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Current View O s
Blazars (BL Lacs and FSRQ) are radio-loud AGN with their jets
practically oriented towards the observer-
7} N L I I I I I I | 1 | | | ! I | I I |
Rgrri%vr\: Lol " HBL (High peaked blazar, or blue blazar)
g | LBL (LO\’\ peaked blazar, or red bhzm;)
E \
Broad Line B // \
Region ~ LBL & FSRQ y, \
' o 0 N HBL S s
st/ NN \
Accretion g \ A \
Disk A l // i ]
st 1 &7 yd
o - I .0'.. ‘-". :
.y
1C_)bscuring - S
orus i Me\ T
" Radio IR Opt UVEUV X-ray '/-rqSAdaPte‘HtF Y ?{\é‘”)
T TN YRR SO A TN TN TN TN N SO SUT SO S SN
, 10 1S 20 25
(Urry & Padovani 1995) , Log Frequency (Hz)
The standard Model The Spectral Energy Distribution
tosti@pg.infn.it Workshop on Blazar Variability across the 2

Electromagnetic Spectrum, April 2008



“Classical” definition of Blazars

FSRQ & BL Lacs share the following properties :

variability over many timescales (from <1 day to years) and
frequencies;

*high and variable optical polarization;

flat spectrum and core dominant morphology in the radio;
*broad band continuum extending from radio to gamma-rays.
The main difference between the two blazar classes:

— FSRQ emission lines: strong and quasarlike
— BL Lacs emission lines: weak when present

tosti@pg.infn.it Workshop on Blazar Variability across the
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Blazar Spectroscopy O s

BL Lac is often not a BL Lac ob ject

e R B e U ”
\ | 04144000 251 042240056 i RS EA T DA &
2
__ 08 fv
L
18
Hoa o o ®
“ 04 1 15
< Ll
02 06 1997-.)\1»-27
P % SR S SR I Lo [ ¥ R TP IR I 1 :
4000 6000 6000 7000  HOOO 4000 6000 6000 7000  BOOO
N o S — l‘:— >
=
g
w
-‘
=
<
°
=
% o
o
1997-Nov-30
ol 1995-Aug-24
s | s 1997-Nov-14
'°F oraerory foan i 07544101
Wy I | a
TE‘ | ;:)‘\/‘JQ : ; 3
- L
. g L]
I e { 1995-Jul-07
05 oo | £ S 2}
i o (Vermeulen et al.
{
1 y . kbl i PR 1 } IR
[N IV IS TR N B 5§ DI TS DU B L] 2 1995 CorbetZOOO)
4000 60O 6000 7000  BOOO 4000 5000 7000 8000 6400 6600 6800 !
Wavelength (A) Wavelength (A) Wavelenath (A)

o e Cominvnd

Falomo et al 1 994 Figure 1. The observed spectrz of BL Lacertae before coerection for

Galactic extinction and contamination by the host galaxy. Note the large
change in comtinuum flux over the 30-month peried

tosti@pg.infn.it Workshop on Blazar Variability across the 4
Electromagnetic Spectrum, April 2008



A
Spectroscopic Monitoring: AO 0235+16 S

Provide Important information on different components of an AGN. Only
A few studies on this subjects.

The source was in a faint state,
, and a broad Mg Il emission line
ol was clearly detected in all specitra.
The flux of the line showed an
overall variation by a factor 1.9,
while the continuum flux density

changed by a factor 4.3.

The line Flux is independent of

the optical continuum (as in BL
Lac, 3C 279 and 3c273)

(Raiteri 2007)
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A
Blazar variability studies started 40 years ago..... V'Y .

« 1968 (40 years ago) - BL Lacertae is identified as the optical
counterpart of the radio source VRO 42.22.01 (Schmitt, McLeod &
Andrew)

« Starting of the the first long term optical monitoring program (see Smith
1996)

« Starting of the first long term radio monitoring program(see Aller et al.
1996)
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Blazar Variability 0 e

Blazars variability is observed at all wavelengths from radio
through TeV gamma-rays.

Blazar variability show:
*long-term trends (timescales of several years)
short-term outbursts (weeks to few years)

Intranight (microvariability), intraday (IDV) variations

See e.g.: Wagner & Witzel(1995), Smith (1996),UIrich,Maraschi & Urry (1997),
Miller (2006)
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Long term Monitoring program 0 e
Forward Monitoring:

« Rosemary Hill Observatory Monitoring program started by
A. Smith (e.g.,Pica et al. 1980; Webb et al. 1988; Pica et
al. 1988)

* Asiago Observatory (e.g., Barbieri et al. 1979);,

* Turku University Observatory (e.g., Sillanpaa et al. 1988;
Sillanpaa et al. 1991)

« Hamburg Quasar Monitoring

Backward Monitoring:
« Analysis of Archival Plates (see Hudec's poster)

| apologize for omissions
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Historical Light Curves e

Historical Light Curve (1906—2004)
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Historical Light Curves S

" - . Mkn 421 - 1900-1991
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Fig. 1. a The long-term light curve of Mkn 421 from 1900 to
1991. The discontinuity of the light curve between 2435000 and (Liu et al. 1997)
2439000 is due to lack of observations
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Historical Light Curves

Historical LC of the BL Lac object S5 0716+714, spanning
the time interval from 1953 to 2003.
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NUMBER OF QUASARS

NUMBER OF QUASARS
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Historical Light Curves: OJ 287 Periodicity -

Historical V-magnitude light curve of OJ 287 (1891-1997)
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Possible 11 yr periodicity in the historical light curve of
OJ 287 over a century of observations (Sillanpaa 1987).

To confirm this periodicity: OJ 94 Project
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Ongoing Monitoring programs (partial list ) O s

. Long Term Monitoring | apologize for omissions

— Perugia (http://astro.fisica.unipg.it/ see Ciprini et al. poster)
— Colgate (http://astronomy.colgate.edu/astronomy/quasaroptical.html)
— Turin (http://www.to.astro.it/blazars/)
— Rome (http://astro1.phys.uniroma1.it/scae.html)
— Tuorla (http://users.utu.fi’lkani/1m/index.html)
« Mid-term Campaign on selected Sources

— 0J 287 2005-2008 Campaign (http://www.astro.utu.fi/OJ287MMVI/
see Ciprini et al. poster)

— SMARTS Consortium
— GASP (see Raiteri et al. poster)
— GTN

— REM blazar Monitoring (see Impiombato et al. poster)

* Intensive Monitoring
— WEBT (http://www.to.astro.it/blazars/webt/ see Raiteri et al. poster)
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First Blazar monitoring with a Robotic telescope (see Ciprini’s poster)
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-
Perugia Blazar Monitoring: TSA 0 e

Variability is generally intermediate between flicker and Poissonian noise
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OJ 287: 2005-2008 Campaign

OJ 287 optical photometry (since 01 Nov 2005)
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WEBT Coordinated Campaigns:BL Lac

BL Lacertae (July 16 — August 12, 2000)
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WEBT Campaign:BL Lac 2000

BL Lacertae (August 8-9, 2000)
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IntraDay Variability (IDV) 2.

« |IDV was already observed in 1970s.
Confirmed at end of 1980s by Miller
al. (1989) (see also Carini et al. 1990) ] ey

YU K
‘‘‘‘‘‘‘

« A complete review of the observed flux ' |
variations (across the em spectrum) of o
a few tenths of magnitude over the
course of a day or less was given by
Wagner & Witzel (1995).

Flux density [rel units)

« Several recent observational program 10 - | \ .
have been devoted to this kind of I ‘ : .
studies (favorites also by the telescope _
TAC policy with respect to long term ke T TR T T

monitoring) ). D. - 2640000

F1G. 1.—Optical (top) and radio (bottom) light curves of the BL Lacertae
object 0716 + 714 (linear scales). In both light curves the mean flux density was

o Microvariability Studies can help to set to 1, and fractional deviations from the mean are plotted on the y-axis.
place limits on current models of the .
origin of these small timescale (Quirrenbach et al. 1991)
variations and on the size of the
emitting region.
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IntraDay Variability (IDV) 2.

EMSS EXOSAT 1 Jansky
lo | 1 1 | | | ] | |
AN .
= 7 2 -
- g ;
20
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15 :— [ o
= o
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[=: o L
5 7= N N - ]
0y = ]
Lol l_l—l M | llllHl_l ﬂll
Fig. 3. Histogram showing the distribution of the sources showing 0 10 20 30 S0 60 70 80

IDV (shaded), the sources variable only on time-scales longer than the ml Im lxl
observing run (open) and the non-variable sources (black) among our
three samples observed. Note the clear difference in the distribution

between the XBL (EMSS, EXOSAT) and RBL (1 Jansky). Heidt & Wag ner 1 998

* Ingeneral IDV is present at any flux level of the sources.

 Howard et al. 2004 found that the microvariability observations the objects, Mrk
421, Mrk 501, 3C 345, and BL Lacertae, were correlated with the long-term light
curves, and that the presence of microvariability occurred more frequently while
the flux was changing.
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WEBT Coordinated Campaigns:3C 454.3 O s
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Figure 4.  X-ray, optical, and radio/mm-wave light (111\ s of 3C 279. Ar-

kn s 11]) to 2004.3
uﬁ gaps in the rmu
er et al. (2004) and

rows give times of known ejections of supe 1]11111 nal rad
Ejections in mid-1996 may have been missed because
coverage of VLBA observations, Data are from Marsch
Marscher et al. (2006).

(Marscher 2006)
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Cross-Correlation of flaring states

Workshop on Blazar Variability across the

The great problem in interpreting
multiwaveband light curves: How
can we associate high and low
flux states at one frequency with
those at another?

Can polarization information help?

*See D’Arcangelo et al. 2007 for
some recent results on PKS 0420-
014

«Jorstad’s talk

*Marscher’s talk
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Optical Polarization

OJ 287 optical photometry & polarimetry (since 01 Nov 2005)

« Polarization is a basic U - e I
property ~ of  photons,like LRl (A S
15 Eaeg UL : ¢ g Trebur -«
frequency. wl B M 1 8
« High degree (up to 30%) and =L 5 TR Laen
variability of the optical sl 8 T
polarization is one of the S IS AT T SRR
defining properties of blazars. i gl D5 xR
Y . g’ 13
° However Only a feW J;mI 06 JulIOG s Ja207 Ju!](l? ‘4 JanFO.B
. . . 160 [ @ r‘% ﬂﬁ»':g gk 1 }'{ 3 i"KVAKgAB .
polarimetric ~ studies  are I SO AR -
available lacking a lot of g oo iy
information! R, ol
0 .": ; ce &
“k s EETIRTE- W 3’.-!‘2—

JD - 2400000.0

0 -
5370052800539005400054100542005430054400  Courtesy of Kari Nilsson

(Tuorla Obs., Finland)

How can we increase the number of polarimetric observations of blazar?

(see e.g.. Angel & Stockman 1980, Smith 1996 for reviews)
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PKS 2155 - 304: IUE Observations [ o

Less than 20 sources have been monitored in UV (Edelson 1993)

PKS 2155-304 and 3C 273have been studied in details
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Day of Nov 1991

Workshop on Blazar Variability across the

Day of Nov 1991

Urry et al. (1993)
Edelson (1992)
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PKS 2155 - 304: IUE Observations S

P
i ;"«g , 4 | “Variability is detected on
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e
:E; 15 § A . . .
o more rapid variations are
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Pian et al. 1997
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count rate (107 ¢ se

count rate (107 ¢ se

Extreme-Ultraviolet Explorer (EUVE)

Jarvary 1998 3C 273 Ught Carve LE/LAP Camaero (1, =2e25d)
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1994 January and 1995 January observations of 3C 273 (Ramos et al. 1997)
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EUVE- Mkn 421 INFN_
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FiG. 3—1995 April 25-May 13 Decp Survey light curve binned over

one average EUVE orbit (~ 5544 5), The flare, decay, and quiescence inter- FiG. 11—EUV source flux vs, energy index (x) for the power-law com-
vals are marked, ‘ ponent of the power law plus Gaussian model.

*The source exhibits a flare like behavior
*The strong EUV variability is correlated with soft X-ray and TeV-
energy emission

(Cagnoni & Fruscione 2001)
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Optical & NIR
observations

In 2005 Dolcini et al.
reported a flare in
PKS 2155-304 which
was more prominent
in the H band than in
the V band

(see Impiombato et at.
Poster)

tosti@pg.infn.it
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Far-Infrared Variability: IRAS S

See Impey & Naugebauer (1988) for a discussion
of the far infrared variability observed with IRAS)
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A
PKS 2155-304: ISO Observations S

SRR ik The infrared spectral shape of PKS 2155-304 was sampled, using
420 Lo lin 4 T 16 filters, from 2.8 to 170 mm.
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.

al. 1997).
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Far-Infrared Variability: Spitzer O s
Optical data from T. Balonek (Colgate), Swift data from A. Tramacere, OVRO data from K. Grainge & A.

Readhead et al., Spitzer data from A. Wehrle and P. Ogle, SMA data from M. Gurwell. NED data includes
ISO data from Haas et al (*). (notice that low states observed with Spitzer and ISO are virtually identical!)

10 E T T T T T T T T T =
- NED: 1979-1995 =
B 2005 Jun 30 — Jul 27 ]
1ok . Complex and
: ¢ /» 1 variable
2T , /1 Structure in Far-IR!
55 10125_ %,;;k b ;\*% _§
= : £~ : - 7 : :
i , S 1 Long term MW studies will
[ e | be fundamental in next
10" o .
= ik swe, ] years:
T : < OVRO SMA MIPS IRS IRAC OPT CHANDRA i
Ny 1 Planck, Herschel, GLAST
| are on the ramp....
10 | A ! ) l ) | ) |
1010 1012 1014 1016 1018
Observed Frequency v {Hz)
Figure will appear in Wehrle et al. 2008, in preparation.
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GLAST- LAT & Blazars

Coverage of about 20% of the sky at any
instant with good sensitivity

The entire sky will be observed every 3

hours

Uniform exposure in survey mode

Broad energy range (20 MeV — 300

GeV)
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UPopulation Studies

Daily sampled LC can be easily obtained for
most of the bright blazars - Variability on
timescales >= 1 day can be well investigated.

Qintra-day (hours) variations can be detected
for the brightest gamma-ray blazars.

U Detailed spectral variation analysis and
intrabands delays studies may be performed

O Multiepoch SEDs can be obtained.

Simulation of a daily light curve
as will be measured by the LAT
for 3C279 . The inset displays
the true F(E>1 GeV)/F(E<1 GeV)
hardness ratios versus the
measured ones.
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MW - Planned Intensive Campaings .
(1-3 months)
Source Name Epoch Campaign
(mm,yyyy) Manager
PKS 0528+134 02/11,2008 B. Lott
3C 279 01,2009 G. Madejski
Mrk 501 Ongoing
1ES 1959+650 05-10,2008 | D. Paneque
Mrk 421 03-05,2008
PKS 2155-304 07- 08,2008 B. Giebels
BL Lacertae 08-09,2008 G. Tosti
Other Sources of interest for MW-PIC
PKS 0735+178 , PKS 0537- 441, AO 0235+164, OJ 287, PKS 1510-08
S5 0716+714, W Com (ON 231), 3C 66A, 3C 454.3
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GLAST MW Info and Coordination

. Multiwavelength observations are key to many science topics for
GLAST.
GODDARD » NASA Homepage SEARCH GLAST:
. GLAST welcomes collaborative efforts from observers at all , SPACE FLIGHT CENTER it e

wavelengths
—  For campaigners’ information and coordination, see :
*  http.//glast.gsfc.nasa.qov/science/multi GLAST N \\‘.u B

«  https://confluence.slac.stanford.edu/display/GLAMCO The Gagliy Large Area Space Telescope

G I = . B T

Multiwavelength Observations
—  To be added to the Gamma Ray Multiwavelength Information + Gamma-ray Multiwavelength Mailing List Archive
HA B Please contact Dave Thompson or J.D. Myers to be added to the mailing list.

mailing list, contact Dave Thompson:

Overview « Multiwavelength Observations Reporting Form
° DaVIdJ. Thompson@nasa.gov Thatrmants * GLAST Guest Investigator Program Cycle 1 Announcement
« Data Released by the LAT Team During the First Year
Science Support Center LAT Monitored Sources (Preliminary)

« LAT Multiwavelength Coordinating Group

. . . Sci Worki G
—  For Information for Multiwavelength Observers about Working SSteSiEarg Sress o Sefanian R osemarie Bciimirk
: . Hulthwavaiangth « Large Area Telescope (LAT) Properties
Wlth the LAT Team See' o GLAST Burst Monitor (GBM) Properties
. https//conﬂuenceSlacstanfordedu/d'splay/GLAMCO GRB/SF Science Team « Planning, Operations, and Data Policies (from the NASA Announcement of Opportunity)
G/GLAST+ LAT+MU|t|WaVe|ength+COOrd|nat|ng+GrOup Rescuides + Operations Concept Document - See document number 433-OPS-0001 on the MCDL

+ Project Data Management Plan (in preparation)

o GLAST Science Support Center
o GLAST Telescope Network
+ Multiwavelength Contacts: Dave Thompson (General), Steve Thorsett (Pulsars)

https://confluence.slac.stanford.edu/download/attachments/3169/Guidelines_Outside_ Observers5.pdf

See Lucy’s poster on how we can better share information and
stay updated about ongoing MW campaign and observations
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WEBT/GASP observations of S5 0716+71 O s

Happy Birthday AGILE! (See Dammando’s poster, Tavani's talk tomorrow)
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“..For the first time, a unexpected features: optical excess
contemporaneous optical-radio and the UV drop-and-rise.

outburst was followed in detail.”

(Villata et al. 2008)
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The complex variability pattern of the SED of a Blazar & “*=
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