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Simultaneous multi-wavelength campaign on PKS 2005-489 in a
high state

The H.E.S.S. Collaboration
A. Abramowskt, F. Acerd, F. Aharoniad*®, A.G. Akhperjaniaf®, G. Antorf, A. Barnack&?®,
U. Barres de Almeid¥®*, A.R. Bazer-Bacht, Y. Becherint?13, J. Becke¥, B. Behera®, K. Bernlohp 18,
A. Bochow?, C. Boissof’, J. Bolmont8, P. Borda¥®, V. Borrel'!, J. Bruckef, F. Brun3, P. Brur?, T. Bulik?°,

l. Busching!, S. Casanova M. Cerrutit’, P.M. Chadwick®, A. Charbonnie¥®, R.C.G. Chavels A. Cheesebroudh,
L.-M. Chounet3, A.C. Clapson, G. Coignet?, J. Conraé®, M. Daltont®, M.K. Danieft?, I.D. David$?*, B. Degrang&®,
C. DeiP, H.J. DickinsoA®23, A, Djannati-Atat?, W. Domainkd, L.O’C. Drury*, F. Duboig?, G. Dubug®, J. Dyk$,
M. Dyrda?®, K. Egberté’, P. Egef, P. Espigaf, L. Fallorf, C. Farnief, S. Fegal?, F. Feinsteid, M.V. Fernande
A. FiassoR?, G. Fontainé®, A. Forste?, M. FiiRling®, S. Gabict, Y.A. Gallan®, H. Gast, L. Gérard?, D. Gerbid*,
B. Giebeld?, J.F. Glicensteity B. Gliick', P. Goret, D. Gorind, J.D. Hagu#, D. Hampf, M. Hauset®, S. HeinZ,
G. Heinzelmanh, G. Henr?®, G. Hermana, J.A. Hintorf®, A. Hoffmanrt®, W. Hofmanrt, P. Hofverberd, D. Horng,
A. Jacholkowsk#, O.C. de Jagét, C. Jahi, M. Jamrozy®, |. Jund, M.A. Kastendieck, K. Katarzyhski®, U. KatZ,
S. Kaufmanf®, D. KeogH®, M. Kerschhagdf, D. Khangulyas, B. Khélifi'3, D. Klochkov®, W. Kluznialé,

T. Kneiské, Nu. Komir?, K. Kosack, R. Kossakowsk?, H. Laffon'3, G. Lamann#, J.-P. Lenai¥, D. LennarZ,
T. Lohsé®, A. Lopatir’, C.-C. L, V. Marandor?, A. Marcowitt?, J. Masboe?, D. Maurin®, N. Maxted,
T.J.L. McComB?, M.C. Medin&, J. Méhault, N. Nguyert, R. Moderskt, E. Moulin’, M. Naumann-Gody
M. de Nauroié3, D. Nedbat?, D. Nekrasso¥, B. Nicholas?, J. Niemieé®, S.J. Nolaf®, S. Ohnt, J-F. Olivé?,

E. de Ofia Wilhelm, B. OpitZ, M. Ostrowskf®, M. Pantef, M. Paz Arribas®, G. Pedalett®, G. Pelletief®,
P.-O. Petrucép, S. Pitd?, G. Puihlhofet®, M. Punch?, A. Quirrenbach®, M. Raué, S.M. Raynet°, A. Reimer’,
0. Reimef’, M. Renaud, R. de los Reyes F. Riege?3, J. Ripker?, L. Rob*?, S. Rosier-Lee®, G. Rowelf?,

B. Rudak, C.B. Rultert®, J. Ruppéel*, F. Rydé*, V. Sahakiah®, A. Santangel?, R. Schlickeisef*, F.M. Schock,
A. Schonwald®, U. Schwank#, S. Schwarzbur, S. Schwemmeép, A. Shalcht*, M. Sikorg, J.L. Skiltor?®,

H. Solt’, G. Spenglé®, t.. Stawar?®, R. Steenkamd, C. Stegmanfy F. Stinzind, I. Sushch®, A. Szostek>2°,
P.H. Tant®, J.-P. Taverné®, R. Terriet?, O. Tibolla®, M. Tluczykont, K. Valerius, C. van Eldik, G. Vasileiadis,
C. Ventef!, J.P. Viallé?, A. Viana, P. Vincent®, M. Vivier?, H.J. VoI, F. Volp€, S. Vorobio#, M. Vorster?,
S.J. Wagnér, M. Wardt®, A. Wierzcholskad®, A. Zajczyk®, A.A. ZdziarskP, A. Zech’, H.-S. Zechlirt

The Fermi LAT Collaboration
A. A. Abdo®®, M. Ackermanid’, M. Ajello®’, L. Baldini®8, J. Balle?, G. Barbiellinf®#°, D. Bastierf>*2, K. Bechtof?,

R. Bellazzint®, B. Berenjf’, R. D. Blandford’, E. Bonament&44, A. W. Borgland’, J. Bregeoff, A. Brez*®,
M. Brigida®>*®, P. Bruel®, R. Buehlet’, S. Busofi**2, G. A. Caliandrd’, R. A. Camero®’, A. Cannoi®4?,
P. A. Caraved’, S. Carrigaf?, J. M. Casandijiah E. Cavazzufil, C. Cecchi®#4, O. Celik*85253 A Chekhtmap(*>°,
C. C. Cheungf, J. Chiang’, S. Ciprini*4, R. Claus’, J. Cohen-Tanugt, S. Cutinp!, C. D. Dermet*, F. de Palm&46,

E. do Couto e Silv¥, P. S. Dreff’, R. Dubois’, D. Dumor&8, L. Escande®®’, C. FavuzZ®>#%, E. C. Ferrar#,
Focké’. P. Fortint3, M. Frailis®82°, Y. FukazawC, P. Fusc>46. F. Gargant®, D. Gasparririt, N. Gehrelé8,

. B.

S. Germarfi®*4, N. Gigliettd*>*®, P. Giomm??, F. Giordand>*8, M. Giroletti®?, T. Glanzma#’, G. Godfrey’,

I. A. GrenieP, J. E. Grové*, S. Guirie€?, D. HadascfY, E. Hay$8, D. Horart?, R. E. Hughe®, G. Johannesséh
A. S. Johnso#, W. N. Johnso?f, T. Kamaé’, H. Katagirf°, J. Kataok&, J. KnodisedéP, M. Kuss®, J. Landé’,
L. Latronico®®, S.-H. Le&’, F. Longd®#°, F. Loparcd>#®, B. Lott°6, M. N. Lovelletté*, P. Lubran83*4,

G. M. Madejsk?’, A. Makeew*>°, M. N. Mazziott&®, W. McConvillé*®87, J. E. McEner§3%’, P. F. Michelso#’,
T. Mizund®, C. Monté>*¢, M. E. Monzant’, A. Morselli®®, 1. V. Moskalenkd’, S. Murgia&’, T. Nakamor§®,

S. Nishind?, P. L. Nolar?’, J. P. Norri§€®, E. Nus$®, T. Ohsugi®, A. Okumurd?, N. Omodet’, E. Orlandd?,

J. F. Orme®, M. Ozaki't, D. Panequ¥, J. H. Panett¥{, D. Parent?, V. Pelass®, M. Pepé344 M. Pesce-Rollin¥,
F. Pirort3, T. A. Portef’, S. Raind>46, R. Rand8>*2, M. Razzané®, H. F.-W. Sadrozinskf*, D. Sanche?,

A. Sande?®, C. Sgrd8, E. J. Siskind®, P. D. Smithh3, G. Spandré, P. Spinellt®*¢, M. S. Strickmaf®*, D. J. Susof?,
H. TakahasHP, T. TakahasHt, T. Tanakd’, J. B. Thayet’, J. G. Thayet’, D. J. Thompsof?, L. Tibaldd*-4%%77,
D. F. Torre§”"8, G. Tostf3*4, A. Tramacerg’’%8 E. Troj®8%, T. Uehar&, T. L. Ushef’, J. Vandenbroucké,
G. Vianell"88, N. VilcheZ®, V. Vitale®882 A, P. Waité’, P. Wang’, B. L. Wineff3, K. S. Woo®*, Z. Yang*?°,

T. Ylinen?38425 and M. Zieglef*

(Afiliations can be found after the references)

W

arxiv:1111.3331v1 [astro-ph.HE] 14 Nov 2011

Received 19 November 2010; accepted 15 March 2011

ABSTRACT


http://arxiv.org/abs/1111.3331v1

Abstract System)|(Aharonian et al. 2005). Multi-year studies of tle&/ T

. . emission by H.E.S.S. together with several multi-waveteof-
Ihe Htrequency pesked BL. Lac bfct PKS 2005-489 Wi scrbed by e HESS Colbatalon 2078
servations in the Tey-ray (H.E.S.S.), Ge\j-ray (FermjLAT), VHE y-ray spectra can be described by power laws with photon

. - ; . indices varying between 2.9 and 3.7 and hence they are amongs
X-ray (RXTE Swif), UV (Swif) and optical (ATOM, Swify the softest spectra of all VHf=ray active galactic nuclei (AGN).

bands. This campaign was carried out during a high flux state | . . .
the synchrotron regime. The flux in the optical and X-ray sand Together with théermiGamma-ray Space Telescope (in op-

o . eration since June 2008) it is possible to determine therseve
reached the level of the historical maxima. The hard GeV-sp g Lo
trum observed wittFermyLAT connects well to the very high ompton emission peak of PKS 2005-489. Together with simul-

energy (VHE, B 100 GeV) spectrum measured with H.E.S Janeous broadband observations, the underlying emissmn p
with a peak énergy between 5 and 500 GeV. Compar-ed t'OCesEes gan gg Snéd'(.ad '?[ more detall;[_ln th'sl papt(;r thes&sfult
observations with contemporaneous coverage in the VHE a broacband simuitaneous multi-wavelength campaign o
X-ray bands in 2004, the X-ray flux was50 times higher dur- a%?fs 2005-489 conducted in 2009 are presented.

ing the 2009 campaign while the Tepray flux shows marginal

variation over the years. The spectral energy distributian i . .

ing this multi-wavelength campaign was fit by a one zone syR- Multi-wavelength observations and data analysis

chrotron self-Compton model with a well determined @tn A multi-wavelength campaign on PKS 2005-489 was conducted
X-rays. The parameters of a one zone SSC model are INCON{igi May 22 to July 2, 2009 with observations by the Cherenkov
tent with variability time scales. The variability behauicover telescope array H.E.S.S. (High Energy Stereoscopic System
years Wit.h the I.arge changes in synphrptron emission and SMAe X-ray satellitesRXTE (Rossi X-ray Timing Explorer)
changes in the inverse Compton emission does notwarrant aryp 4 gyift and the optical 75-cm telescope ATOM (Automatic
terpretation within a one-zone SSC model despite an apiyareRg|escope for Optical Monitoring for H.E.S.S.). The LAT (ga
satisfying fit to the broadband data in 2009. Area Telescope) instrument onboard tRermi Gamma-ray
Space Telescope scans the whole sky within approximately 3
1. Introduction hours and hence PKS 2005-489 was regularly monitored dur-
) ) ) ing this campaign such that simultaneous information aboat
PKS 2005-489 is one of the brightest high-frequency peakted Brightness and the spectrum of the high energy (HE, 100 MeV
Lac objects (HBL) in the southern hemisphere. It is located g < 100 GeV)y-ray emission could be obtained. Hence, for
@j2000 = 20"09"25.3%, 632000 = —48°4953.7” (Johnston et al. the first time, simuitaneous observations have been taken on
1995) and has a redshift o= 0.071 (Falomo et al. 1987). PKS 2005-489 in the VHE, HE-ray, X-ray, UV and optical
HBL are characterized by two peaks in their spectral efands, that can be used for variability and spectral studlies
ergy distribution (SED) which are located in the UV-X-raysimultaneous monitoring by Fermi in the GeV and by ATOM in
and the GeV-TeV band, respectively. These are commonly gke optical band over a time of 22 months allows the studyef th
plained by leptonic models (elg. Marscher & Gear 1985) as syiBng term behaviour of PKS 2005-489. The time of the multi-

chrotron and inverse Compton (IC) emission from a popul@avelength campaign is marked in the long term light curve
tion of relativistic electrons upscattering their selbguced syn- shown in Fig[l.

chrotron photons (Synchrotron Self Compton models (SSC)).
Also alternative models based on hadronic interactiors gxig.

Mannheim|(1993). 18x10" T T
PKS 2005-489 was detected through the Parkes 2.7 GHz ¢ 1.6x10"- ,}\ Campaign T
vey (Wall et all 1975) and is part of the 1 Jy catalog (Kiuihrlet &% | 4o [ ]
1981) of the brightest extragalactic radio sources. £ R . ]
It has been observed during several years Wfedint X- 5 = e | \ b
ray satellites and showed very large flux variations in con z "' [ W \\ ]
bination with distinct spectral changes. In October-Nokem = 800" - ]
1998, a large X-ray flare was detected and monitored wi coxi0"' - . wwh B
RXTE (Perlman et al. 1999). Shortly before this flare occure B BERAREEEES LN s A Ry e
BeppoSAXobservations were conducted which revealed -~
curved X-ray spectrum from.Dto 200 keV with photon indices . ** | + ]
of Iy = 2,T> = 2.2 and a break around 2 keV (Tagliaferrietal = 78'

T -
The first evidence foty-ray emission was marginally de- é . + + ++ - +
tected (430) with the EGRET instrument revealing a flux of 5101 ++ -~ + 7

F(> 100 MeV) = (1.3+ 0.5)x 10" cm? s (Lin et al.[1999; +
Nandikotkur et all_2007). This made PKS 2005-489 one of tl 2500 ST SAsAR00 TSI 3453000 TATSTO0 S453200 TARSa00 FA53400
few HBL detected by EGRET. Very high energy (VHE,>E time /JD

100 GeV)y-rays from PKS 2005-489 were first detected by thejg. 1. Long term lightcurves of PKS 2005-489 over 22 months
Cherenkov telescope array H.E.S.S. (High Energy Ster@scoof the optical emission (upper panel) by ATOM and the By
. emission (lower panel) bifermyLAT. The HE y-ray lightcurve
eS_ ﬁ?gﬁ;ﬂggfﬁ;&ﬁ;ﬁiﬁﬁfgz:;‘berg_ de is binned with 30 days interval. The triangles representeupp
e-mail:fortin@llr.in2p3. fr limits. The major gaps in the optical lightcurve are due te so
e-mail:wmcconvi@umd . edu lar conjunction. The grey band indicates the time of the mult
* supported by CAPES Foundation, Ministry of Education offira Wavelength campaign from May 22 to July 2, 2009.
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o= 2e-1 o HESS (>300GeV) T 7T ‘ ‘ E 2.2. High energy y-ray data from Fermi/LAT

““E [ h

§l'59 ! + + } . The Fermi Large Area Telescope (LAT) is a pair-conversion

g et t +++ } { f * ] gamma-ray detector sensitive to photons in the energy range
i Se-12- + } $ + $ ] from below 20 MeV to more than 300 GeV_(Atwood et al.

w S ‘+‘ . 2009). Launched by NASA on June 11, 2008, the LAT be-

5 4e-08 ® FermilLAT (200MeV-300Gev) ~ T T T T T T gan nominal science operations on August 4, 2008. The LAT

observations presented here comprise all the data taken be-
tween August 4, 2008 and June 4, 2010 (22 months), which
fully covers the H.E.S.S. observations taken from May 22 to
July 2, 2009. The LAT Science ToBlsersion v9r15 were uti-
e lized with the post-launch instrument response functioR§ )

3e-08;

300Gev)[CM

e-08)

+

F200mev.

o

=  RXTERCARCU2 (210ke R P6.V3_DIFFUSE. Events with high probability of being pho-

g 131 - tons, those from thdiffuseclass, and with zenith angles 105

o r The by, . 1 were selected. Time intervals during which the rocking angl
e ¢ ] (i.e. the angleFermi points north or south of the zenith on
il'le_mf ¢ po+ | alternate orbits during sky survey operations) was largant

- N S B | | 52 were excluded to avoid contamination from the Earth’s
% 1e1d » gm%g;aﬁfﬁﬁfﬁ;@ T limb. A cut at 200 MeV was used to avoid the larger sys-

9-11 . SwifttUVOT uvw2 (188 nm) tematic uncertainties in the analysis at lower energiegnEv
- . with energy between 200 MeV and 300 GeV, and within a
& 7e-11- i 4 10 region of interest (ROI) centered on the coordinates of
= 4 PKS 2005-489 were analyzed with an unbinned maximum like-
e O S S R SR lihood method|(Cash 1979; Mattox et al. 1996). Some sources
14e-1q o ATOMR-band (640 nrj | | | ] from the 1FGL catalod (Abdo et/al. 2010) were located outside
| the ROI but close and bright enough to have a significant im-
1 pact on the analysis. These sources have been taken intaraicco
\t* pedtet 44 ““. 7 in the analysis. The background emission was modeled using
i standard Galactic and isotropicfiise emission mod&sThe
i e 1FGL catalog/(Abdo et @l. 2010) and a Test Statistic (TS, wher
time / JD TS = —2Alog(likelihood) between models with and without the
Fig.2. Lightcurves of PKS 2005-489 during the multi-sour(?e) map of the region aro_un_d PKS 2005-489 were used to
wavelength campaign from May 22 to July 2, 2009 with obsellqeé]gf%g Hzgz)%pfégt sourcesa/wlt hén the ROI. The lpomtfst«}f]msf
vations by the Cherenkov telescope array H.E.S.S., the @amrﬁnE — No(E E- T were modeled using a power law ot the form
ray space telescopgeermi, the X-ray satellite®lRXTEand Swift (E) = ,0( / o) ) . . )
and the 75-cm optical telescope ATOM. For a better dispay, t The likelihood analysis reveals a point source with a high
u and uvw2 band data Bwiftare shifted by=0.5 days. For the statistical significanceof o« VTS > 20). The best-fit po-
H.E.S.S.RXTEandSwiftlightcurves a nightly binning was usedsition of this point source was calculated witfindsrc
and theFermj/LAT lightcurve is shown in a 10-day binning. (232000 = 20"09"25.05, 632000 = —48°4944.4") and has a 95%
containment radius of.%, consistent with the coordinates of

PKS 2005-489. The highest energy photon associated with the
source has an energy €f180 GeV and was detected on March
10, 2009 (i.e. before the start of the H.E.S.S. observations
The highest energy photon detected BBrmyLAT during the

The H.E.S.S. experiment consists of four imaging atmét.E.S.S. multi-wavelength campaign has an energy®® GeV
spheric Cherenkov telescopes, located in the Khomas Hidghlaand was detected on June 1, 2009.

Namibia (2316'18” South, 18630'00” East), at an elevation

of 1800 m [(Aharonianetal. 2006a). The observations on )

PKS 2005-489 have been taken with a mean zenith angle’of £73- X-ray data from RXTEand SwiftXRT

e e e o552 Obsenvatons with the Proportona Courter Aray £1C
calibrated as describedlin Aharonian €t ial. (2004) and aedly eﬁteer;?rrgr?g:azraG)éTEé\B/r?grﬁt,\a/‘lgyl %9232 owiﬁ eo gt?/:/?t(ra\d el)r:ptg_e

using thestandard cutsesulting in an energy threshold ef fo 4 K inti trictly simult ith d
400 GeV and following the method described in Aharonian et éﬂ:‘lﬁ OH E S SS gt?;ee?/:;[ig]r?é ﬁ]rgcny{ ﬂguDiget%utshév'hi go?
(2006a). After the standard quality selection 13 h of livedi qf y R.E.S.o. . hi ghts. itional gites f
remain. A total ofNoy = 953 on-source anblorr = 5513 df- % PK? 2(3;)5(1_45(‘;9) dlé“ng tt_IS Carrppalgbn, ad:ilLlona '-'lc—r?rtghet ;3(
: R _ pportuni 00) observations have been taken wi e X-
source events with an orfimormalization factor ofr = 0.0932 ray satellitesSwiftandRXTE The XRT detector (Burrows et al.

were measured. An excessNf = Non — aNogr = 439y-rays, 1 . . :
corresponding to a significance ofd&following the method of 2(.)0(;’) or:jbo_ar_dSwm obser(\j/eq mh photon-counting (Pi) and
Li & Mal 1983), results for PKS 2005-489 within the whole obYVNdowed-timing (WT) mode in the energy rang @ 10 keV

serving period. Th&keflected-Regiomethod |((Aharonian et al.
2006a) was used for background subtraction of the spectrum. httpy/Fermi.gsfc.nasa.ggss¢datganalysigscitoolgoverview.html
The same data have been analyzed usindtardint calibration, 2 httpy/Fermi.gsfc.nasa.g¢ssg¢datdaccesgat/

resulting in compatible results. BackgroundModels.html
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2.1. Very high energy y-ray data from H.E.S.S.
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on June 1 and June 24 with3 ks each. Th&XTEToO obser- spectively. The contribution of the host galaxy to the meadu
vations were performed from June 30 to July 3, 2009. flux is small compared to the correction for extinction andgwa
For the data analysis of the data obtained VRIKTEand not taken into account.
Swift, the software package HEAS®ivas used.
Only RXTEPCA data of PCU2 and the top layer 1 wer .
taken into account to obtain the best signal-to-noise ratie 25, Optical data from ATOM

data were filtered to account for the influence of the Soutthe 75-cm telescope ATOM (Hauser ellal. 2004), located at the
Atlantic Anomaly, tracking @sets, and electron contaminatiorH E.S.S. site in Namibia, monitored the flux in the 4felient
using the standard criteria recommended by RXTE Guest filters: B (440 nm), V (550 nm), R (640 nm) and | (790 nm)
Observer Facility (GOF). For the count rate-0B ctg/s for this  according td Bessell (1990). The obtained data have been an-
observations, the faint background model provided byRXEE  alyzed using an aperture of 4adius and dferential photom-
GOF for count rates 40 ctg's was used to generate the backetry with three nearby reference stars from the USNO catalog
ground spectrum witlpcabackest and the response matricegMonet & et al! 1998) to determine the apparent magnitudes.
were created witpcarsp. The host galaxy of PKS 2005-489 is a giant elliptical galaxy
The second instrument onboaRKTE the HEXTE (High with a brightness of 18 mag (R-band) and a half-light radius of
Energy X-ray Timing Experiment) onboaRXTEis measuring 56" (Scarpa et al. 2000). In order to correct for the host galaxy
in the energy range 15 to 250 keV. For PKS 2005-489, a signight, a de Vaucouleur profile of the galaxy was assumed and
was detected only in the sum of all observations during the-carescaled to the aperture used in the ATOM photometry. To cal-
paign. The fit of a power law to the combined PCA and HEXTEulate the influence of the host galaxy in the B,V and | filtiee, t
spectrum gives the same result as for the PCA spectrum aloggectral template for a nearby elliptical galaxy by Fukaeital.
The combined fit is dominated by the more sensitive PCA detgg995%) has been used. The galactic extinction calculatethéo

tor with a better signal to noise ratio. Hence, the HEXTE spe&TOM filters is negligible compared to the host galaxy contri
trum is not discussed further. bution.

For the Swift spectral analysis, XRT exposure maps were
generated withkrtpipeline to account for some bad CCD
columns that are masked out on-board. The masked hot colurBnJemporal analysis
appeared when the XRT CCD was hit by a micrometeoroid, _ )
Spectra of théSwiftdata in PC-mode have been extracted with"€ multiwavelength observations taken from May 22 to July 2
xselect from an annulus region with an outer radius og'0 2009 were used to search for variability during the phasegsf h
at the position of PKS 2005-489, which contains 90% of tH&X. The lightcurves of this campaign are shown in Eig. 2.

PSF at 1.5 keV and an inner radius-0f0.1’ to avoid pileup.
An appropriate background was extracted from a circulaoreg g 1. variation in different energy bands
with radius of 3 nearby the source. For the WT-mode, appropri-
ate boxes+4 1.6’ x 0.3") covering the region with source pho-Very high energy emission has been detected with a mean flux
tons and a background region with similar size were usedto & F(> 300GeV) = (6.7 + 0.5) x 10** cm?s™* for the
tract the spectra. The auxiliary response files were cresitbd time of the campaign. The measured flux levekis2 times
xrtmkarf and the response matrices were taken from3ét  brighter than during the detection of this source in 2004 by
package of the calibration databasd db 4.1. 3. H.E.S.S.I(HESS Collaboration 2010). While no significango
A power law of the formF(E) = No(E/Eg)™" was used to term trend is detected during the six weeks of observatians,
fit the X-ray spectra of each pointing obtained RXTEin the —constant flux provides a poor fit withy&/dof=50/16 and a prob-
energy range-320 keV resulting in consistent parameters and a@bility of p < 0.1%. The nightly binned flux shows evidence for
average photon index ®f= 2.46+ 0.03. During this campaign, variability of about a factor of 2. The low signal to noiseioat
no significant change in spectral shape was found. The ddtaifloes not allow a precise determination of time scales.
spectral analysis and results are discussed in SEcibn 4.2. PKS 2005-489 was detected by the LAT during the period
corresponding to the H.E.S.S. multi-wavelength campaigh (
) = 69). Due to the rather faint HE emission, the binning of the
2.4. UV data from SwiftUvVOT light curve for the time period of this campaign was chosepeto
The UVOT instrumen{ (Roming et 4l. 2005) onbo&iftmea- 10 days. Within the limited statistics, no variations weeéstted
sures the UV emission in the bands u (345 nm), uvw1 (251 nf} these short time scales. .
and uvw2 (188 nm) simultaneous to the X-ray telescope with The high X-ray flux of PKS 2005-489 is comparable
an exposure of 1 ks each. The instrumental magnitudes arf@_the historical maximum of 1998_(Perlman et al. 1999;
the corresponding flux (conversion factors/see PooleleoaBy Tadliaferrietal. 2001). The X-ray flux increased by 10% with
are calculated withivotmaghist taking into account all pho- the first 2 days of the campaign and decreased until the end of
tons from a circular region with radiug §standard aperture for the campaign back to the initial flux level. .
all filters). An appropriate background was determined fmm  The nightly binned u, uvwl and uvw2-band observations
circular region with radius 40near the source region withoutWith the SwiffUVOT detector do not show any variation.
contamination of sources. The high optical flux measured by ATOM in all 4 filters
The measured UV fluxes have been corrected for dust dl:creases monotonically by 20% during this campaign. The
sorption using E(B-V3:0.056 mag/(Schlegel etlal. 1998) and th&olors remained constant with averages of 8-R36 mag, V-
A/E(B - V) ratios given in_Giommi et al[ (2006) resulting inR= 0.78 mag and R< 0.08 mag. _ .
a correction of 35%29% 24% for uvw2, uvwl and u-band, re-  The long term lightcurves of the optical and Hiay emis-
sion of PKS 2005-489 over 22 months is shown in Eig. 1. The
3 httpy/heasarc.gsfc.nasa.gdecgsoftwarglheasoft maximum in the optical band is clearly identified at 2454930.
4 httpy/heasarc.gsfc.nasa.gdecgheasaraldlycaldh intro.html JD. The Fermj/LAT light curve displays a variation in the
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monthly binning with an amplitude similar to the optical iear

tion. A fit with a constant flux results in a poor descriptioriwa pigg. ; : ; : ; 5
x?/dof=41/17 and a probability op < 1%. The decrease in the — E
second half of the light curve has a significance @f5¢-. In the r ]
monthly binning of the light curve, the identification of theax- =N |
imum is uncertain by 30 day. Considering this, it is marginally 9

=

*—
5 o —
1 1 IIIIIII

consistent with the maximum of the synchrotron emission.

3.2. Correlations

rg cnm? s
10—12

T
i
5"
—=- e
=
T
1 IIIIIIII

The highest flux measured in the X-ray band seems to follow th&,
high flux measured in the optical before the beginning of this™
campaign. In both wavebands a slow decrease could be mea-
sured over the time period of this campaign, where the dptica
flux decrease by 20% and the X-ray flux by 10%. The cor-
relation codicient (also known as Pearson’s correlation) of the
optical R-band from ATOM and the X-ray flux frofRXTEis 24 26
0.7 for the full time range. Considering only the decaying pa log(v [Hz])

of the X-ray lightcurve, this factor increases to 0.96. Amhpa
of similar amplitude could not be detected with thermjLAT

10—13
T
|

10—14

N
N
N
(o]

Fig. 3. They-ray energy spectra of PKS 2005-489 covering the
due to the large uncertainties inverse Compton peak of t_he spectral energy distributian. |
Interestingly, the variation.in the VHE flux, e.g. the incsea b_Iack, they—r_ay spectral{ermyLAT_as butterfly and H'E-'S'S' as
’ N circles) of this simultaneous multi-wavelength campaignde-

in flux between 2454978 and 2454982 JD is not seen in the Si= - 1~ - grey open symbols, historical and time-averaged d

”?“'t.a.”eous X-ray an_d opt_|cal observations which do not Vab¥e shown: triangles represent tRermjLAT spectrum from
significantly during this period. 22 months of observations and the squares show the intdgrate
HESS spectrum extracted from observations from 2004 to 2007
(HESS Collaboration 2010). Dark grey bars denote the WHE
ray spectrum of 2009, corrected for the absorption by theaext
For the first time, simultaneous observations from optical galactic background light. The size of the bar reflects thibdst
VHE have been obtained on PKS 2005-489, providing a veand smallest correction, including the statistical andesystic
good coverage of the emission peaks seen in the spectralyenemncertainties, using the modelslby Aharonian et al. (20@6i)
distribution (SED) (see Fil 3 and FIg. 4). Franceschini et al. (2008).

4. Spectral energy distribution

4.1. Spectral data in the y-ray range

The measured very high energy spectrum by H.E.S.S. (&#ay, UV and optical observations is shown in Figy. 4 for com-
Fig.[3) during the period of this campaign, can be descrilyed Barison. Most noticeable in the comparison is the indicatb

a power law N(E) = No x (E/Eo)™") with a normalization of @ cutdt in the VHE spectrum of this campaign and thé&etient

No = (2.14£0.25a¢-0.45y9x 102 cm2 st TeV-1atEy = 1 TeV normalizations which suggest a change of the inverse Campto
and a spectral index df = 3.0 + 0.1g+ 0.2y (¢2/dof = 13/4 peak to h|ghgr energies in 2009. _The VHE spectrum resulting
). The subscripts refer to statistical and systematic uaier 10M this multi-wavelength campaign and from 2004 have been
ties. A power law with an exponential cfavith a normaliza- COrTected for the absorption by the extragalactic backyou
tion of No = (1.1 % 0.6gar % 0.25y9 X 10011 em2 5! TeV-! at light (EBL).usyng the model by Franceschini et al. (2008) and
Eo = 0.5 TeV, a photon index df = 1.3 + 0.6g5+ 0.25ysand a  3'€ shown in Fid.J4. . _ .
cutaf at Ecyr = 1.3 + 0.5¢i5 TeV is @ much better description ~ The averagedrermyLAT photon spectrum during the time
than the simple power law. of this campaign is fitted by a power law for which the

This VHE spectrum has been corrected for the absorpormalization constanfNo is (0.62 + 0.04stat + 0.0Zy9 X
tion by the extragalactic background light using the mothgls 10~*°cm=2 st MeV, the spectral indeX is 179 + 0.05; +
Aharonian et dl[(2006b) anhd Franceschini et al. (2008)idriF 0.07sys andEo = 2385 MeV is the energy at which the cor-
the minima and maxima of this correction are shown to ilatstr relation between the fitted values of the normalization taomts
the uncertainties of this correction. Since the measurémen and the spectral index is minimized. Changing the model®f th
rors cover the uncertainties usingfdrent EBL models, only spectrum to a log-parabola does not improve the quality @f th
one model has been chosen for the overall SED shown ifFig spectral fit significantly. Spectral points were obtainedilyyd-

The time averaged very high energy spectrum from 200ig the data into six equal logarithmically-spaced energyds.
2007 (shown in Fig.13) can be described by a power law withAaseparate likelihood analysis was run over each band. For al
spectral index of = 3.2 + 0.165t1+ 0.1y CONsistent with the sources in the model of the region, the index was frozen to the
one obtained during this campaign but does not show signtficiime-independent best-fit value, and the flux was left fraeaty.
curvaturel/(HESS Collaboration 2010). PKS 2005-489 is too faint in the HE band to obtain spec-

During this campaign PKS 2005-489 shows a marginaltyal points for the epoch of the H.E.S.S. multi-wavelengime
harder TeV spectrum than during its TeV detection in 20Qzaign. A 1-sigma error contour (butterfly) was calculateithgis
(HESS Collaboration 2010) when the softest spectrum of a Téle covariance matrix produced during thel ike likelihood fit
blazar with spectral index df = 3.7 + 0.4star + 0.1sys was mea- (Abdo et all 2009). The full energy range (200 MeV - 300 GeV)
sured. This spectrum, obtained in 2004, with contemponasmeavas used for the fit but the butterfly was extended to only 50



6 HESS Collaboration: Simultaneous multi-wavelength caigypon PKS 2005-489 in a high state

GeV to include the highest energy photon detected during the
multi-wavelength campaign. =

The HE spectral points obtained for the 22-month period and SF
the butterfly calculated for the H.E.S.S. multi-wavelencgim- i
paign are shown in Fi@] 3.

= & F
th oL
4.2. Spectral data in the synchrotron range %
PKS 2005-489 was in a very high X-ray state during this carrg ?3 3

paign with a maximum flux comparable to the historical max;>
imum of 1998. The spectrum during the 2009 campaign was

determined from the sum of aRXTEand Swift observations. 5 F
In the energy range of.8— 20 keV it can be described bya 7 |
broken power law witH'; = 2.02+ 0.01,T, = 246 + 0.01, - F
break energy at.2 + 0.2 keV and a normalisation dfly = 5
i

(5.80+ 0.06) x 102 cm?stkev!tatEy = 1 keV (y%/dof
= 582/373), using the Galactic absorption a3 x 10?° cm2 log(v [Hz])

(LAB Survey,Kalberla etal. 2005) as a fixed parameter. Thig,, , Spectral energy distribution of PKS2005-489 during this
spectrum byRXTEandSwiftcorrected for the Galactic absorp- Siti-.wa\r/)elength cargn)::)aign with simultaneous observastibgyl
tion is shown in Fig[¥. The integrated flux between 2 and ]:EESS,Fermi/LAT, RXTE Swiftand ATOM (black symbols) us-

keVis Fo_ = (1.23+0.01)x 10 erg cn? st which is - M
a factor%fio kfg)o h(igher+than t)h>:a integra?ed flux of the XM iNg the time range shown in Fig. 1. The spectra shown here are

I ] .corrected for Galactic extinctiomyy absorption, and EBL ab-
Newton observation in 2004 (HESS Collaboration 2010) Wh'féorption. The size of the symbols for the optical data repres

tzhoeo?onochromatlc flux at 2 keV is 50 times higher than in the flux range measured. The deabsorbed X-ray and TeV spectra
TH X . had i i of PKS 2005-489 in 2004 (HESS Collaboration 2010), as well
€ two X-ray instruments haditierent sampling pattems. 55 nistorical IR and radio observations are shown in greg. Th

Since variability was detected during the entire campagoint 5.k | ; inth
spectral fit was obtained on June 1, 2009. The derived brtbggﬁ curves represent a one zone SSC model as described in t

ken power law model was fit, resulting in = 2.04 = 0.02,
I', = 250+ 0.07, break energy at.8+ 0.4 keV and a nor-

malisation Ofl\'02= (572+ 0.07) x 107 cm? s keV ™ at Radio observations of PKS 2000-489 with the Australian
Eo = 1 keV (y/dof = 493302), which is consistent to the Telescope Compact Array (ATCA) at the frequencies 8.6, 4.8,
fit of the summed spectra. The integrated fluWFig 1okev) = 2.5 1.4 GHz have been done from October 1996 to February
(123+£0.01)x 10 erg cn® s, 2000 (Tingay et &l. 2003). It was also observed with ATCA ia th

In Fig.[4 a dip at the low energy end of the X-ray spectruffequencies 18.5 GHz and 22 GHz in March 2002 (Ricci et all.
can be seen. As discussed by Godet et al. (2009), the mdst likB006) during measurements of all sources of the 5GHz 1Jy-
explanation for this feature is a detectdieet. catalogl(Kuhr et al. 1981).

The spectrum obtained during the historical maximum PKS 2005-489 is known to be variable in the synchrotron
on November 10, 1998 is described by a power law o@énge, therefore the historical IR and radio observatioasat
' = 235+ 002 with a flux of Fe-10kevy = 3.3 X taken into account for the SED modelling.
10710 erg cnt? s 1(Perlman et al. 1999). ThBeppoSAXspec-
trum, obtained eight days before on November 1-2, could be
fitted with a broken power law witlf; = 2.02 + 0.04,T, = 43 SED model

221 + 0.02, Epreak = 1.9 £ 0.4 keV (Fi-10kev) = 1.8 X The multi-wavelength data obtained during this campaigreco

101% erg cnt? s71 ) using a fixed Galactic absorption of24x  well the two emission peaks in the spectral energy distiobut

10%° cm? (Tagliaferri et al. 2001). Compared to the spectrakee Fig[#) allowing the simultaneous determination ofek

shape of these observations, the high energy photon indexegkrgies and fluxes of the two spectral components.

the broken power law detected in the 2009 campaign is higher A one zone SSC model using the codé by Krawczynskilet al.

(AI' ~ 0.3) and the peak is at a slightly higher energy. Since tf{g004) has been applied to create a model that can describe

spectrum at the time of the historical maximum was obtaingfde simultaneously observed multi-wavelength SED of thisc

with RXTEin the energy range 2 10 keV, a spectral break paign.

< 2 -3 keV cannot be ruled out. The specific spectral shape (broken power law) in the X-ray
IR observations have been obtained between Septembend is a strong restriction for the céitm the synchrotron emis-

28 and October 1, 1998 with the 2.5m Telescope at the L&isn and therefore limits the maximum energy of the electron

Campanas Observatory using the NIR camera with.24um),  distribution. The optical, UV and X-ray spectra describthg

H (1.65um), Ks (2.16um) (Cheung et al. 2003). The observedynchrotron emission restrict the parameters of the eledatis-

fluxes were corrected for the influence of the host galaxy tribution. This distribution can be described by a brokewgo

these bands and are shown in [iy. 4. PKS 2005-489 is also @gv with indicesn; = 2 andn, = 3, as well as the minimum

tected in the frequencies Ln, 25um, 60um with the Infrared E.;, = 7.9 x 108 eV (y = 1.5 x 10°), breakE, = 2 x 10'°

Astronomical Satellite (IRAS) as mentioned in the IRAS faireV (y 3.9 x 10%) and maximum energ¥max = 1 x 10

source catalog V2(Moshir[1990). eV (y = 2 x 10°). The high energy power law photon index

has been chosen such that the flat shape of the SED in the UV

5 httpy/vizier.cfa.harvard.eduiz-bin/Cat?Iy156A to X-ray range is reproduced. Theffdirence in indices of the
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broken power law follows the standard break due to coolifgetween May 22 and July 2, 2009. PKS 2005-489 was observed
(ng—ng =1). in a very bright X-ray state, comparable to the historicakima

In order to explain the measured inverse Compton emissiorum. The optical flux at the beginning of the campaign was also
in view of the large separation to the synchrotron peak, ¢he the highest in several years. For the first time such a high sta
maining parameters describing the emission volume were chio synchrotron emission for PKS 2005-489 was covered-by
sen as 15 for the Doppler factor, R 4 x 10' cm for the ra- ray observations witFermyLAT and H.E.S.S. Variability in the
dius and 2 G for the magnetic field. The Doppler factor of 15/HE y-ray emission and a decrease in flux in the X-ray and op-
was found to be the smallest possible to reproduce the meshsuical bands were detected. Considering a longer time rahg2 o
shape. The resulting SSC model can well describe the mehsurenths, variations could be detected in the pAEay band with
broadband SED. However, this leadsRts by a factor of~x 3 an amplitude similar to the variation of the optical emissio

larger (corresponding to a variability time scale of appr®x  The simultaneously measured hard HE spectrum connects
days) than the value determined from the variability timalesc well to the VHE spectrum resulting in a peak of the inverse
of a few days detected for the source. In order to correct thiSompton emission between 5 and~ 500 GeV. These char-
a Doppler factor of around 50 would be needed, but this woulgtteristics are compatible with the long term behaviouhawt
lead to a lower synchrotron peak frequency and theftirtdhe ray band, while the inverse Compton peak is at higher energie
synchrotron emission detected in the X-ray band can not be @@ring this campaign due to the higher VHE flux and the curved
scribed after adjusting the parameters to reduce the largesfl spectrum measured. The observed X-ray spectrum obtaimed du
resulting from the high Doppler factor. ing the campaign shows a clear break-at keV indicating the

The parameters of the SSC model optimized for the broaglstaf of the synchrotron emission. The hard photon index up to

band spectra are close to equipartition (kinetic energysiien the break energy is one of the maitfdrences of previous X-ray
is ~ 3x 10> ergcnt®, magnetic energy density is 2 X observations in a lower flux state.

1075 erg cn13), although this was not a restriction for the model.

Th f th i lect tained in th -~ These multi-wavelength observations cover well the two
€ energy of the emiting €lectrons contained In the eSSty g6 peaks in the spectral energy distribution. A omeezo

region of t?}‘? jﬁt’ that is fe.;F’E%”SiE'O%JW the broadband &i0mS 55 model was used to fit the broadband spectra. The charac-
up to very high energies, i X erg. teristic broken power law shape of the X-ray spectrum yields

Despite the overall match, this one component synchrotr et T 3
model is disfavoured by the variability characteristicg. ¢he ?e%?;r?gr]ia(;‘ (t)rl:éhsessgnrgg[j()e't[on emission, restricting thaume

variability time scale of some days, described in sediiom3. ) : : Lo
In comparison with previous observations in the X-ray and

light of the inability of the one-zone SSC model to explaia th _

variability, the use of such a model as a physical repretenta TeVﬂy-rar)]/ ran%e of (21084 (":cESS C(;Ilaborzﬂ}lon hZOlO), the X-

of the blazar jet should be considered an approximation. &Y flux has changed by a factor f 50 while the VHEy-
Or%y flux shows smaller variations by a factor-of2. This large

Comparison of the high synchrotron state in this 20 ; T _ S
multi-wavelength campaign to earlier observations wowdd rchange in synchrotron emission with very small changes-in in

quire changes to the SSC model. Between 2004 and 2009 PLése Compton emission is unusual for high-frequency pake
X-ray flux changed by a factor ef 50 and the spectrum change Lac objects. Especially the change_ in spectral sha_peen t.h
from a broken power law with photon indices Bf = 3.1 and -ray range between 2004 and 2009 is not reflected in the in-
I', = 2.6 and a break at.3 keV (HESS Collaboratidin 2010) to aVe'Se Compton range.
broken power law with photon indic&s = 2.0 andl’; = 2.5 and The prominent TeV blazars, Mrk 421 and PKS 2155-304,
with a break at 3.8 keV as can be seen in Eig. 4. During this tirh@ve been observed simultaneously in the X-ray and VHE band
the TeV emission showed small variation in flux with no signifiseveral times. An interesting aspect of study is the retatib
cant change in slope. No trivial change in parameters of tiee dhe X-ray and VHE flux during dierent flaring states of these
zone SSC model used to represent the 2009 multi-waveleng@rces. For PKS 2155-304 a cubic relatiéh (. F3) was
spectra can describe the steep X-ray spectrum measure@ldn 260und during a flare in 2006_(Aharonian et al. 2009a), which
The specific change in shape of the synchrotron emission p&agans that the VHE flux showed a much stronger variation than
can be sketched using indicesmf = 2 andn, = 4.8 for the the X-ray flux. For Mrk 421, a period with several flares oc-
broken power law of the electron distribution. But this wabul cured in 2001, which was covered by observationsRXTE
mean an arbitrary change of82of the photon indices lacking Whipple and HEGRAL(Fossati et'al. 2008). The resulting rela-
any physics basis. Multi-component models do not have tHigns of the X-ray and VHE flux changed frgén= 0.5 tog = 2
problem. However, given the wavelength coverage and the liff, o Fﬁ) (Fossati et al. 2008). The simultaneous X-ray and
ited signal-to-noise in fine time-bins, multi-componentdats VHE measurement of PKS 2005-489 in 2004 and 2009 exhibit
remain ambiguous. a different behaviour. The X-ray flux varies strongly while VHE
As shown in HESS Collaboratioh (2010), between 2004 afidxes hardly change which yiegi= 0.2. Contrary to the other
2005, the X-ray flux increased by a factor-ofl6 without sig- sources, this may imply that during the flare the electrorupop
nificant increase of the TeV flux. With the large X-ray flux statlation changes such that the IC scattering occurs predartiyna
detected in 2009, theflierence in the X-ray flux to 2004 is muchin the Klein-Nishina regime, which has loweffieiency for pro-
higher (factor of~ 50) with still only marginal increase of theduction of TeV photons, while it is (largely) in the Thomson
TeV flux by ~ 2. regime during quiescence.

The huge changes in synchrotron emission with small
changes in inverse Compton emission over the years between
low and high flux states in the synchrotron branch of PKS 2005-
A broadband multi-wavelength campaign on PKS 2005-4889 challenge the applicability of a one zone SSC model ® thi
with, for the first time, simultaneous observations in theBA4  source. A similar conclusion about the limitations of a @ose
ray (by H.E.S.S.), HE-ray (FermyLAT), X-ray (RXTE Swif), SSC model was reached for the multi-wavelength campaign on
UV (Swiff) and optical (ATOM Swif) band has been conducted”KS 2155-304 (Aharonian etlal. 2009b). Results such as these

5. Summary and Conclusions
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emphasize the need for sustained or repeated multi-waytblerperiman, E. S., Madejski, G., Stocke, J. T., & Rector, T. A4,%ApJ, 523, L11

campaigns to measure spectral variability.
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