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Prominent activity of the blazar OJ 287 in 2005.

XMM-Newton and multiwavelength observations

S. Ciprini'?,
C.M. Raiteri®, N. Rizzi*!, I. Agudo™®, L. Foschini’, M. Fiorucci®, L.O. Takalo?, M. Villata®,
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Abstract. Two guest-observer XMM-Newton pointings of the blazar OJ 287 in 2005 are
introduced, along with part of the radio, mm, near-IR, and optical data obtained during a
coordinated and intensive WEBT campaign, during longer-term monitoring observations
performed by teams of the ENIGMA network, and during other independent observing
programs (like VLBA observations). In that year OJ 287 showed an interesting variable be-
havior in the optical band. An optical outburst, well matched by our WEBT observations,
is claimed in the period Oct.-Nov. 2005, and the XMM-Newton X-ray observations are per-
formed in correspondence with two active optical states (an intermediate flare and such out-
burst). X-ray data indicates different flux levels, spectral slopes, and emission components,
and VLBA radio maps are consistent with a jet precession model. This appreciable observ-
ing effort is still ongoing (a further XMM-Newton pointing is planned in 2008), joined with
further parallel/multi-monitoring observing programmes devoted to this interesting object.

Key words. BL Lacertae objects: general — BL Lacertae objects: individual: OJ 287 —
quasars: individual: OJ 287 — X-rays: galaxies — radio continuum: galaxies — galaxies: jets
— galaxies: photometry — radiation mechanisms: non-thermal
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Fig. 1. Optical (R-band magnitude) light curve obtained during the coordinated, intensive and short MW
campaign by the Whole Earth Blazar Telescope (WEBT) consortium, and during longer-term monitoring
observations (ENIGMA network observatories, plus other independent programmes and observatories),
requested or triggered by the 2 XMM-Newton pointings in 2005. This light curve covers two optical ob-
serving seasons for the blazar (Oct.2004 - Mar.2006). The XMM-Newton space observatory pointed OJ
287 twice (Apr.12 and Nov.3-4, 2005, vertical lines in the figs.) following our granted GO AO-4 proposal.
X-ray observations were coincident with two main active stages in the optical band (a mild flare in Apr.
and an outburst in Oct.-Nov.). The second X-ray observation was performed during an optical enduring (~
20 days) and time-structured (3 major symmetric wiggles) outburst (R,,, ~ 13.3). The whole dataset of
radio, mm, near-IR, and multiband optical observations has been collected by more than 30 ground-based
observatories. The intensive coordinated WEBT campaign covers a period of about 1 week around the first
XMM-Newton pointing in Apr.2005, and about 1 month around the second pointing of Nov.2005.

1. The OJ 287 campaign in 2005

The high-energy and variable flux, the broad-

Observatory, Assisi, Perugia, Italy. 18) Institute of Astronomy and band synchrotron and inverse Compton ( 0S-
Dept. of Physics, National Central University, Jungli City 320-54, A y R p p
Taoyuan, Taiwan, ROC. 19) Crimean Astrophysical Observatory, ~ sibly connected) emission components, make
Nauchny, 98409 Crimea, Ukraine.  20) Aryabhatta Research : :
Institute of Observational Sciences, Manora Peak, Nainital 263 blazars ldeal. targets f:OI' multlwavelength
129, India. 21) Metsihovi Radio Observatory, Helsinki Univ. of ~ (MW) campaigns, involving both space-borne
Technology, 02540 Kylmiild, Finland. 22) Institute of Theoretical : B S
Physics and Astrophysics, Masaryk University, 611 37 Brno, obse?rvatorles and ground based facilities. In
Czech Republic.  23) Ulugh Beg Astronomical Inst., Academy ~ particular the blazar OJ 287 (PG 0851+202,
of Sciences of Uzbekistan, Tashkent 700052, Uzbekistan. 24) _ : i
Institute of Astronomy, Bulgarian Academy of Sciences, 1784 3EG J0853+1941’ z = 0306) .IS .an Optl
Sofia, Bulgaria. 25) National Radio Astronomy Observatory, ~cally highly-variable (> 3 mag variations) and
Green Bank, WV 24944, USA. 26) National Centre for . : _ :
Radio Astronomy, TIFR, Ganeshkhind, Pune 411007, India. IOW/ 1ntermeqlate enjcrgy peaked BL Lac ObJeCt
27) Abastumani Observatory, 383762 Abastumani, Georgia. (LBL/IBL), interesting mainly for a twofold
28) Astronomical Institute, St. Petersburg State University, : : : : .
Universitetsky pr. 28, Petrodvoretz, 198504 St. Petersburg, Russia. reason. FII‘St, this source IS. hIStorlcal!y amor.lg
29) Korea Astronomy and Space Science Institute, Dacjeon 305-  the best observed AGN in the optical/radio
348, Republic of Korea. 30) Department of Physics, Tsinghua : _
University, Beifing 100084, China.  31) INAF, Osservatorio  031dS, having a very g?oiinc(i\erl‘taba‘sejof Okffrva
Astrofisico di Catania, 95125 Catania, Italy. 32) Michael Adrian ~ t10NS (see Pursiimo et at: pAVIVIVN Takato! II%, for
Observatory, 65468 Trebur, Germany. 33) Nyrold Observatory, a review of earlier observations) hence allow-
Jyviskylan Sirius ry, 40950 Jyviskyld, Finland. 34) Department | T A ’) 3 N
of Astronomy, Faculty of Physics, Sofia University, 1164, Sofia, 1Ng a MOre s1gn1ﬁcant statistical 1vestigation,
Bulgaria.  35) Coyote Hill Observatory, Wilton, Sacramento, :
CA 95693, USA. . 36) Nordic Optical Telescope. 38700 Santa 20 @ wider study Oqfntrfle\ parameter space of
Cruz de La Palma, Spain.  37) Agrupacié Astonomica de  variability (Wagner-2007), Secondly it is one
Sabadell, 08200 Sabadell, Spain. ~ 38) Department of Physics, 3 - :
University of Colorado at Denver and Health Sciences Center, of the Ver}' icw C)&udgala'CtIC 'SOU'I'CGS, .‘Nhere a
Denver, CO 80217-3364, USA.  39) IRAM, Avd. Div. Pastora major periodical or quasi-periodical signature
7NC, 18012 Granada, Spain. 40) Laboratory of Radioastronomy 1 : Valtanan 2NN T- Nilaann ot al
of Crimean Astrophysical Observatory RT-22, Katsively, Yalta, is claimed (e.g., skl § i h“f"““" s
334247 Crimea, Ukraine.  41) SARA Observatory, Florida ~2006), and the search for supermassive binary
International Univ., Miami, FL 33199, USA. 42) National Tani :
Astronomical Observatories, Datun Road, Chaoyang District, blaCK_ holes should become a major research
Beijing, China. field in the next years.
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Fig.2. Upper panel: The Nov.2004-Dec.2005
multiband light curves of the radio/mm fluxes of
OJ 287 (observing bands spans from 2.3 to 230
GHz), obtained during the extended coordinated
campaign. Lower panel: preliminary radio (6cm) in-
tensive light curve of OJ 287 obtained on Apr.12-
13, 2005 (9h almost simultaneous to the first XMM-
Netwon pointing) with the Effelsberg 100m radio
telescope. The source showed a fast and signifi-
cant radio intra-day variability (IDV) of 2-3% (see

aA007
T uuuuauu ct cu yavivaj

3473.50

Two X-ray snapshots of OJ 287 by XMM-
Newton (performed in Apr.12, 2005 and
Nov.3-4, 2005) are brielfy reported here, to-
gether with radio, mm, near-IR, optical pre-
view data obtained by a coordinated WEBT
campaigns, by longer-term observations ob-
tained within the ENIGMA Network, and by
further independent observing programs The
more recent X-ray observations—of-(33—287
were performed by ASCA {isobectal. ZUUI)
and Beppo-SAX (Massaro et al. 2003). The
X-ray spectra obtained by the EPIC camera
(pn-MOS1 and MOS2 detectors) on board of
XMM-Newton, and part of the multiwave-
lenght data are shown, and described in more
detail in the caption of the Figures 1-5. Among
the most interesting results we summarize the
following ones: (i) an enduring, symmetrical,
and time structured optical outburst observed

.
-

Peak Total Flux 1.86224

Tmlnm(hmno.zl 1.58,4.35,11.94,32.78,90%
{noise 3.91071

N&ehl‘bln‘lu“mSOﬂO beam (7.% of Peak
Beam FWHM 1.053: uxQOMWMn(:, )

Peak Pol. Flux 72.1002 mJy/beam

EVPA Rotation 34 deg.
Gilobal Flux Scale 1.00

Fig. 3. 22 GHz VLBA image of OJ 287 obtained in
Apr.02, 2005. Contours represent the total intensity,
the colour scale the polarized intensity, and the su-
perimposed sticks the orientation of the polarization
electric vectors. The positions of the fitted Gaussian
components are indicated by the crosses, whereas
the circles (of radius equal to the FWHM of each
Gaussian) symbolize their size. The 22 GHz image
convolving beam is (1.05 x 0.41) mas?, with major
axis position angle at —12°.

in Oct.-Nov. 2005; (ii) a broken power-law
X-ray spectrum (i.e. a two-component, syn-
chrotron + IC spectrum, typical signature of
intermediate blazars, or a thermal tail end) dis-
covered by the EPIC instrument on Nov.3-
4; (iii) a clear frequency dependence of the
mean structural position angle of the radio-
jet in VLBA maps, consistent with a ballistic
jet precession model, and a polarization struc-
ture mostly concentrated on the emission core.
A more defailed! analysis will be available in
(Ciprini et al. 2007).
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Fig. 4. XMM-Newton combined EPIC (pn, MOS1
and MOS2 detectors) X-ray spectra of OJ 287,
belonging to the two observations performed on
Apr.12, and Nov.3-4, 2005. Upper panel: the Apr.12
spectrum can be described by a simple power-law
+ galactic absorption, Ny = 3.09 x 10*° cm2,
=163+ 002,){% =1.03 dOf =367, Fy_jokev =
(2.5 +0.8) x 107'2 erg s™' cm™2. Lower panel: the
Nov.3-4 spectrum can be described by a broken
power-law + galactic absorption, Ny = 3.09 x 10%°

em?, Ty = 265012, T, = 1.79 + 0.02, E, =
0694_'88‘; keV, X% =1.03 dOf = 927, F2—lOkeV =

(1.82+0.07) x 102 erg s~! cm™2.

Community’s Human Potential Programme under
contract HPRN-CT-2002-00321.

References

Ciprini S., Raiteri C.M., Rizzi N., et al,, in
prep.

Fuhrmann L., Ciprini S., Marchili N, et al., in
prep

Isobe N., Tashiro M., Sugiho M., & Makishima
K. 2001, PASJ, 53, 79

- em™?]

[erg s

Log, (1)

Ciprini et al.: Prominent activity of the blazar OJ 287 in 2005

E

., [eV]

10~ 1 1 1 o°
[T T T T Ty Ty Ty

|
o

|
=

4 XMM OM & EPIC—PN
@ Radio mm NIR Opt. (Apr.12.2005) ¢ S y ) b

Apr.12.2005)

|
w

|
S
© RAARRRAR AR R RARRRRRR AR

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Log, v [Hz]

Fig.5. The overall spectral energy distribution
(SED) of OJ 287 quasi-simultaneous to the first
XMM-Newton observation of Apr.12, 2005 (OM
and EPIC-pn spectral data reported), assembled
with radio, mm, near-IR and optical data col-
lected around the satellite pointing date (filled
red/orange symbols). A synchrotron self-Compton
(SSC) model for this epoch is reported (black line).
The SSC fit attempt reported is a first approximation
model (one-zone, homogeneous region with injec-
tion of a power law energy distribution of acceler-
ated electrons, characterized by cooling and escape
times), taking into account also the radio emission,
and providing the following parameters: y,,;, = 135,
Ymax = 6.2 %X 10, p = 1.8, k = 0.05, B = 0.4Gauss,
R = 9.5 % 10%m, D = 6, z = 0.306. In this
date XMM-Newton data suggests a pure inverse-
Compton origin for the X-ray emission. On the other
hand data referring to the Nov.3-4, 2005 pointing
(not reported here), suggests a different situation.
More details can be found in Ciprini et al..{2007).

Massaro E., Giommi P., Perri M. et al. 2003,
A&A, 399,

Nilsson K., Takalo L.O., Sillanpdd A., &
Ciprini S. 2006, ASP Conf. Ser. 350, 47

Pursimo, T., Takalo, L.O., Sillanpdd A., et al.
2000, A&AS, 146, 141

Takalo, L.O., 1994, Vistas in Astron., 38, 77

Valtonen, M. J. 2007, ApJ, 659, 1074

Wagner, S. J., 2007, AIP Conf. Proc., in press



