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Abstract. We present results of a microvariability polarization study in the violently variable quasar 3C279. We have resolved
the polarization curves in the band for this object down to timescales of minutes. We found two main components in the
evolution of the degree of linear polarization, one consisting of a flicker with timescales of several tens of minutes and other
component with far more significant variations on timescales of a few days. The linear polarization descendeti7ffom

down to ~8% in three nights. The polarization angle underwent a sudden change of more that 10 degrees in a few hours,
perhaps indicating the injection of a new shock in the jet. The amplitude of the intranight flickering in the degree of polarization
is at the level 0f~1%. These are probably the best sampled polarization data ever obtained for this object. We also performed
IR observations and we provide a follow-up of the evolution of this source at such energies after the main polarization outburst.
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1. Introduction this source. In this paper we present, for the first time, optical
. olarization curves with high temporal resolution for 3C 279.
The blazar 3C 279(= 0.538) is a strong source across the e'5/)'\/e have found strong variations on timescales of days super-

tire electromagnetic spectrum and one of the best studied eXH@éed on a smaller amplitude flickering of both the modulus
galactic objects. Simultaneous multiwavelength observatio

; diot M hi et al. 1994 Hart ¥d the angle of th&/-band radiation polarization vector. We
rfrr: rigégoa 0 aamma-ray? (T'g' arajptl_g ?' d | af[r :jn 0 present new IR observations of this blazar that shed light
et al. ) show a spectral energy distribution dominate ﬁthe overall behaviour of the source on longer timescales.
two non-thermal contributions interpreted as synchrotron an . ,
) o L . .~ The structure of the paper is as follows. In the next section
inverse Compton radiation from relativistic electrons in the j%e resent a descriotion of the polarimetric observations and
(e.g. Hartman et al. 2001a). The jet itself is well-resolved in P h P

. . ...~ the data analysis. In Sect. 3 we describe the main results on the
multiepoch VLBI observations that allow to determine its kine="7 =" . : .
olarization. Section 4 presents the infrared data. In Sect. 5 we

matics and the evolution of the superluminal components (ep scuss the origin of the observed variability. Finally, we close
Carrara et al. 1993; Piner et al. 2000; Wehrle et al. 2001; Pine 9 Y- Y:

et al. 2003). With the conclusions in Sect. 6.
3C 279 is extremely variable at all wavelengths. At opti-
cal bands it has shown fast and significant outbursts in a 551
gle night (e.g. Miller & Noble 1996). Rapid variations have "
been observed also at IR, UV, X-ray, and gamma-ray endihe observations were made using the CASPROF polarimeter
gies by many authors (e.g. Fan 1999; Pian et al. 1999f&mi on the 2.15-m CASLEO telescope at El Leoncito, San Juan,
et al. 1993; Hartman et al. 2001b). Despite these studies, vargentina during 4 consecutive nights, March 09-12, 2002.
little is known about the short term polarization behaviour @ASPROF was built at CASLEO, based on the designs of the
previous MINIPOL and VATPOL instruments (see Magais™
etal. 1984; Mantez et al. 1990). It is a rotating plate polarime-
ter with a Wollaston prism that divides the incident light beam

Leoncito, which is operated under agreement between CONICET AHH’I tV\Ilo C?rr;]]pqnents, eaCE Onzndér\?gfd to ﬁeﬂ:flnt phﬁto_l
the National Universities of La Platao@oba, and San Juan, as welMY tiplier. The |nstrurnent_ as system liter whee
as at the Laboratio Nacional de Astro§ica, LNA-CNPg, Brazi. ~ and asecond wheel with diaphragms dfefient apertures. The

** Table 2 is only available in electronic form at the CDS vi@bservations were carried out using the Johngofilter and
anonymous ftp tedsarc.u-strasbg. fr (130.79.128.5) orvia the 113 arcsec aperture diaphragm. Weather conditions were
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/409/857 photometric, except for the second night (March 10), when the
*** Member of CONICET. observations were made through thin cirrus.

Polarimetric observations and data analysis

Send g@print requests tol. Andruchow,
e-mail:andru@irma.iar.unlp.edu.ar
* Based on observations made at the Complejo Asimo6 El
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Table 1. Standard stars. 18 L ]
B {D& 4

Name «(2000) 5(2000)  Type Py Oy 16 - : ﬂ% 4
hms] 0 o [ l B )

HD 64299 07:52:25.6 -23:17:46 zero 0.151
HD 98161 11:17:11.8 -38:00:52 zero 0.017 i \
HD 298383 09:22:29.8 -52:28:57 angle 5.23 148.6 10 |- %{ ﬁg 7]

12 -

P (%)

HD 110984 12:46:44.9 -61:11:12 angle 5.70 91.6 8 B ! K |
Table 2. Results from polarization observations of 3C279. (Available °r | . | . | : | . | i
only in electronic form at the CDS.) 64 0 20 40 60 80

62 |- f g} ]
or m ]
Standard stars were observed to determine the zero po  s8 |- # .
for the polarization angle and the instrumental polarization (a_ 4 [ ]
though the latter was found to be practically zero). These sta— 3 : gﬁ 3 .
were chosen from the catalog by Turnshek et al. (1990); the® ** [ %, b # ! ]
parameters are given in Table 1. 52 | % h & .
In Table 2 (available only in electronic form), we present 5o [ i ]
polarimetric data obtained for 3C279 during our campaigr a8 L ]
Column (1) gives the Julian Date corresponding to each ol | - | - | - | - I
servation. Columns (2) and (3) give the degree of polarizatio 0 20 40 60 80
and its associated error. Columns (4) and (5) present the po U.T. (hs.)
tion angle and its error. Finally, in Cols. (6) and (7), we list the o N )
normalized Stokes parameters. Fig. 1. Degree of polarization and position angle for the observations

of 3C 279 during the four nights.

3. Variability results . . .
Y Since the polarimeter measures the ordinary and extraordi-

Figure 1 presents the variation of the degree of polarizatinary rays almost simultaneously, it is assumed that its results
(top panel) and position angle (bottom panel) during the foare immune to air transparency and seeing changes. However,
nights of our campaign (time begins at U0 hs on March a possible error source lies in the sky subtraction procedure. To
09, 2002). After a first glance, we can see that there are tweasure the polarization of the radiation emitted by a source,
different components in the variability with timescales of hout&o integrations are required: one with the object in the cen-
and days, respectively. During the first three nights, the degteeof the diaphragm, and the other of the sky near the source.
of polarization drops from-17% to~8%, whereas in the last Then, the brightness and polarization vector for the sky are sub-
night it rises from~8% to ~10%. With regard to the polariza-tracted from the corresponding source observation.
tion angle, it also presents superposed variations witkereint Large angdor rapid variations in the sky polarization due to
timescales. In this case, however, during the first three nigkite presence of the Moon are expected. Since this faffexta
the position angle shows no large-amplitude changes, remajoth the object and the sky, this systematic error should be re-
ing between 51and 53, while in the fourth night there is a moved when the data are reduced, provided that each sky mea-
sudden increase up t63°. surement is made near (both in time and position) to the corre-
A detailed curve for each nightis given in Fig. 2a—d, whergponding source observation. The Moon was above the horizon
the short timescale variations can be appreciated. These capnrig at the end of each observing night; however, we checked
described as a1% flickering in Py and variations of up to for any residual systematic error by plotting the behaviour of
~5 degrees i\ within a few tens of minutes. the polarization of the object with respect to the polarization
After discarding a few data pointdfacted by moonlight and magnitude of the sky. No spurious variation seems to be
contamination an@r lightnings near the horizon during onepresent due to thisféect, neither for the polarization percent-
night, we made two dierent sets of data reductions. In a firstge nor for the position angle.
approach each data point corresponds to an individual integra- In order to assess whether a source presents variability from
tion. This method, however, yields large error bars. As an a-formal and quantitative point of view, we followed the cri-
ternative, we averaged each pair of consecutive observatiterion of Kesteven et al. (1976) which has been used by sev-
(intheQ - U plane), in order to improve the statistics. Generaral authors in variability studies (Altschuler 1982; Romero
trends were similar to those obtained using the direct reductieh,al. 1994). The variability, both in amplitude and timescale,
although the errors were smaller. The rest of our analysis is theigjuantified by the following parameters: the fluctuations in-
based on these averaged data. dexu, the fractional variability index of the sour&e/, and the
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Fig. 2. A detailed view of the polarization and position angle variations for each night.

time intervalAt between the extrema in the polarization curvest = |tmax — tminl-

The corresponding formulae are as follows:
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Hereos is the standard deviation of one observati®),is the
(1) Mmean value of the polarization or the position angle measured
during the observing sessio8yax and Syn are, respectively,
the maximum and minimum values for the polarization or the
(2) position angletmax andtmin are the times when the extreme
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Table 3. Variability results for 3C 279: degree of polarization. wph

JD n u FV At Py ¥ VNV 16 L i

(%] [hs]  [%]
2452342 25 357 0.071 440 16.30 3088 V 14 | -
2452343 17 354 0.075 3.08 13.78 91.0 V
2452344 33 402 0.096 518 9.97 1962 V s wf |
2452345 30 648 0.139 454 947 5034 V 3{
All 103 72.77 0.375 70.26 11.68 33554.7 V > ok i
Table 4. Variability results for 3C 279: position angle. s L |
JD n u FV At 6 x> VNV .
[%] ths] [] . . L . .

2452342 25 1.38 0.028 1.79 53.0 157.0
2452343 17 1.69 0.030 3.08 547 755

\%
Vv Q/1 (%)
2452344 33 210 0.044 421 51.7 1741 V  Fig.3. Normalized Stokes parameters for 3C279 (entire campaign).
V
\%

2452345 30 154 0.138 493 60.4 126.3 (1) indicates the initial data point, and (2) is the final one.
All 103 20.32 0.109 24.42 545 7721.9

3.2. Visual magnitude

points occur. Regarding the significance of the variability, Additional information is provided by the visual magnitude
source is classified as variable if the probability of exceedif the source, which was obtained simultaneously to each po-

the observed value of larimetric measurement. However, the intranight trend in the
V magnitude is within the expected variations due to instru-
5 4 " 5 mental and atmospheric errors. In any case, no strong corre-
X" = Z & (Si—(S) (4)  |ation with the observed variations in polarization degree and

=1 position angle is clearly evident.

by chance is<0.1%, and non-variable if the probability is On the other hand, there is a hint for an inter-night mag-
>0.5%. If the errors are randoX2 should be distributed as hitude variation. We calculated the mean valuenpffor each
X2 withn-1 degrees of freedom, whereis the number of nlght and for the whole Campaign. These mean values for the
points in the distribution. photometric nights are as follows: first nigkity,) = 15.0; third

In Tables 3 and 4 we show the values of the variability pight, (mv) = 15.1; last night{my) = 15.1; then the source
rameters for the polarization percentage and the position &fmmed by 01 mag at the/ band during the four nights. Our
gle, respectively. Column 1 gives the Julian Date, Col. 2, tfean magnitudes for 3C279 are thgs consistent with those o_b—
number of points for each night, Col. 3 presents the value igined by Shrader et al. (1994) during an outburst occurred in
4, Col. 4,FV, Col. 5,At, Col. 6 gives the mean polarization’une 1992.
(mean angle) for each night, Col. 7, the valugéfand Col. 8
shows the variability class (V: if the source is variable, NV: if
it is not variable). The last row in each table shows values Br

the whole four nights observing run. The data in the near-infrared rangka(ndH filters) were taken
with the 1.6-m telescope at the LNA (Labavet Nacional de
Astrofisica, Brappolis, Brazil), using the CamlV, an infrared
camera with aHAwWAIl 1024 x 1024 pixel HJCdTe detector
An alternative way to present the results is through the Stok@s.5 um pixel!). The field of the resulting frames has
parameters. We shall consider, as usual, normalized dimensidrarcmin on each side, with a scale of 0.24 arcsec pixel
less parametetd/l andQ/I. We obtained two frames of 120 seconds of total integration

In Fig. 3, we present the 3C 279 data in @2—-U/I plane time each, with one arcminfiset between them, to subtract
for the whole campaign. We can describe this pattern liketlze emission from the sky. Because of the poor weather condi-
random walk in this space. Figures 4a—d show details for ed@ns, the observations were made only for a few hours in the
night. In this expanded view we can also see that there is mights of March 9 and 11, 2002. Hence, a full lightcurve for
systematic pattern in th® — U plane, suggesting a chaoticthe entire period covered by the polarimetric campaign is not
(turbulent) origin for the phenomenon. available, unfortunately.

Infrared observations

3.1. Stokes parameters
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Fig. 4. Stokes parameters for each night. Again, (1) and (2) indicate the initial and final data point in each case.

The reduction of the near infrared observations was macentrol and comparison purposes (see Cellone et al. 2000, for
with the IRAF* tasks developed for the CamlV data analysis detailed discussion of the procedure). The fluctuations in the
by F. Jablonski (private communication, 2001). The tviset lightcurves that could be interpreted as intranight variations are
frames were combined after correcting them by flat field, dawkthin the estimated errors. However, a brightness decrease be-
contribution and possible bad pixels in the detector. The insttween the two nights could be observed, amounting to 0.13 mag
mental magnitudes were calculated usingAReHoT task for in Jand 0.19 mag itd. The diferential lightcurves can be seen
aperture photometry, with an aperture of three or four times timeFig. 5, where the error bars correspond to the dispersion of
FWHM. the control lightcurve. 3C 279 is the only object in the field

The lightcurves were constructed irffidrential mode, with to show this inter-night variation, which guarantees the confi-
different field stars of similar magnitude to the object used fdence of the detection. It is interesting to notice that the general
trend of the infrared variability mimics the behaviour of the de-
gree of polarization, with a qualitatively similar decrease.

1 1RAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universit
for Research in Astronomy, Inc., under cooperative agreement with The variability criterion adopted is the one used by Jang &
the National Science Foundation. Miller (1997), Romero et al. (1999), and others: we calculated



862 I. Andruchow et al.: Microvariability in the polarization of 3C279

25 2
03/09 03/30 04/26 05/18
g2 g 16 | £ 2
z | i J
§21 ii J 12 | 2 ﬁ i
g 19 ¢
g E“’"‘*» % 0.8 1 z:
£ 1.7 I e 3 H
_ H 2
: i "% B 7
15 g
1S
19 + s 0
17 % <GC—«J 1 -
15 | @ = ? b2 ¥
£ 05 |
a

C1-C5 C1-C3 C1-Cé C1-C3

P (%)
-
w
-

[any
[N
T

, b ~ 09 | ‘ ‘ ‘ ‘

g N ©
T

04 s k2 ¥
C1-C5 Cc1-C3 C1-C6 C1-C3 H
23425 2343 23435 2344 23445 2345 23455 2346 01 ‘ ‘ ‘ ‘
JD - 2450000 2330 2350 2370 2390 2410 2430
Fig. 5. Upper panel:differential light curve of 3C279 in thé andH JD - 2450000

filters (comparison - targetl.ower panel:.opticalV band polarization.
( P getowerp P P Fig. 7. Differential light curve of 3C279 in th& andH filters during

24.4 ten nights of observations in 2002, divided in four campaigns between

H:  03/09/2002 March 9 and May 19.

s o 03/11/2002

« -24.8 |

5

g up its near-infrared behaviour in the subsequent months. The
~ o252 | observations were carried out with the CamlV installed in the
w 0.6-m B&C telescope at LNA (field of view of &8’, with 0.47

4 arcsec pixet* resolution) for about one hour per night in three
- 5 6 campaigns during March 30 to April 2, April 26 and 29, and

May 18-19. The resulting light curves ihandH bands can

14.2 14.4 14.6 148 pe seen in Fig. 7, which includes the first two nights (March,

Log (v) (Hz) 9 and 11) observation. The control light curves are also shown
for the two filters. The stars used for comparison were not the

Fig. 6. Spectral behaviour in the nights of March 9 and March 1Jsame for all campaigns. As we already described above, in the

showing the flux decrease and that the mechanisms that are causin - .
the variations (polarization and continuum flux) do not cause chan H#i obst_ervmg run we used the 1.6 m _telescope, with a small
in the spectral indices. leld of view. In the subsequent campaign, the 0.6 m telescope
was used and the larger field allowed the use of a better sam-
pled star. The stars chosen in campaigns 2 and 4 were not in the
a paramete€ = o1/c, whereor is the standard deviation field in campaign 3, and for that reason, a third comparison was
of the target dferential lightcurve and- is the standard de- Used. In the figure, the C1-CS and C1-C6 control light curves
viation of the control lightcurve. A source can be classified 4re arbitrarily shifted in relation to C1-C3 for better visual-
variable with 99% confidence level@ > 2.576. The analysis 1zation. Finding charts with the indications of the reference and
for data taken with both filters in the infrared yields that theontrol stars are available upon request. The maximum bright-
source formally classifies as non-variable at all timescales &@ss variation of 3C 279 detected in long time scales was about
cept for averaged values from night to night. Stars from Pers€d mag in the two filters, between March 10 and April 29. In
et al. (1998) were observed for flux calibration and spectral i0€ scales of days, the object infrared brightness decreased by
dex calculation. After correction for redenning, we found th&3 mag between April 26 and 29.
the near-infrared spectral index remained constant in these twoln general, the behaviour gfandH light curves was sim-
nights, as shown in Fig. 6, witls, = —0.80+0.01 (considering ilar, except in May, 2002, when the magnitude increased in
F, o v®). 0.3 mag relative to its value is April 29, while tiemagnitude
Since at the final of the coordinated campaign 3C 2'tid not vary in the same period. This behaviour was not ob-
showed an increase in the degree of polarization as well aseaved in the control light curves, which indicates that it must
sudden change in the polarization angle, we decided to follde real.
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Table 5. Results for the infrared observations of 3C 279.

0.6 | .

Fiter ~ JD o At C VNV |

[hs]

J 2452342 0.010 1.1 0.28 NV ; IR

J 2452344 0.014 6.0 0.32 NV :

H 2452342 0.014 15 0.28 NV

H 2452344 0.022 6.0 0.50 NV é 0.4 B 17

K] :
5. Discussion § , |

The polarized optical emission is expected to be synchrotronlg f

radiation originated in the relativistic jet of 3C 279. The rapid & p
variability, with timescales from minutes to hours, seems to fa- L 5 _E _

K

vor models based on the interaction of a relativistic shock with
some obstacles along the inner jet (e.g. Gopal-Krishna & Wiita
1992).

Small variations in the direction of the shocks that propa-
gate down the relativistic jet can produce large variations in the
observed flux and polarization. Recent evidence for changes ir

STy g——

the trajectory of superluminal components in 3C 279 has been o . L PR ety eyt
found by Homan et al. (2003) at kpc-scales. These changes ca 0 20 40 60 80
be quite frequent in the turbulent environment of the inner pc- 8

scale jet.

The fractional polarization of the shock as a function of thFe'.g' 8. Variation of the fractional polarization as a function of the angle

. . . . with the line-of-sight. The solid line is fdr = 8, the dashed one is for
angle with the line-of-sightféected by the relativistic aberra-r _ 15 sndr = 13 and the dots line is fdt = 16. The zoom-in panel
tion, &, the compression factor of the plasnkaand the spec- ghqws a detail of the same plot at low value.of

tral index,«, is (Hughes et al. 1985, e.g.):

1-a (A-K)sirtd

“53-a 2-(1-K)sirtg ®)

_ ) o ~ Herey; is the Lorentz factor of the underlying jet. Since the
The relation betweew and the actual viewing anglé, is superluminal components are expected to be extremely rela-

given by: tivistic even respect to the jet, we adopt a mild vajpie 2 for
. cosf-B the stable, underlying flow (Marscher & Gear 1985; Romero
cosd = m, (6) et al. 1995)
In the particular case of 3C 279, we assume an average
whereg = (1 - I'"?)Y2 is the relativistic velocity of the shock value of@ = —0.95 for the spectral index at optical wave-
andr is the Lorentz factor of the shocked plasma. lengths (de Pater & Perley 1983). Concerning the Lorentz fac-

In the case of a perpendicular, relativistic strong shock, tha, we adopt as an average value the result of the fit of super-
factor by which the jet plasma is compressed by the shHackJuminal components with the precessing jet model proposed

can be written as (Blandford & McKee 1976): by Abraham & Carrara (1998). This model yields= 13 for
- Ho = 70 kms?! Mpct. We consider values df of 8, 12, 13
k1= Mps - 71:"5+ 1. (7) and 16. The aberrated viewing angle at the present epoch is
n y-1 6 ~ 26deg, which is in good agreement with the value given
by Piner et al. (2003), once the aberration is corrected (i.e.

In this expressionn,s andn; are the particle densities in the
shocked gas and in the underlying jet, respectivelythe adi- 6 ~ 2deg).

abatic index, which has a valge="13/9 for a gas with equal In Fig. 8 we show the evolution of the fractional polariza-
fractions of relativistic electrons and non-relativistic proton&ion in the observer system with the viewing angle. The angle
andTIps is the Lorentz factor of the shocked gas measuredifcorrected for aberration. In the zoom-in panel we show the
the frame of the unshocked gas. If we take the same velodi§tail of the changes for small viewing angles as expected for
for the shock and the shocked plasma in order to simplify ti& 279. It can be seen that just a small change in the orientation

equations] s can be expressed as (see Romero et al. 1995)9f the shock velocity can produce a large change in the degree
of polarization. In order to get a rapid variation-0f0% as we

Iyj(1-p%) observed, a change e deg is enough. The dependencdon
[ps= ———— (8) o
ps ™ \2 is not very strong for small angles. A deviation of the shock on
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0.15 T T T T no observations were possible that night at LNA Observatory.
However, the achromatic 0.4 mag variation in the near infrared
flux observed in April, 26 and the chromatic variations in May
18-19, are compatible with short lived shocks, with relatively
r 1 high formation rates.

~~~~~ 6. Conclusions
0.10 - .

We have carried out polarization observations with very high
time resolution of the OVV blazar 3C 279. A large variation
of ~10% in the degree of linear polarization was observed on
internight timescales. More rapid flickering, with timescales
from minutes to hours, was also present within each single
night. Simultaneous infrared observations indicate that the total
synchrotron flux was decreasing while the fractional polariza-
tion was also decreasing. This overall behaviour and IR ob-
servations on larger time scales seems to agree with what is
expected from a relativistic shock that changes mildly the view-
ing angle. The rapid flickering might be due to turbulence in the
post-shock region. New simultaneous multiwavelength and po-
larization observations of this extremely active source can shed
further light on the interactions of relativistic shocks with small
features or bends in the inner jet.
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