX X ]
» X X X
2006F i 1)
“ L X X
p 003 1 « X X w VLBA core of S4 0914624 on 9 August 2006 showed very flat
0 S X‘XX‘X‘WW L spectral index (0.04) as well as three inner jet9(5 mas from
bF 05 1t 1 the core) with flat spectral indicés| < 0.1. This flat spectrum
~ 4L . . I it 10 core would be able to scintillate, but no IDV has been foundfr
$re : i ion i
L0 1 1 the Urumgi observation in August 2006 (see Table 1).
£ di i 1 : oy A The position angle changes of source components may also
N N I R B N B &? T T affect the scintillation (Liu et al. 2012b). We find that the posi
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 tion angles (PA) of the 15 GHz VLBI core and inner jets changed
Epoch (YVear a few degrees to the west after the year 2000 (Big. 6), and this

could induce an apparently larger core size in projectidnis T

Fig. 5. From top to bottom: (a) the total flux density at 14.5 GHgffect may be significant if the scintillating component is ex-
(from the UMRAO database) and at 4.8 GHz (from the UMRAdfemely anisotropic. In January 2010, the PA of the 15 GHz
and the IDV observations); (b) the flux ratié.) of the VLBA VLBI core returned back te- -46°, but no strong IDV was de-
core or inner-jet component to total flux density of S4 09624; tected, suggesting that the quenchifiget due to the small PA
(c) angular size of the VLBA core or inner-jet components &hanges is not significant for this source.

15 GHz; (d) size of the broad ‘core region’ fitted with a single The intra-day flux variations of S4 091824 showed no

Gaussian model; (e) the rms flux density at 5 GHz versus tinféhe delay from diferent radio bands (Rickett etal. 1995). Long-
(f) the IDV modulation index at 5 GHz versus time. term variations of AGN have shown time delays of a few tens of

days between étierent radio bands (Fuhrmann et al. 2014). With
the radio light curves of S4 094624 at 4.8 GHz and 14.5 GHz

) i i i from the UMRAO data, as well as the data from the 5 GHz IDV
in some epochs (Fid] 5c) for S4 094624. It is possible that gpservations in Tablg 1 and the Appendix (see Fig. 5a), we es-
changes in a very high brightness (0Quas) component em- {imated an upper limit ok 1 year for the time delay between
bedded in the core region could be related to changes in e Ighe 15 and 5 GHz with the cross correlation analysis. Thigupp
Such high radio brightness of AGN cores has been reported;fgit is close to but lower than that from the core shift esition
be significantly above the known inverse-Compton limit ie thj, the previous section. And we should note that both the VLBA
Radioastron space VLBI observations (Kovalev 2014). data at 15 GHz and the IDV data at 5 GHz are relatively sparse

Liu etal. (2013b) noted that the spectral index between 5 aged do not exactly match each other in time. This might preven
15 GHz (defined a$ « v*™*) became slightly steeper, being inys from detailed comparison of the VLBI structure changeb an
the range -0.1 to 0.2 before the year 2000, and -0.3 to -0.1 @e IDV evolution; for instance, there are no IDV data arothe
ter 2000. This may have been caused by the new jet componatBA observations during 1995.0-1997.5. After the year @00
C6, C8, and C9 evolved after 2000. The jets usually have steeRowever, it is evident that the IDV characteristics in Fig.ghd
spectral indices. In Fi§l 5b, the core fraction at 15 GHzeased Fig.[5f have no correlation with the VLBI structural changes
after the year 2000, implying that the 15 GHz VLBI core mayig.[5b to Fig[d, although there are weak IDV in three epochs
blend with inner-jet components that were not resolved #ith from August 2005 to June 2006 (see TdHle 1) when the 15 GHz
15 GHz VLBI yet. The VLBI core size can be enlarged owing/| BA core size is relatively small (see Fig. 5¢ and also the im
to the unresolved inner jet, and could partially quench D | ages in the MOJAVE webpae
of S4 0917%624, e.g. for the VLBI core size increased in 2002- The disappearance of Strong IDV in S4 09624 after the
2003 (Fig.[5c). However in 2005-2006 the VLBI core size i§ear 2000 cannot be fully explained with the quenching mech-
comparable to that before 2000, and it iffidult to explain why anism via changes of core size in the source, as discussed

there was no strong IDV in this period. Hovatta et al. (2004) i ahove. Bernhart et al. (2006) studied the VLBI kinematics of
vestigated the spectral indices of the MOJAVE sources obser

at 8.1, 8.4, 12.1, and 15.4 GHz with the VLBA, in which the * www.physics.purdue.edastrgMOJIAVE/sourcepages
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Appendix A: Collected historical IDV results of S4 0917+624 at ~5 GHz.

1 2 3 4 5 6 7 8 9 10 11
Date durr N <S> s m mo Y  1os(type) x? ref
[d] [Jy] [Jy] [%] [%] [%] [d]

1988 Apr 03 4.4 0.71 0.025 3.5 022.10 1
1988 Jun 17 4.6 1.25 0.068 54 03815 1
1988 Dec 30 6.1 1.44 0.086 5.9 04812 1
1989 May 06 5.3 1.45 0.060 4.2 043.05 1
1989 Dec?26 5.9 1.50 0.083 5.6 048210 1
1990 Feb 11 25.1 1.46 0.049 34 0£0702 1
1991 Dec31 6.9 1.19 0.030 2.5 02014 1
1993 Apr 12 2.3 1.52 0.018 1.2 >0.13 1
1993 Jun 19 2.6 1.59 0.050 3.2 >0.15 1
1997 Dec 06 2.7 1.42 0.069 49 >0.55 1
1997 Dec?28 5.4 1.45 0.074 51 02814 1
1998 Sep19 5.0 1.51 >0.029 >1.9 >1.33 1
1999 Feb 09 2.2 1.53 0.089 5.8 >0.37 1
1989 Dec 22 6 111 1.50 54 05 16.2 Il 104.0 2
1991 Dec 27 7 62 1.19 2.7 0.6 7.7 Il 20.4 2
1993 Apr 10 3 196 1.52 1.4 0.4 4.2 | 9.9 2
1993 Jun 18 2 186 1.59 3.3 0.5 9.7 I 42.8 2
1997 Dec 05 3 44 1.42 3.9 0.4 11.7 Il 99.4 2
1997 Dec 25 6 43 1.45 5.2 0.5 154 Il 123.6 2
1998 Sep 17 5 91 1.51 1.8 0.6 51 | 11.7 2
1999 Feb 08 6 18 1.54 5.0 0.7 14.9 I 54.8 2
2000 Sep 16 1.513 0.006 0.4 3
2000 Dec 17 1.470 0.013 0.9 3
2001 Mar 24 57 1.419 0.012 0.87 0.20 2.53 2.803 4
2001 May 04 65 1.383 0.007 0.47 0.20 1.29 3.598 4
2001 Aug 03 138 1.438 0.007 0.51 020 1.41 4,108 4
2001 Oct 20 82 1.416 0.006 043 020 1.14 3.689 4
2001 Dec 26 38 1.440 0.005 0.38 0.15 1.04 3.220 4
2002 Apr 12 15 1.315 0.011 0.79 0.30 2.23 7.674 4
2003 Nov 14 47 0.884 0.008 1.14 0.22 3.37 17.508 4
2004 Jul 16 46 0.801 0.007 0.90 0.21 2.64 12.471 4
2004 Aug 12 112 0.791 0.005 0.68 0.21 1.93 6.652 4
2004 Dec 19 32 0.769 0.004 053 0.15 1.52 5.984 4

Notes. Columns are as follows: (1) observing epoch, (2) the dunatfoobservation, (3) thefiective number of data points, (4) and (5) the mean
flux density and the rms flux density, (6) the modulation ind@xthe mean modulation index of calibrators, (8) the retatariability amplitude

of IDV, (9) the characteristic timescale in days (varidhitypes: type Il means an IDV timescate2 days while type | means an IDV timescale

2 days), (10) the reduced chi-square, (11) the referend®Ekett et al. (2001), 2 Kraus et al. (2003), 3 Fuhrmann €P&i02), 4 Bernhart (2010).



