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Abstract. We observed the quasar 0917+624 at three epochs Standke et al. (1996) investigated 0917+624 with VLBI
at a wavelength of 6. cm in order to study its short-timescadad found a compact core and a curved jet which extends to
variability. In December 1997 and February 1999, the sournerthwest. Within the jet, superluminal motions with velocitie
showed its usual characteristics: variations on a 10-15 % lewélp to 3,,, ~ 8 were discovered.
have been found on timescales 1.5days. In contrast, in In this paper we present the results from three observi
September 1998 the source exhibited a monotonic increaseafpaigns (epochs 1997.98, 1998.71, 1999.10) aimed at st
about 7 % during a five-day-observing campaign. Assuming Bny short-timescale variations in 0917+624)at= 6cm. In
intrinsic origin of the variations, this corresponds to a changentrast to the earlier results (as described above), we obser
in brightness temperature of at least two orders of magnitudaly a moderate (amplitude of about 7 %) monotonic increa
We discuss shortly several mechanisms which may cause doeing a five-day-observing campaign in September 1998. D
observed change of the variability properties of 0917+624. ing a recent observation in February 1999, the source app

to have returned to its “usual” (stronger) variability state. Her
Key words: galaxies: active — galaxies: quasars: individualve discuss in detail this change in the variability properties
0917+624 — radio continuum: galaxies 0917+624.

2. Observations and data reduction

We observed 0917+624 with the 100m telescope of the MPIfR
Effelsberg in December 1997 (25-31), in September 1998 (1
Aremarkable property of the quasar 0917+624 is its pronounczg), and in February 1999 (8—14), during observing campaig
radio variability on short timescales (Intraday Variability, IDVperformed in order to search for IDV in flat-spectrum blazar
e.g. Heeschen et al. 1987). This source was studied during $8&cause all measured sources were point-like and modera
eral observations, in which it always showed amplitude varigtrong £ 0.5Jy) at the observed frequencies, we were ab
tions on a 10-15 % level. Usually, these variations are quagi-perform the measurements with cross-scans (Quirrenbac
periodic, with typical timescales in the range of 0.8—-1.5days$. 1992, Kraus 1997).
(e.g. Quirrenbach et al. 1992, Kraus 1997, Kraus et al. 1999). We applied the data analysis procedure for reducing the |
Furthermore, fast variability is also observed in the linearybservations at the 100m telescope which was described
polarized flux density and the polarization angle, mostly witQuirrenbach et al. (1992) and Kraus (1997). Suitable second
larger fractional amplitudes, reaching a factor of 2 in the polagalibrators (which do not show any IDV) were observed as fr
ized flux density. For the polarization angle, once a°18@ing quently as the program sources in order to correct for syste
was observed (Quirrenbach et al. 1989). atic elevation- and time-dependent effects. We linked our o

Assuming anintrinsic origin of IDV, the fast variations implyservations to the absolute flux density scale (Baars et al. 19
brightness temperatures of upw?! K (e.g. Romeroetal. 1994, Ott et al. 1994) by observing the sources 3C 286, 3C 48, a
Wagner & Witzel 1995, Kedziora-Chudczer et al. 1997, QUINGC 7027. The resulting measurement errors consist of the
renbach et al. 1999). This fact represents a severe violatiortisfical errors from the reduction process and a contribution fro
the inverse Compton limit 0f0'2 K (Kellermann & Pauliny- uncertainties in the secondary calibrator measurements. Th
Toth 1969), and challenges the existing models of AGN vagulting errors lie in the range of 0.5—1 %.
ability. Since the observed signal is split into the left- and righ
circular polarization part, and fed into a polarimeter, we we
Send offprint requests 1é. Kraus (akraus@mpifr-bonn.mpg.de)  also able to measure the linearly polarized emission of t
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Fig. 1. Flux density and linear polarization variability in the quasar 0917+624 at 6 cm in December 1997, September 1998, and February 19
(left to right). From top to bottom we plot the total flux densitythe polarized flux density? and the polarization angle against time (given

in days from the beginning of the observation). At the end of the observation in December 1997 we were not able to achieve polarization d:
due to technical problems.

sources (Stokes-parameters Q and U). In addition to the analysisle 1. Mean results for the three epochs.
described above, we corrected the instrumental effects (e.g. par-

allactic rotation, instrumental polarization, etc.) using a matriate (1 [Iy] (P) [mJy] 0[]
method introduced by Turlo et al. (1985). The measuremeidc 1997 1.45-0.08 31+ 10 37.24+ 6.8
errors usually are in the range of 3-5 % for the polarized flgep 1998 1.5%0.03 36+ 3 56.9+2.3
density, and within 2-5for the polarization angle. Feb 1999 1.54-0.08 35+ 5 55.74+3.6

3. Results although they look somewhat stochastic, especially in linear
The lightcurves for 0917+624 & — Gcm are plotted in po!e'lriz'ation. This may indicate the presence of even faster vari-
Fig.[l. The change of the variability properties between the th/@@llity in the source. _

epochs is evident. In December 1997, the source shows quasi-t¢an be seenfrom Figl 1 and Table 1 that neither the average
periodic variability on a timescaleof about 1 day with ampli- of the total intensity nor the mean of_thg polarlzed intensity un-
tudes of 15-20% in the total intensity, of more than 100 % ffrwent large changes among the individual epochs. Only the
the polarized intensity, and of about2@ the polarization an- @verage polarization angle rotated by about Bétween De-

gle (neglecting the data point at day 4.3, although there is feMPer 1997 and September 1998. In addition, we find from our
evidence that it is spurious). In contrast to this, in Septemdépx density monitoring (at cm-wavelengths) that the spectrum
1998, a steady increase over five days was seen in the total fi917+624 did not change significantly between the observing
density, with an amplitude of7 %. The polarized flux density C@MpPaigns. o ,

and the polarization angle show some additional variations, but 10 compare the strength of the variability, we determined
the amplitudes are clearly smaller than in December 1997.1}§ ‘modulation index’n = 100 x o/ (5) [%], and the “vari-

February 1999, the variations are again significantly strong@Pility amplitude™” = 3 x /m? — mg [%], whereos is the
rms flux density variation, angh, is the modulation index of

! As “timescale”, we denote here the time between a maximum a@dnon-variable source (cf. Heeschen et al. 1987). Assuming
a minimum (or vice versa) of a lightcurve. an intrinsic origin of the variations, the brightness tempera-
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Structure Functions of 0917+624 Table 2. Modulation indicesn, variability amplitudes’, timescales,

Decermnber 1997 and brightness temperatur€s for the three epochs.

0.1000

Date m[%] Y [%] At[days] Tz K]

0.0100 < Dec1997 5.2 15.4 0.9 3 x 10'8
B g 1 Sep1998 1.8 51 >5.0 <3x10'
o 2 1 Feb 1999 5.1 15.1 1.3 1x 10'®

0.0010

0.0001

. In Fig[2, we plot the structure functiod®(r) = < ( S(t)—
7 [doys] S(t+7))? > (e.g., Simonetti et al. 1985) of the total flux den
Septernber 1998 sity for all 3 epochs. It can be seen clearly that the strength of t
‘ variability (given by the value aP) on timescales < 3.5 days
is smaller in September 1998 than at the other two epochs. Ad
tionally, no typical timescales (which should cause a maximu
of D) are seenin September 1998 (exceptat 5.0 days which
is the duration of the campaign), while the structure functio
from both other epochs show clear maximarate 0.9 days
(December 1997), and~ 1.3 days (February 1999).

o

0.1000

0.0100

D [Jy]

0.0010

0.0001 L
0.1 1.0
7 [days]

February 1999

4. Discussion

0.1000

The observations presented above suggest strongly that
variability characteristics of 0917+624 underwent significa
changes between December 1997 and February 1999, co
sponding to a change in the brightness temperature by two
ders of magnitude. We note, that the BL Lac object 0716+7
showed a similar behavior during a three-week observation
February 1990, when a transition from fast to slow variatio
o1 o occurred within a few days (Quirrenbach et al. 1991, Quirre

7 [doys] bach et al. 1999). Kedziora-Chudczer et al. (1997) also repor

Fig. 2. From top to bottom we plotted the structure functidhef the ©ON the disappearance of very fast variability in the quasar P
total flux density from December 1997, September 1998, and Febru@405-385. Recently, this source exhibited fast variability agai
1999 against the timelag The structure functions are derived in two(Kedziora-Chudczer et al. 1998).
directions, starting at the beginning and at the end of the lightcurves, to In general, there are two different categories of models
avoid artificials caused by the sampling. Note that the structure furexplain IDV, depending on the origin of the variability (Wagne
tions become less well-defined for a time lag larger than half of tige\witzel 1995). In the case of an extrinsic origin of IDV, the siz
total length of the campaign. of the emitting region is the most important parameter for t
determination of the strength of the variability. Interstellar sci
tillations (e.g., Rickett et al. 1995) or gravitational microlensin
ture T3 can be derived following Wagner & Witzel (1995):(€.9., Schneider & Weiss 1987) both require small source si
2 . . . for producing fast variations. In other words, the sudden “sto
Tp = 4.5 x 1017 x § (A?(?iz)> With T in K, S'in Jy, of tr?e fast ar?d strong quasi-periodic variability can be a hint f
the observing wavelengthin cm, the luminosity distanBeD;  an increased size of the emitting region. (According to Wa
in Mpc, and the variability timescalat in days. ner & Witzel 1995, gravitational microlensing is unlikely to b
The values ofn, Y, andT} for all three epochs are listedthe sole cause of IDV.) In that context, one might think abo
in Table2, showing that the variability was stronger by a factgfie following scenario: the usual variations are caused by i
of 3 in December 1997 and February 1999. This correspongsstellar scattering enabled by the small size of the core of t
to a difference of the brightness temperatures by two ordefsurce. During the formation of a new jet component, the si
of magnitude, between these two epochs and the observatipthe core increases, and the variations are becoming sm
in September 1998. However, even the slower variations (@\/entua"y, they even may vanish completely). Following th
September 1998 would lead to a significant violation of thermalism of Rickett et al. (1995), the modulation index of
inverse Compton limit. source with sizé can be described as
mo
2 For 0917+624 £ = 1.446) the luminosity distance i, = Ms = ; (1)
5289 Mpc (usingHy = 100 km/(s Mpc) andyo = 0.5). 1+4 ((9/9mt)2

0.0100

D [4y7]

0.0010




o
LUl
—
-
L
-l

L110 A. Kraus et al.: A change in the variability properties of the intraday variable quasar 0917+624

wheref,..; is the scattering angle and, is the modulation variations, the observed total variability (i.e., the addition of

index for a point source. Hence,df= 26,.,, the modulation both flux densities) might be very small. To explain the different

index decreases by a facter /17. After the ejection of the behavior observed, a change in the variability characteristics in
new component the core’s size gets smaller again, and the vatileast one of the two components must take place.

ations re-appear. If this scenario is realized in 0917+624, VLBl Subsequent studies of the variability properties and
monitoring should show a new jet feature, which should have aapporting VLBI observations of 0917+624 are needed for
extrapolated “birth-date” close to September 1998. The emdrawing more detailed conclusions. Monitoring closely the

gence of the new component should be accompanied by a signsition between the “rapid” and the “slow” phase of the

nificant rise of the flux density in the mm-radio-regime, and sulariations may provide a unique opportunity to gain insight in

sequently also at cm-wavelengths (e.g. Marscher & Gear 198% enigma of the rapid flux density variability.

Zensus 1997). However, such a rise is not visible in our moni-

toring data until mid-1999.

Changes of the variability properties could also be CauségfnowledgementsNe thank the §taff at the 100m telescope for
by variations occurring in the the interstellar medium (e.g. vaffeir efforts to support our observations, the referee, D.L. Jauncey for
ations of the particle density). Cordes et al. (1984) show that ffiable comments, and S.J. Qian and A.R. Patnaik for stimulating
scattering anglés..; < (L (C2))%-6 (whereL is the effective discussions.
path length andC?) the “level of turbulence” which is directly
related to the electron density, e.g. Cordes et al. 1985). Hence,

a decrease of the particle density (occurring on timescalesRgferences

weeks to months) corresponds to a decrease of the scatteringaiss . w.m., Genzel R., Pauliny-Toth LK., Witzel A., 1977, AGA
gle and therefore of the modulation index (cf. Efj. 1). Similarly, 61, 99

Fiedler et al. (1994) suggest that such changes of the ISM gigndford R.D., Konigl A., 1979, ApJ 232, 34

responsible for flux variations of compact extragalactic sourcesrdes J.M., Ananthakrishnan S., Dennison B., 1984, Nature 309, 689
on timescales of a few months (“extreme-scattering-events”Cordes J.M., Weisberg J.M., Boriakoff V., 1985, ApJ 288, 221

In the case of a purely intrinsic origin, the situation might beiedler R., Dennison B., Johnston K.J., et al., 1994, ApJ 430, 581
more Compncated_ In the framework of a Shock-in-jet_mod&hisemni G., Padovani P., Celotti A., Maraschi L., 1993, ApJ 407, 65
the observed behavior would require a certain change of {geschen D.S., Krichbaum T.P., Schalinski C.J., Witzel A., 1987, AJ

physical conditions in the jet (i.e., the velocity of a jet compo- dgf" 14gﬁ q LL. 3 D.L. Wieri M.H. et al.. 1997
nent, the angle to the line of sight, or the particledensitywithme :;;a;l-go unger - Jauncey D.L., Wieninga M.H., et al. '

the jet). Qian et al. (1996) explain the quasi-periodic VariabiliWedziora-Chudczer L.L., Jauncey D.L., Tzioumis A.K,, et al., 1998,
observed in 0917+624 by the variation of the Lorentz-factorofa oy circular 7066

thin shock which travels through a jet with periodically varyingeliermann K.I., Pauliny-Toth I.I.K., 1969, ApJ 155, L71
boundaries (alSO Qian etal.,in preparation). In the framewaokkaus A., 1997, Ph.D. thesis, University of Bonn, Germany
of this model an increasing shock thickness could lead to tkeaus A., Krichbaum T.P., Witzel A., 1999. In: Takalo L., Silla#oA.
disappearance of the intraday variability (Qian 1993). In that (eds.), BL Lac phenomenon, ASP conference series 159, p. 49
case, only a monotonic increase of the absolute flux density {@'scher A.P., Gear W.K., 1985, ApJ 298, 114
seenin September 1998) m|ght remain. Ott M., Witzel A., Quirrenbach A., et aI., 1994, A&A 284, 331

The apparent brightness temperature derived above mus@ﬁg‘ S_.J., 1993, Acta Astrop. Sin. 13/4, 314. English abstractin: 1994,
corrected for relativistic effects (e.g. Blandford &HKigl 1979) . Chin. Astron. Astrop. 18/1, 124 .
to get the intrinsic brightness temperatui%‘“ _ Tgbs/ag Qian S.J., Witzel A., Kraus A., et al., 1996. In: Hardee P., Bridle A.,

. . . . Zensus J.A. (eds.), Energy Transportin Radio Galaxies & Quasars.
(with 6 being the Doppler factor). In comparison, in the model ASP conference series 100, p. 55

Pf Qian etal. (1996) even a factét .has to be applied. Henceruirrenbach A., Witzel A,, Qian S.J., et al., 1989, A&A 226, L1

in order to reconcile the observations of December 1997 agirrenbach A., Witzel A., Wagner S.J., et al., 1991, ApJ 372, L71
February 1999 with the inverse Compton limit, Doppler factotuirrenbach A., Witzel A., Krichbaum T.P., et al., 1992, A&A 258,
of the order of 100 (“standard” model) or 15 (model of Qian 279

et al. 1996) are needed. With,, ~ 8 (Standke et al. 1996) Quirrenbach A., Kraus A., Witzel A, et al., 1999, A&AS, submitted
the corresponding angles to the line of sight (cf. Ghisellini &ickett B.J., Quirrenbach A., Wegner R., et al., 1995, A&A 293, 479
al. 1993) ar@°1 and2°9, respectively. Taking into account thatkomero G.E., Combi J.A., Colomb F.R., 1994, A&A 288, 731

the values fol'3> and,,,,, are typical for a significant numberSchneider P., Weiss A., 1987, A&A 171, 49

: i tti J.H., Cordes J.M., Heeschen D.S., 1985, ApJ 296, 46
of compact flat-spectrum radio sources, these angles seem tg'ﬁg’ne » » hee : ’ ’
uncomfortably small (at least for the “standard” model). tandke K.J., Quirrenbach A., Krichbaum T.P., et al., 1996, A&A 306,

In an alternative approach, the observed changes can{ig, 7 qert T, Sieber W., Wilson W., 1985, AGA 142, 181
explained by the superposition of two differently variable COMpyagner S.J., Witzel A., 1995, ARAA 33, 163
ponents. If these components have anti-correlated flux densibgsus J.A., 1997, ARA&A 35, 607
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