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Preface

The second Meeting of the "European Network for the Investigation of Galactic nuclei through Multifrequency Analysis" (ENIGMA) took place from October 11 to 15, 2003, at the Royal Sporting Hotel located in the beautiful seaside village of Porto Venere, near La Spezia, in north-western Italy.

In total, 26 participants from the 8 European teams involved in the Network were present, and during the three working days we had 27 scientific talks, a "Young researchers session" in which the newly-appointed ENIGMA fellows discussed their research programmes, a "Team leaders session" dedicated to organization and financial aspects of the Network, and two sessions on past-ongoing as well as future observing campaigns, which are the tools through which we expect to achieve the ENIGMA scientific goals.

We took a bit of relax the last evening, when we went for a boat trip around the three little islands (Palmaria, Tino, and Tinetto) in front of Porto Venere, followed by a guided tour of the village in the magic framework of twilight.

The Meeting went on in a very friendly atmosphere, which is the best starting point towards a fruitful collaboration.

These Proceedings are a collection of the Meeting electronic presentations that were gathered directly on the spot. They are meant as a work record that can be useful to the Meeting participants to remind what was discussed, and especially to those ENIGMA members who could not participate, to let them know what was presented.

As a conclusion to this brief note, we want to thank once more all the ENIGMA participants for their contribution to the Meeting success.

Claudia M. Raiteri and Massimo Villata
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Introduction by the Network Coordinator
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[image: image5.jpg]2" ENIGMA network meeting

Welcome to Portovenere!

Welcome to the young researchers in the ENIGMA
network (Emmanouil Angelakis, Dimitris Emma-
noloupolous, Dina Manolakou, Luisa Ostorero,

Mirko Tréller) and the other new members.

ENIGMA is a FP5 RTN on Quasar Variability,
organized by 8 European teams (and several
associate teams/members) to understand the
enigmatic behaviour of Blazars.
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[image: image7.jpg]ENIGMA

One of three Astrophysics Programs in 2 round
Eight teams from six countries:

(LSW, MPIfR, TU, HUT, OAT, OAB, IASA, CIT)
and several associated teams and members.

Objectives: Training, Research, and Networking
Added value beyond existing collaborations

http://www lsw.uni-heidelberg.de/enigma.html

Six scientific themes (sessions 1-6 at this meeting)
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* Six topical themes (tasks):

* Toward automated, fast, and accurate
photometry.

® Separating intrinsic and extrinsic intraday variab.
® Variations of source structure and flux.

* Radiation processes at high energies.

® Particle acceleration in MHD outflows.

® The power of jets.




[image: image9.jpg]Why are we here?

There is work to do.
The science programme:

proposal/contract/web-page list targets.

An implementation plan has to be set up.
Goals and Milestones have to be specified.
Aim of the science session.
Introduction (=reminder & status)
plus talks and discussions shall generate a first
draft of implementation plan/roadmap (what, when)
Further discussion: who, how?




[image: image10.jpg]Additional action items:

* Young Researchers' session
* Monday morning (closed session).
* Team leaders session (closed session)

® Past, ongoing, and future campaigns
(free format discussions of the first 3 completed
projects, two ongoing campaigns, and several
forthcoming activities. Other suggestions?)

* 3rd ENIGMA meeting, 1* ENIGMA school
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https/www.Isw.uni -heide Iberg.de/enigma. himl

® Linked pages:
enigmavac.html
enigmasci.html

* Comments, corrections,
and additions welcome.

* On-line editing at this
meeting




Session I: Towards automated, fast, and accurate photometry
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Task 1. Towards automated, fast, and accurate photometry  –  N. Smith

[image: image12.jpg]TASK 1

Towards automated, fast, and
accurate photometry

Convener: Niall Smith (CIT)

Deputy: An Enigma.....





[image: image13.jpg]Original Proposal Statement

Currently most optical monitoring programs are run by observers specifying
individual exposures, achieving accuracies of about 1% with sampling times of a
few 100 to 10 000 sec.

In order to improve the quality and quantity of optical monitoring, the network
aims at determining a better understanding of the parameters that affect the
quality of the photometry of point sources in differential photometry and
implementing programs that allow measurements with accuracies close to the
photon flux limit.

In parallel it aims at an assessment of the technological requirements for robotic

telescopes and practical implementation of a network of robotic telescopes that
shall be operated by several teams of the network.




[image: image14.jpg]A Second “Big-Bang” Is Coming...

=]

second
Big-Bang

Do WE have a plan???




[image: image15.jpg]ENIGMA network has much expertise in photometry
already

WEBT

Perugia Monitoring Programme
Tuorla

Abastumani Programme
Heidelberg

Cork

How do we distribute the knowledge?

How do network groups reduce theirtlaieiet e niye




[image: image16.jpg]Questions!

How do we reach the photon limit on photometric
precision?

What are the factors that currently cause the
limitations?

flatfielding

guiding

undersampled psf's

seeing (changes)

CCD non-linearity

focus shifts

intra-pixel variations

cosmic rays




[image: image17.jpg]Questions!

Simple example:

If stellar image covers 10 pixels on CCD
with a well depth of 350,000 electrons

then

total electron count is 3,500,000

yielding

photometric error of 0.58mmag (~0.06%)

Systematics
deriving
Johnson

maghnitudes
between
observers





[image: image18.jpg]More questions!

How do we perform precision photometry on AGN with
resolved hosts (e.g., the TeV emitters)?

How do we prepare for high-time resolution photometry
and the Gbytes of data generated -« 112

What should be the priority targets for monitoring
campaighs

well-established sources ?
new sources (e.g., RASS-FIRST sources) ?

New approaches to pipelining — e.g., neural networks




[image: image19.jpg]Yet more questions

What is the be<! role for small, robotic telescopes

off-the-shelf commercial instruments up to 60cm ?
upgrades to existing instruments (e.g., KVA)

How do we coorclinai= a network of robotic telescopes?

Can it be achieved < iomic 11?2

How might we fund instrument development within the
ENIGMA network?




[image: image20.jpg]“Data” Needed

Interchange of information, within the ENIGMA network,
on hardware and software projects undertaken and
planned by observational groups.

Reduction methodologies — is there an optimum
way?

Results of new technologies — what's the best way
forward?

What else???




[image: image21.jpg]« Automatic management of data from robotic
telescopes will become the horm.

Are WE Ready?




[image: image22.jpg]Milestones

1a: A better understanding of the parameters that
affect the quality of differential photometry of point
sources

1b: Implementation of programs that allow
measurements close to the photon flux limit (or as
close as modern CCD technology allows)

1c: Assessment of the technical requirements for
robotic telescopes

1d: Practical implementation of a network of
robotic telescopes operated by members of the
network
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1aa: A better understanding of the parameters
that affect photometry in blazars with resolved
host galaxies — the TeV problem

1e: Definitive tests of theory
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FAST PHOTOMETRY

PRECISION PHOTOMETRY

ROBOTIC TELESCOPES
INTENSIVE MONITORING

COORDINATED MONITORING




[image: image25.jpg]Implementation

Fast photometry
(%

Fast-readout conventional CCDs
Large Data volume storage
Access to large telescopes

Precision photometry
How reliable?

Reduction methods

Laboratory tests

Software pipelines

Point source and host-galaxy dominated




[image: image26.jpg]Robotic telescopes
Home-built

Commercial

Software used
Home-grown or commercial?
What platform?

Dynamic linking of telescopes

Intensive monitoring
Access to guaranteed time

What type of equipment available?
Harmonising the results through calibration.

Coordinated monitoring
Who is the prime co-ordinator?

How do we decide upon targets?
Are flaring sources always best?




Observations of blazars using EMCCD technology  –  N. Smith, A. O’Connor, J. Howard, A. Giltinan, S. O’Driscoll, S. Wagner, M. Hauser
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Dr. Aidan O’Connor
John Howard
Alan Giltinan

Stephen O’Driscoll

Cork Institute of Technology

Prof. Stefan Wagner

Marcus Hauser

LSW, Heidelberg




[image: image29.jpg]High Precision RELIABLE
Photometry of Blazars

A role for EMCCDs?





[image: image30.jpg]Technical Drivers

« RELIAELE CCD photometry of blazars

« during major flares (rare)

« during “quiescent” phases (more common)

e PRECISE CCD photometry of blazars

« at mmag level

¢ TIMESCALE of minutes
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u Science Drivers

« RELIABLE detection/characterisation of
« microflares (ultra-rapid events lasting few minutes)
« structure within the flares (large and small)

« Structure Function down to short timescales

Implies a requirement for high precision, reliable
and fast photometry





[image: image32.jpg]EMCCDs

= New readout architecture using a GAIN REGISTER
= E2V - L3 Vision
=Tl - Impactron

Conventional CCD bl

oncnp
Aupliir

N’ Serial register

Serial register
Gain register
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[image: image34.jpg]Tn this diagram we see a small section of the gan register
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[image: image35.jpg]SNR for Conventional CCD

Conventional CCD SNR Equation
SNR = Q.LL[QL(T+Boy) +1N2

Q = Quantum Efficiency
I = Photons per pixel per second

Integration time in seconds
Sky hackground in photons per pixel per second
Amplifier (read-out) noise in electrons RMS

Trade-off besween readoss speed ind reddont #oise
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LLLCCD SNR Equation
SNR = QILF, [QLE, (I +Bey) +I/C12] %

= Gain of the Gain Register
F, = Multiplication Noise factor=0.5

With G set sufficiently high,
this term goes to zero, even at
TV frame rates.

BUT

Readout speed and readonut noise sre/decoupled




[image: image37.jpg]L3 CCD

m L3 CCDs are most effective when used under low-light levels
= photon counting (small telescopes)
= high time resolution  (big telescopes)

m L3 CCDs are outperformed by conventional CCDs at “high”
light levels

Liicen





[image: image38.jpg]a L3 ENIGMA Campaign

DV887A (Andor Technology)

- 512x512 pixels, 16um/pixel @

- Well depth ~250,000 e

- Readout noise 30 at G=1
<1 at G=200!

- 10MHz readout rate @ 14 bit resolution
- 1MHz readout rate @ 16 bit resolution

- Two-stage thermoelectric cooling to —75 °C




[image: image39.jpg]Field of 0954+658

Uncrowded fields

Gain = 1000
Exp. =155





[image: image40.jpg]E!ﬁ Clock Induced Charge

How is the photometry affected by CIC?




[image: image41.jpg]% Clock Induced Charge

Texas Instruments

How is the




[image: image42.jpg]Subsample of Results

Differential Lightcurve of 0716+714 over 10 minutes





[image: image43.jpg]Time averaging — PG0716+714

Reduced x? values for 4 stars from 4576 frames,
with a duty cycle of 1s.

3 frames

Number of seconds averaged




[image: image44.jpg]Time averaging — PG0954+658

Reduced x? values for 4 stars from 1786 frames,
with a duty cycle of 4s.

Number of seconds averaged
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a Our unstable atmosphere

Mrk501 imaged at CASS focus of 2.2m
with integration time of 100ms reveals
significant atmospheric turbulence




[image: image46.jpg]% Field of 0716+714

Gain =200
Exp. =035

A\ Saturation effects
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[image: image48.jpg]26,493 frames of 0716+714
(February 2003)

@ — Rbor. pgO716-67 0 0 1 1 1 1 0.0 Erse.: 1.00 600 5 Ap: @





[image: image49.jpg]Stability of Reference Stars





[image: image50.jpg]Mini-flare in 0954+658
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=~ Conclusions

Preliminary results suggest L3 has good prospects
for use in high precision photometry

Did not achieve photon-limited photometry from
individual frames (due to CIC?)

Potential to generate enormous quantities of
data very quickly even on small telescopes

Multiple windowing — Roper Scientific
Bigger Chips — Texas Instruments
Accurate timing

Do we need these frame rates?
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Optical & radio analysis of radio intermediate quasar – PG 1718+481  –  M. J. Howard
[image: image52.jpg]+: EMSSG
Environmental Monitoring & Space Science Group

Optical & Radio analysis of Radio
Intermediate Quasar — PG1718+481

Enigma Meeting - Portovenere, Italy 2003

M. John Howard,
Environmental Monitoring & Space Science Group,
Cork Institute of Technology.
IRELAND

Research Partners
Landessternwarte, Heldelberg, Germany
University College Cork

University College Dublin
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Environmental Monitoring & Space S

Overview

Quasars (Intermediate) - what are they and why do we investigate them?
Acquiring data and the reduction steps

Optical Light Curves

Radio Map of PG1718+481

Conclusion
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Environmental Monitoring & Space

1 - What is a Radio Intermediate Quasar (RIQ)?

Loud Quasar - down throat of
jet - highly energetic - high
amplitude variability in optical
Quiet Quasar - no jet
Intermediate Quasar - At best
low amplitude variability
expected

Hence, reason for high
precision photometry

Weak optical Jet or not???
Possible answers to jet
formation?
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* Radio luminosities of quasars form a bimodal distribution
Radio Loud - highly energetic powerful jets —

Radio Quiet — possible supernovae in a highly compact
environment - (Terlevich et al., 1992)

Semne e

« 10<R<250

002 6007 16 33 T 1 5 W0 30 40 M DT
®

Falcke 1996




[image: image56.jpg]RQQ’s with flat radio spectra — common for RLQ’s with Jets

3t

Barvainis 2000
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Environmental Monitoring & Space Science Group

* Bvidence for RIQ’s
— six RIQ’s (Falcke et el., 1996 a,b) i @
— relativistic boosting g
— Lorentz factors of 2-4
— suggestive of low power jets

* IIzw 2 (0007+106) — superluminal motion
(Brunthaler et al., 2000)

+ 3 objects — high brightness temp - ~1010 K
& compact cores (EVN & Merlin)

« High brightness temp & compact cores
appears to rule out starburst models. ..

Falcke 2000
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Environmental Monitoring & Space

Radio-Loud / Radio-Quiet
dichotomy

Why do only 10% have jets?

+ RIQ’s could represent a link between radio-QUIET quasars and radio-LOUD
quasars....
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2 — Optical Data Reduction

+ Over the past decade astronomy has experienced a “data-
explosion” — envelope for high end projects at TByte
volumes

+ Trend has affected more modest projects — data from a week
long observing run on a medium sized telescope now
approaches GB volumes. — Example, recent run to Calar Alto
took 340 GB

+ Recent emergence of L3 CCDs will exacerbate this problem

* Feasibility of visual interaction with the images in our data
sets will diminish
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Ultra High Precision Photometry

« Differential Photometry compares brightness changes of quasar with master
reference star

« From raw frames to light curves - two programs
- Photmate (. O Driscoll) — Generates an aperture magnitude file for

entire data set

- Qar (A. O Connor) - Creates differential light curves from
photmate text file
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3 — PG 1718+481 in the R-Band

Two nights of data with L3 « Data was windowed —
CCD camera at Calar Alto improved readout rate

Night 1 - 19/20 — sep 2003

+ Kinetics mode on night 1 — 2.5
4530 frames in 15 minutes

times faster then normal night 2
(5 frames per second) ety

Night 2 - 20/21 — sep 2003
1715 frames in 15 minutes
(2 frames per second)

+ 7 reference stars for accurate
photometry

Total = 6245 frames in 30 mins
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Q-Rbar nightly averages

+ Q-Rbar nightly |
averages

+ Very small error bars

« No variability within

afew milli ma;
& Error bars + 1.3 milli mag

Error bars + 2 milli mag

Days
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Q-Rbar — night 1 & 2 - Ssec averaging

4530 frames in 15 minutes 1715 frames in 15 minutes




[image: image64.jpg]+: EMSSG
Environmental Monitoring & Space S

Star 2, 3 & 7 stability

Days Days

Days
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4 - PG 1718+481 in the Radio

EVN Data taken on Nov 9% 2002

Project by Niall Smith, John Howard & Denise Gabuzda (UCC)

Telescopes involved: Medicina, Efflesberg, Westerboork, Noto*, Onsala,

Torun, Jodrell Bank, Urumqi* & Sheshan (*=failed)
5 GHz (6 cm)
RIQ - List
Name RA (1950) DEC (1950) 6 CM FLUX 1
(mJ)
PG 0007+106 00:07:56.70 10:41:48.2 155 0.09
PG 1718+48 17:18:17.7 48:07:10.5 164 0.02
PG 2209+18 22:09:30.43 18:26:59.0 117 0.7
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Reasons for study
« Test hypothesis that radio emission of these sources is associated with Doppler
boosted intrinsically low power jets

+ Place better constraints on the brightness temperatures of individual compact
components

+ Determine the degree of ordering and orientation of the magnetic field in the core

region and inner jet (Polarisation studies)

« IF the jets of RIQ’s are relativistic but have modest bulk lorentz factors
- VLBI polarisation properties similar to BL Lac objects
»BL Lac B field perpendicular to the jet axis

- Evidence points towards these jets being of relatively low power
compared to quasars
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Analysis by Puschell et al.

. 52 -
* 6 om observations by Ca7 v

Puschell et al. (1986) o

+ 70% flux — unresolved
component

* 30% flux — curious
structure — faint jet?

DECLINATION

O d

+ Concluded that any
extended emission — much
weaker than normal radio

Q

2 5 " ,
galaxies 566 564 562 560

RIGHT ASCENSION
100 mas
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Analysis by Caccianiga et al.

* 6 cm EVN+MERLIN
observations by Caccianiga
et al. (2000) revealed a core
component and a secondary
component (jet?) separated
by 21.9 mas

20 mas
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Environmental Monitoring & Space Science Group

Final Map

* 5 GHz Map
+ Core — 3 mas x 3 mas

« Extended feature 4 mas from core
&~ 60°?

+ Similar direction to Caccianiga
and Puschell radio maps §

« European telescopes alone — check
for seconday component on
Caccianiga map

6 mas
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Environmental Monitoring & Space

Conclusion

+No variability within 1 milli mag from night to night or within a night
for PG 1718+481

+ Some structure from inner component (6 mas) at 5 GHz

+ Make a map with European telescope to look for secondary component

* Produce maps of IlIZw2 and PG 2209+18





Optical monitoring in Torino and near-IR observations at TIRGO  –  S. Crapanzano, M. Villata, C. M. Raiteri, L. Lanteri, N. Marchili
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[image: image73.jpg]Opﬁcal monitoring in Torino and
near-IR observations at TIRGO

Stefania Crapanzano,
M. Villata, C. M. Raiteri, L. Lanteri, N. Marchili

Torino Astronomical Obsérvatory

Via Dsservatorio, 20 — 10025 Pino Torinese (TO) Italy

Image credit; NASA/Honeywel Max Q Digital Group, Dana Berry
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Systematic multiband optical photometric

monitoring of blazars from November 1994
.
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[image: image76.jpg]'Characteristics of the REOSC

Primary mirror:

Secondary mirrog:

Filter wheel 1:

Filter wheel 2:

diameter 1050 mm;
paraboloidal shape;
focal length 9943 mm

plane; linear obstruction 60%

UBVRI std (Johnson-Cousins)
photometric filters

narrow band filters




[image: image77.jpg]Scancam CCD Camera

Poun of Berlin

Designed and built by
(Deutsches zentrum fur Lift und Raumfahrt)

m Loral 2048 x 2048 pixels
u Pixel dimension of 15 pm
= Field of view of 10 x 10 arcmin
= Image scale of 0.3 arcsec/pixel
= Working temp. of — 94°C .
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CLIENT/SERVER ARCHITECTURE

THREE CONTROL SYSTEMS:

Observatory Control System,

Telescope Control System,
Imager Control System
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[image: image81.jpg]" IR observations at TIRGO





[image: image82.jpg]Characteristics of the TIRGO

Primary mirror: diameter 1500 mm

-

Secondary mifror: wobbling

Filters: J, H, K
narrow band filters

-
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[image: image84.jpg]Observing runs at TIRGO

18 — 24 December 2002 run
0219+428, 0235+164, 0851+202,
1226+023%, 1253-055%*, 2200+420

7 — 14 March 2003 run

0851+202, 1226+023*, 1253-055%, 1510-089*

* Alan Marscher’s program




Session II: Separating intrinsic and extrinsic intraday variability

IDV optical monitoring: What can we do?  –  C. M. Raiteri, M. Villata, on behalf of the WEBT collaboration
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Interpretation of intrinsic/extrinsic IDV  –  S. J. Wagner
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[image: image96.jpg]Interpretation of
intrinsic/extrinsic IDV

Stefan J. Wagner
Landessternwarte
Heidelberg
Germany

Portovenere. 2" ENIGMA meeting October 12, 2003




[image: image97.jpg]Intra-Day Variability IDV)

IDV: Variations on time-scales of 100 000 sec.

Radio-IDV at face value implies r ~ D200 AU,
and thus very high photon densities.

Photon densities <=> brightness temperatures





[image: image98.jpg]Limit to photon densities

Efficient particle acceleration leads to high urd,
and thus to efficient IC scattering.

Self regulation through IC catastrophe
L T 55 T 55
(-
Lo — 05 (L) v [1+05 (%))

Variability implies high photon-density/compactness.
Maximum value: log T ~ 12




[image: image99.jpg]The IDV problem:

IDV: Variations on time-scales of 100 000 sec.

z~1,8S~0.1Jy, v~5 GHz

Inferred brightness temperatures up to 10”K,
i.e. >100000 above IC limit!




[image: image100.jpg]Possible solutions

Concept wrong

Distances wrong
Fluxes wrong
Diameters wrong
Limit invalid
Limit wrong

Extrinsic mechanisms

Non-cosmological redshifts
Relativistic amplification
Geometry

Ongoing IC catastrophes
Radiation mechanism




[image: image101.jpg]Interstellar Scintillation:

Inhomogeneities in ISM lead to refractive distortions
of EM waves (interstellar scintillation).

Flux density variations well studied in Pulsars.

Properties of IS screens not well
constrained/understood

Unavoidable contribution to radio variability




[image: image102.jpg]Intrinsic variability?

Radio-optical IDV

Rad

Is this a chance coincidence (not always correlated)?




[image: image103.jpg]Flux Density (arb. umls)

Broad band correlations

Correlations between different energies
and lags are not universal (and not even
persistent within a single source)

Edelson etal., ApJ 438, 120 Urry et al., Apl, 476, 69:
PKS 2155304 v ow o





[image: image104.jpg]Broad band correlations

Correlations are not persistent. o

This does NOT imply, that they
are by chance. b
Not all flares are similar.

There is steep spectral evolution. R
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[image: image105.jpg]Separating ISS and intrinsic IDV

1.) annual variation (confirmed)
2.) lags between different stations (confirmed)
3) diffractive scintillation (probable)
in sources with little intrinsic variations




[image: image106.jpg]Time-scales of variability

Structure functions: P = kt™
with break on time-scale

t ~ 100 ksec (~1 day)

over a wide frequency range
in many sources
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[image: image107.jpg]Intrinsic IDV dominates ?
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[image: image108.jpg]IDV photon density problem:

Extrinsic mechanisms: Interstellar scintillation

Non-cosmological redshifts: Stellar absorption lines
Geometry: Camenzind, Qian, Salvati, Protheroe
Relativistic amplification: 2 ~ 100 required
higher than observed
energetics
absorption
(Begelmann, Sikora, & Rees)
Radiation mechanisms: Coherence?
Ongoing IC catastrophe Loss channels ?




[image: image109.jpg]Relativistic motion

Hypothesis (Rees, 1966, Woltjer, 1966):
relativistic potential related to relativistic outflow,
with resulting Doppler enhancement.

Higher fluxes, shorter timescales, smaller sizes
and higher apparent photon densities.

Prediction: Relativistic motion in jets.

Confirmation by VLBIL: superluminal motion.




[image: image110.jpg]Problems with high Doppler factors

Maximum values in direct observations: ~20!
but...
Marscher et al. find up to ~50;
Jets might decelerate fast (Compton drag);
VLBI might not probe the jet flow;
fast spines of low rad. efficiency in slow VLBI jet;
etc.,
however:
self-absorption limit (Sikora et al.) [GRBs, PWN],
very high kinetic powers required [so what],
o LEIER oo




[image: image111.jpg]Compactness problem II

At high energies there is an analogous problem:
High energy photons (E>1 MeV) pair-annihilate on
background field of soft photons.
Co-spatial high density photon fields of gamma-ray
radiation and low-energy emission are opaque at
high energies.

Fast variations require Doppler beaming

GeV: D~ 1-10 (as in VLBI)
TeV: D~ 50 (exceeding VLBI-D (~50))




[image: image112.jpg]Maximum photon densities ?
ISS also implies high brightness temperatures.
Precise determinations difficult (ISM properties),
but log T ~ 13.5 -14 are in excess of [CC-limit.
Diffractive scattering suggest log T ~ 17

Extrinsic origins of variability: T ~ D (!)

ISS challenges the brightness temperature limit as
much as IDV does.
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Multi-frequency polarisation observations as tool for a better understanding of IDV  –  T. P. Krichbaum

[image: image113.jpg]Multi-Frequency Polarisation
Observations as Tool for a better

Understanding of IDV

Thomas P. Krichbaum, MPIfR, Bonn

Literature:
Qian 8.J., Witzel A., Kraus A., Krichbaum T.P., & Zensus J.A., 2001, A&A 367, 770.

Qian 8.J., Kraus A., Zhang X-Z., Krichbaum T.P., Witzel A., Zensus J.A., 2002, Chin.J.
Astron. Astrophys., Vol.2, No.4, 325.

Rickett B.J., Kedziora-Chudczer L., & Jauncey D.L., 2002, ApJ 581, 103.
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A change of the variability characteristics in the IDV source 0917+62
Kraus et al. 2000
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[image: image122.jpg]Example: IDV in 0917+62
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[image: image123.jpg]IDV of 0917+62 at 20 cm

May 1989, VLA + EB

« frequencies: 1.4, 2.7, 5, 8.3, 15 GHz
« sampling : ~ 1 hr
*m=5.7%, m,=11.6%, Apa=6-8 deg

Quirrenbach et al 2000, Qian et al. 2001





[image: image124.jpg]Polarisation and total Intensity are strongly correlated
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Qian et al. 2001 ™




[image: image125.jpg]0917+862

) a0 5 5 T

1 and P anti-correlate: 3 . 1
By o NP [ fa_ o ]

Feprmi an f gy Ak e o

£k & > Sl e
[ - ]
e %
P a— oo [ m s
e pommegee
o . [ ]
oo T

o hi i o BT

"ME--ig‘_ ;l‘.(, i3, LS "“. ]
+ i
L 3




[image: image126.jpg]Multi-component modelling

0917+62 @ 20cm

2 component model:

one steady component

one variable component

It = L+ &I L =Igtly

QY=Q+ &IMm,  Q =Ijymy +Lymy =as,
TO=TUp+ &Ilm, Uy =Lymy+Lymy

Py cos 2,
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i
3
b

The polarized flux is fitted,

but the polarization angle not.

— need a third component . Eroo i som,
Qian etal 2001




[image: image127.jpg]Multi-component modelling

0917+62 @ 20cm

2 component model:

one steady component

one variable component

It = L+ &I L =Lty
QY=Q*+&Im,;  Q =Lymy +1Iy
U =Up+ &I my Uy =Lgmy +Ly: *°
P cos 2N, ;

my = pasin2¥y 5 |
The polarized flux is fitted, -
but the polarization angle not. RISS model
— need a third component A L R R

Qian et al 2001




[image: image128.jpg]Multi-component modelling

3 component model:

one steady component

two variable components

It) = L+ L)+ %Lt)

Q) = Qp + &L my+ LO my
U() = Ty + L1 my + L0 my
time off set between & L(t) and ®L(t)

3 components fit much better

but still the PA - fit is not satisfactory.

i)

—adding 4 or 5 components

doesn't help





[image: image129.jpg]Multi-component modelling

3 component model:

one steady component

two variable components

It) = L+ L)+ %Lt)

Q) = Qp + &L my+ LO my
U() = Ty + L1 my + L0 my
time off set between & L(t) and ®L(t)

3 components fit much better 5 W"V')“ s
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[image: image130.jpg]Multi-component modelling

8;= 400 my, 120 Das, m=12%, K =0.63 days
;=300 mJy, 65Das, m=75%, K =0.34 days

0917+62 @ 20cm g+
=5+,
1
£
F o0

Epoch (4D-2440000)

3 component model fits intensity very well
Qian etal 2001
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[image: image132.jpg]Rapid Intensity and Polarization Variations in PKS 0420-385
8.6 GHz, June 8-10, 1996
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[image: image134.jpg]3 polarized components {3
(17 variable parameters) i;

this fits the Q-U cross
correlation (and therefore :°
the polarisation angle)

note: the closer the
screen, the lower Ty |

Rickett et al. 200:





[image: image135.jpg]Summary

* a multi-component model consisting of stationary and scintillating component of different
flux and size can explain the observed variations of total intensity and polarized flux at.

 highly polarized (10-70 %) sub-structure is required on mikro-arcsecond scales.

 the observed polarization angle variations cannot be explained in the Qian model (1 D)
but likely is explained in the Rickett model (2 D, anisotropy).

 after subtraction of the model, the residual polarized flux shows 3 features, of which 2
correlated with the variations at higher frequencies. This could be explained by RISS.

« For one feature, the residual polarized flux anti-correlates with the variations at higher
frequencies.

+ In scintillation theory (Rickett, Walker) correlated or anti-correlated variations are
possible. However a transition from correlated to anti-correlated would require a
wcoordinated variation® of at least 2 scintillating components.

* The observations could be also explained, if the polarized sub-structure changes on the
time scale between ,,correlated“ and ,,anti-correlated“ (days) or by shock-in-jet models (e.g.
Qian et al. 2002).

+ Examination of CCFs for I, Q, U at different frequencies does help to disentangle
scintillation effects from intrinsic variability.
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Elimination of confusing sources in Cosmic Background Imager fields  –  E. Angelakis, A. Zensus, T. Krichbaum, A. Kraus, A. Readhead, T. Pearson, R. Bustos, R. Reeves

[image: image136.jpg]Elimination of Confusing Sources in
Cosmic Background Imager Fields

Emmanouil Angelakis

Max Planck Institute fUr Radioastronomie

MPIfR: A. Zensus, T. Krichbaum, A. Kraus, E. Angelakis
CALTECH: A. Readhead, T. Pearson, R. Bustos, R. Reeves
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Cosmic Background Imager (CBI)

. Brief description

. The necessity of the 100-m telescope
Our Project

. The motivation

. Description

. Current Status

. Further goals
Immediate Future Plans




[image: image138.jpg]The Cosmic Background Imager
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ls | ated at Sam Pedro de
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[image: image141.jpg]Our Project: Mofivation
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[image: image142.jpg]Qur Project: Description





[image: image143.jpg]Qur Project: Description
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[image: image144.jpg]Qur Project: Description





[image: image145.jpg]Our Project: The "on-off" method
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[image: image146.jpg]Our Project: The "on-off" method
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[image: image147.jpg]Our Project: The "on-off" method





[image: image148.jpg]Our Project: The "on-off" method





[image: image149.jpg]Qur Project: Description





[image: image150.jpg]Qur Project: Current Status
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[image: image151.jpg]Qur Project: Further Goals
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Session III: Variations of source structure and flux

Introduction to Session III: Variations of source structure and flux  –  M. Tornikoski
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Structure and Flux

Merja Tornikoski
Metséhovi Radio Observatory




[image: image156.jpg]Goals

« High-resolution VLBI imaging.

« Long-term flux density monitoring
at all wavebands.

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image157.jpg]Methods

Dense monitoring & imaging.
Flux databases.
Multifrequency campaigns.
Millimetre-VLBI.

0

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image158.jpg]Present situation

Flux databases, multifrequency campaigns,
flare alerts:
ENIGMA multifrequency information web page.

Multifrequency campaigns:
Campaign session | & Il on Tuesday.

Millimetre-VLBI:
Campaign session | & Il on Tuesday.

Also:
analysis of existing data,
individual flares, statistics, etc.: ongoing!

Merja Tornikoski
Metsé@hovi Radio Observatory




[image: image159.jpg]ENIGMA multifrequency data and
campaign information web page

http://kurp.hut.fi/“mtt/enigma

1. Multifrequency campaigns: Past, present, future.
Epoch
Instruments
Contact person

(Past campaigns: status, whether additional data
is needed, etc.)

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image160.jpg]2_ Alerts about flaring blazars
Object
Observer, instrument, flux, comment
A “FYI" alert or plea for data?

3. Data access information
Instrument, frequency band(s)
Source lists and other information
Published: access, unpublished: contact person

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image161.jpg]See the following demonstration
and
help me update the info page
(+ help me keep it up to date)!

x Merja Tornikoski
{ Mets@hovi Radio Observatory




Radio variability of inverted-spectrum sources  –  M. Tornikoski, I. Torniainen
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[image: image163.jpg]Radio Variability of
Inverted-spectrum Sources

Merja Tornikoski
llona Torniainen

Metsahovi Radio Observatory





[image: image164.jpg]Inverted-spectrum sources

« GHz-peaked-spectrum (GPS) sources,
in general:

* Vymover > 1 GHZ.
Compact.

GPS+CSS: the least variable
class of compact extragal. objects.

Low optical polarization. :
Superluminal motion appears to be rare.
GPS sources identified with QSOs have large z's.

x Merja Tornikoski
{ Mets@hovi Radio Observatory





[image: image165.jpg]Our work: objectives

« Part of the Planck foreground science programme.
« Variability of known GPS sources.

« New GPS sources. T
« Extreme-peaked sources.

« Variable flat-spectrum vs.
“genuine” GPS sources.

« VLBI structure of high-peaked
sources.

ol
01 1 10 100

Tornikoskistal.
x Merja Tornikoski ARA120,2000
[ Metséhovi Radio Observatory £





[image: image166.jpg]Samples

« “Bona fide GPS sources”.
« GPS candidates.
-« “Sometimes inverted spectra”.

Southern sample + Northern sample
Long-term, multifrequency data.

« Comparison samples:
GPS galaxies, CSS-galaxies.

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image167.jpg]“Bona fide GPS sources”:
With long-term monitoring very few retain the convex shape!
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[image: image168.jpg]Effect of sparse data taking:
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[image: image169.jpg]Effect of sparse data taking:
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Merja Tornikoski
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[image: image170.jpg]Only very few genuinely convex spectral
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[image: image171.jpg]Torniainen & Tornikoski, in preparation for the A&A:
Lots of sources
with spectra inverted during flares!

Considerable variability in the mm-domain.
Turnover frequencies as high as >100 GHz.

During quiescent state the spectra remain flat
or even falling.

Probably a large number of such sources
have been excluded from high-frequency studies
and thus have not been identified yet!

Note: much less time is spent in the active state!

Merja Tornikoski
Mets@hovi Radio Observatory
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Sometimes
few-epoch observations
can reveal the frue (?)
variability!

(Time btw the 2

90 GHz data points
=14 years!)




[image: image173.jpg]Radio properties of BL Lacs,
Intermediate BL Lacs (IBL)

Goals:

« Systematically study the mm-properties of BLOs.
« Is there a continuity from subsample to subsample?
» Are there radio silent BLOs?
« Can radio weak BLOs be radio loud at times?
« How does this all fit within the framework of the
unifying scheme?
Original source sample:
Veron-Cetty & Veron 2000: 462 BLOs

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image174.jpg]Results

By July 2003: Observed 385 out of 398
equatorial to Northern BLOs = 96.7%.

For many of them, only one-epoch so far!
37 GHz detection limit ca. 0.3 Jy.
Detections:

ALL: 130/ 385; 34%

RBL: 49/ 56; 88%

IBL: 41/125; 33%

XBL: 28/ 103; 27%

Note: Some objects do not belong to any of the subclasses,
sometimes several classifications are assigned to one object.

Merja Tornikoski
Mets@hovi Radio Observatory
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[image: image176.jpg]BLO -- conclusions

« More than 1/3 of all objects, ca. 1/3 of XBLs detected
(S > 250-300 mJy) in one- or few-epoch
observations.

( =» detectable also with Planck-satellite!)

« Several highly inverted spectra.
« Variability?

Merja Tornikoski
Mets@hovi Radio Observatory





[image: image177.jpg]Conclusions

« Only very few genuinely convex spectra.

« Lots of sources with spectra that can
sometimes be inverted, many of them are
faint at low radio frequencies.
« A large number of sources that can be bright
in the mm-domain have earlier been excluded from
source samples.

Number of AGNs that can be bright in the

> mm-domain probably larger than expected?

Merja Tornikoski
Mets@hovi Radio Observatory





Quasi-periodic changes in the parsec-scale jet of the quasar 3C 345. A high resolution study using VSOP and VLBA  –  J. Klare, J. A. Zensus, A. Witzel, T. P. Krichbaum, A. P. Lobanov, E. Ros
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[image: image179.jpg]Quasi-Periodic Changes in the Parsec-Scale Jet

of the Quasar 3C345
- A High Resolution Study using VSOP and VLBA -

Jens Klare =
In collaboration with: . ‘
IA. Zensus i
A. Witzel
T.P. Krichbaum
AP. Lobanov
E. Ros





[image: image180.jpg]Content of the Talk

* The Quasar 3C345
*Overview
*Observations
*Kinematic study of the jet
*Flux density study of the jet
*The model

*Outlook





[image: image181.jpg]The Quasar 3C345 HST
- Overview - '
*7=0.595, m=16 ‘
* arcsec scales
compact region at the base ofa 4"jet; diffuse steep-spectrum halo
* mas scales
*VLBI monitoring since 1979 = long time study
score-jet structure
score (D): unresolved, optically thick, flat spectmm
stationary (Bartel et al. 1986)
sjet: 11 components (C1-C11), different curved tmj%c‘
variable superluminal speed (2-20¢)
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[image: image183.jpg]Jet Kinematics: Core -Shift
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[image: image184.jpg]Jet Kinematics: Trajectory of C7





[image: image185.jpg]Jet Kinematics: Trajectories of C8, C9
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[image: image188.jpg]Jet Kinematics: Ejection Position Angle
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[image: image189.jpg]Jet Parameters: Constant Lorentz Factor
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[image: image190.jpg]Jet Parameters: Increasing y





[image: image191.jpg]Flux Density Evolution: C7/C8/C10/C11
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[image: image192.jpg]Trajectory part of Flux Density Peaks

]
i
=}
°
=
K|
<
-2





[image: image193.jpg]Evolution of the Flux Density Peaks
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[image: image194.jpg]Flare Model, Lobanov & Zensus

OTotal flux a1 22GHz
Core flux at 22GHz

—— Plate model at 22GHz
BLO7S dara

Lobanov & Zensus 1999

1981 1984 1987 1990 1993 1996 1999
Epoch





[image: image195.jpg]Merging of Galaxies = Binary Black Holes?





[image: image196.jpg]Merging of Galaxies = Binary Black Holes?
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[image: image198.jpg]Binary Black Hole Model

Binary Black Hole model of Lobanov & Roland
2002:
C7: Kinematic and flux density evolution

i
orbital major axis 0.64 pc





[image: image199.jpg]Binary Black Hole Model

Binary Black Hole model results of Lobanov
Roland 2
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[image: image200.jpg]Results

1. Three new ejected jet components C9, C10 and C11.
2. Different component trajectories but similarity of
the C5 and C8 trajectory: Equivalent points are
about 8-10 years later for C8 than for C5.
3. Component ejection angles vary: Quasi-periodicity of
8-10 years. Long-term variation ofP.A.gj =2.6° £0.3° /year
4. Acceleration of the jet components. Lorentz factor rises
from 3 to 16.
5. Doppler factor rises from 5 to 30.
6. Angle to the line of sight changes down to: 3.5° >© > 0.2°.
7. Component flux density peaks due to Doppler boosting.
8. Component flux density peaks show quasi-periodicity
with a period of about 9 years.
9. Observations match with Binary Black Hole model
of Lobanov & Roland 2002:
Precession period in observers frame: 125 years (2.9° /year)
10. Rotation of jet or accretion disc: 8-10 years





[image: image201.jpg]Outlook

1. Continue VLBI monitoring to pursue our intensive study of this
particular quasar.

2. Several observations have been made at A=3 mm to supplement
our extensive study at core distances smaller than 100 garcsec.
Proposed: Global mm-VLBI Array observatiog
Angular resolution ~ 50 garcsec

3. Test the stationarity of the core: e
Phase-referencing program started with the VLBA to the nearby

quasar NRAO 512 (~ 0.5° apart) at 7 mm and 3 mm in 2002.
4. Test Binary Black Hole model with jet components C8 and C9.




Structure variability in 0716+714  –  U. Bach, T. P. Krichbaum, S. Britzen, E. Ros, A. Witzel, J. A. Zensus
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[image: image203.jpg]Uwe Bach

in collaboration with:
T.P. Krichbaum, S. Britzen, E. Ros, A. Witzel and J.A. Zensus




[image: image204.jpg]Facts about 0716+714

« 55 blazar and one of the most active BL Lac objects.

« Extremely variable on time scales from hours to months.

« Yet no known redshift. Optical imaging however suggests an
redshift of z > 0.3.

« Intraday variable (IDV) in the radio bands.

« Very flat radio spectrum, extending up to at least 350 GHz.

« Correlated variability over wide ranges of the electromagnetic
spectrum.

« VLBI studies covering more than 20 years show a core-
dominated evolving jet extending to the north.

« VLBI jet is oriented at 90° with respect to the VLA jet.




[image: image205.jpg]Observations

QOur analysis is based on 26 epochs:

« 4 epochs at 5 GHz between 1992 and 1999 from the CJF-
Survey (Britzen et al. 1999).

« 1 VSOP observation at 5 GHz from 2000 (own data).

« 3 epochs at 8.4 GHz from between 1994 and 1999 (Ros et al.
2000).

« 2 epochs at 8.4 GHz from 1994 and 1995 (own data).

« 5 epochs at 15 GHz between 1994 and 2001 from the VLBA
2 cm-Survey (Kellermann et al. 1998; Zensus et al. 2002).

« 7 epochs at 22 GHz between 1995 and 1997 (Jorstad et al.
2001).

« 4 epochs at 22 GHz between 1992 and 1996 (own data).
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[image: image207.jpg]The Model
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[image: image208.jpg]Component Summary

Comp # o [mas/yr] Bapp Ejection date
C1 4 0.857+0.125 14.294+2.09 1986.71 4 1.32
C2 5 0.631£0.097 10.51+1.62 1988.48 + 0.96
C3 8 0.616+0.040 10.27+0.67 1989.66 & 0.34
4 7 0.440+£0.013 7.324+£0.22 1989.77 £ 0.13
C5 7 04334+0.015 7.22+£0.26 1990.79 &+ 0.16
C6 9 0414+£0.018 6.90 = 0.29 1992.32 £+ 0.14
c7 17 0.366 £0.010 6.11£0.17  1993.21 £ 0.06
C8 11 0.321 £0.011 5.35 £0.18 1994.44 £ 0.06
C9 10 0.2654+0.015 4.414+0.24  1995.09 +0.11
C10 3 0.240£0.024 4.01 £0.41 1996.54 £ 0.24
C11 2 0.29140.029 5.11+0.51 1998.18 £ 0.31

2=03 Hy= 70kms ™t Mpr,’1 and gp = 0.5.




[image: image209.jpg]. Kinematics and Geometry

Using Bapp = 10.3 (C3) and adopting
Bsind

Papp = 1—pBcosb

we find

Ymin = \1 + Bpp = 10.3

Omax = 5.6°

which corresponds to a Doppler factor of:
5 =[(1 - PBeos0)) ' ~ 10.3

The Doppler factor is maximized at § — 0,
which yields:

Smax = 2y = 20.6

But for IDV § ~ 30 — 50:

5~ 16.1 - 25.6
0~ 1.0°-04°
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[image: image211.jpg]Variation of the ejection angle
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[image: image213.jpg]Summary

« We reanalyzed 26 epochs of VLBI data at 5, 8, 15 and 22 GHz.
« We obtained:
« a satisfactory model for the motion of the components, where
the components move with an average of ~7 c.
« a lower limit for the Lorentz Factor of ~10.3.
« a maximum angle to the line of sight of ~5.6°.
« but more probable are g > 15 and q < 2°, which correspond to a
Doppler factor > 20.

« We found a periodic variation of the ejection angle of ~6° in ~7
years, which seems to correlate with the VLBI core flux density.
« The ejection angle of hew components shows a weak
correlation
with the radio light curves at cm-wavelengths and the spectral
index.




[image: image214.jpg]VSOP observations of 0716+714





[image: image215.jpg]Observations

« 3 epochs (16 h) with 12 ground-
stations (VLBA, Effelsberg & VLA)
and the HALCA satellite.

« Separations of 6 days and 1 day.

« Nearly identical uv-coverage.

« ~0.25 mas resolution at 5 GHz. 2

» Simultaneous pointing scans in
Effelsberg.

v (100





[image: image216.jpg]Ground-array Maps
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[image: image218.jpg]VLBI vs. single dish
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[image: image219.jpg]VSOP Maps
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[image: image221.jpg]Summary

« The total intensity maps show a wiggling jet up to 3 mas from
the VLBI-core at the highest resolution of 0.5 mas x 0.25 mas.

« The flux density variations in total intensity during the
observations were around 4% and between the epochs of
~5%.

« In linear polarization the variations of the VLBI-core are up to
40% in 24 h.

« The sum of the VLBI-core and jet polarization shows similar
evolution as the single dish measurements by Effelsberg.

« In linear polarization the VLBI-core splits up in to sub-
components, which vary each by ~40%.

« Further analysis of the data will help to discriminate whether
the polarization variability is due to intrinsic variations of the
jetorif it is introduced by the Inter Stellar Medium (ISM).




The new 11 Jy radio outburst of NRAO 150: VLBI study at the resolution limit  –  I. Agudo, U. Bach, T. P. Krichbaum, W. Alef, D. Graham, M. Bremer, H. Ungerechts, M. Grewing, H. Teräsranta, A. Witzel, J. A. Zensus

[image: image222.jpg]The new 11Jy radio outburst of NRAO150
VLBI study at the resolution limit

U. Bach, T. P. Krichbaum, W. Alef, D. Graham, M. Bremer,
H. Ungerechts, M. Grewing, H. Ter#sranta, A. Witzel, J. A. Zensus




[image: image223.jpg]Introduction

Single dish radio monitoring
The VLBI study

Summary

Future work




[image: image224.jpg]* No optical identification

+ Probably due to extinction or
source confusion in the galactic

plane
+ Galactic latitude ~ 1°

* Studied since 1960 (first VLBL
observations by Clark et al. 1968)

+em-VLBI shows a jet extended
up to 30 mas to the North-East
(Kellermann et al. 1998)

+No X ray observations up to nov
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[image: image225.jpg]Single dish monitorings: UMRAO
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[image: image226.jpg]Single dish monitorings: Metsahovi

poch (1)




[image: image227.jpg]Single dish monitorings: Metsahovi and Pico Veleta





[image: image228.jpg]« Analysis of the 15 GHz
VLBI images from the 2 cm
VLBA survey.

+ Leads to source structure
variability study with ~0.5
milliarcsecond resolution

+ Observing epochs:

Feb. 1994 (5 GHz)
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[image: image229.jpg]The VLBI study: Evidence of moving helical pattern

Tntensity Ridgeline of the Jet at 15 GHz at 3 Epochs





[image: image230.jpg]The VLBI study: Evidence of moving helical pattern





[image: image231.jpg]New 8.4 GHz VLBI images

+ They show similar structure than previous 15 GHz VLBA images.
+ VLBI core much more intense. High dynamic range allow us mapping the jet





[image: image232.jpg]New 22 GHz VLBI images

+ They do not show the external structure, although the model fits show a
certain sub-structure in the core (consistent within the three epochs)





[image: image233.jpg]New 43 GHz VLBI images

+ We start seeing a certain perpendicular jet structure





[image: image234.jpg]New 86 GHz VLBI images:

« They provide the “highest angular resolution” of ~0.50 p arcseconds
« They allow the confirmation of the jet misalignment

+ They provide an accurate tool to study the jet nozzle evolution




[image: image235.jpg]The VLBI study: Extreme outer to inner jet misalignment

86 GHz Oct. 2002
43 GHz June 2003





[image: image236.jpg]The VLBI study: Extreme outer to inner jet misalignment

ot 2002
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[image: image237.jpg]« NRAO150 shows evidence of a moving helical pattern

+ Tt also show an extreme misalignment between the inner and outer jet

« There is new evidence of inner jet position angle changing

+ Also arelatively regular (probably periodic) long term flux density evolution

+ All the pieces of evidences suggest a PRECESSING JET

« If all the evidences are confirmed, we will be able of to extract important
information about plasma properties and hopefully about the central engine
(through precession models)

« For that, we will need a source distance measurement.

+ Xeray spectra could give a distance measurement,




[image: image238.jpg]+ Calibration and analysis of the 8.4, 22 and 43 GHz polarization VLBA
images, corresponding to the shown images.

« New proposals for 86 GHz VLBI and 43, 22 and 15 GHz polarimetric
VLBA observations have been sent the last 1st of October.

+ Continuation of the multi-frequency and polarimetric VLBI evolution
study.

+ Continuation of the single dish monitoring.




[image: image565.jpg]


New results from millimeter VLBI at 3, 2 and 1 mm wavelength. Present status and future possibilities  –  T. P. Krichbaum

[image: image239.jpg]New Results from Millimeter
VLBI at 3, 2 and 1mm
wavelength

Present Status and Future Possibilities

T.P.Krichbaum
Max-Planck-Institut fiir Radioastronomie, Bonn, Gemmany

e-mailitkrichbaum@mpifr-bonn. mpg.de.
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[image: image241.jpg]High angular resolution 3mm-VLBI
studies with global VLBI
at the shortest (mm-)

wavelength allow to
image with the finest
angular resolution
regions in AGN and
other compact sources,
which are self-absorbed
(opaque) at the longer
wavelengths.

In the next years: go from 3mm (86 GHz) to 1mm (230 GHz)




[image: image242.jpg]Angular and Spatial Resolution
of mm-VLBI

these scales correspond to a few ten to hundred Schwarzschild
radii, depending on distance and black hole mass !
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[image: image244.jpg]-5 ADAF model (Narayan et al. 1998)
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[image: image245.jpg]M87 (Virgo A) - From half a million light years
to 0.1 light years

With an angular
resolution of 50-70
pas at 3mm, the
observation of the
nearby radio galaxies
is of prime importance
for the understanding
of jet formation. For
these close objects the
highest spatial
resolution can be
obtained, and one can
look as deep as in no
other active galaxy into
the nucleus.





[image: image246.jpg]A rotating gas disk at the center of M87 (Virgo A)
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[image: image247.jpg]Relative Declination (mas)
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[image: image248.jpg]Cloan map. Array. EKSPFONIOWPIKpLOMK.
3274 ot 85,192 Gz 2002 dor 21

New upper limit for the size of the jet
base in M87:

234x 59 pas =23 x 6 light days = 67x 17 R,
transverse width of jet at 1mas: ~230 R,




[image: image249.jpg]Formation of extragalactic jets
from black hole accretion disk _ 2 /\





[image: image250.jpg]VLBI Terminal arrives

VLB sbserving with 6 phasedantennas





[image: image251.jpg]New: The Global Millimeter VLBI Array
45 Micro-Arcseconds resolution at 86 GHz

* 100m Effelsberg, Germany :
+ 6x15m Plateau de Bure, France
30 m Pico Veleta, Spain
20 m Onsala, Sweden

* 15 m Metsihovi, Finland





[image: image252.jpg]Antenna Properties at 86 GHz

Station Country |Diameter|Zenith Tsys| Gain |App.Eff.| SEFD

[m] KKyl % | K
Effelsberg Germany 100 130 0.14 Z 930
Plateau de Bure | France 31 120 0.18 65 670
Pico Veleta Spain 30 120 0.14 55 860
Onsala Sweden 20 250 0.053 45 4720
Metsahovi Finland 14 300 0.017 30 17650
VLBA(8) USA 25 120 0.03 17 400
Future:
GBT Va,USA 100 100 1.0 35 100
Nobeyama Japan 45 100 0.17 30 590
Noto Italy 25 100 0.09 30 1100
CARMA CaUsA 35 100 0.14 50 710
LT Mexico 50 100 0.14 40 720
Yebes Spain 40 100 0.13 30 770
APEX Chile 12 100 0.03 70 3300
ALMA 64x12 100 1.8 70 55





[image: image253.jpg]The uv - coverage for the Global 3mm
VLBI Array
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[image: image254.jpg]First Transatlantic VLBI fringes at 147 GHz:
(April 2002)

0 pas resolution




[image: image255.jpg]The SNR's of the transatlantic VL.BI detections at 147 GHz

(April 2002)
Source Flux HHT-KP | HHT-PV | KP-PV | MET-PV
[yl
6.5 19 7 6
0420-014 5.7 13 5? 5?
- 211 49 75 20 10
7.3 23 23 13
3C345 47 7 6? 5?
3C454.3 8.8 15 62 52

Sources detected on the short baseline HHT-KP:
0133+476, 3C273, NRAOS30, SgrA®, 1921-293, BL Lac, 2255-282
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[image: image257.jpg]The compaciness of 3C279 at 147 GHz

(2001 & 2002)
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[image: image258.jpg]Are the Quasar Nuclei spatially resolved ?
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[image: image259.jpg]First transatlantic VLBI fringes at 230 GHz (1.3 mm)

HHT - PV
SNRuwax = 7.3

PdBI - PV
SNRumax = 25

April 2003, 512 Mbit/s
AEDIT plot — Expt 1762, Freq W
Bassline HX ot W-bond _Source: all sources

ww WMMM

i"

Time (UT on day 103-087)
Basaling R ot W-bond _ Source: all sourcss.

#

1
4
L m"'"'"o"’ % #h *“w

o G ES E3 =
Time (UT on day 103-087)

el 9= 4, 163030, 143409, = U400 B, = 21451087
Sl A b, i

3





[image: image260.jpg]



[image: image261.jpg]Signal-to-Noise ratios of the
230 GHz detections:

short baselines: <25
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[image: image262.jpg]Global mm-VLBI at 150-230 GHz
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[image: image263.jpg]Conclusion

* 3mm: The new Global 3mm VLBI Array improves the
imaging sensitivity by a factor of 3 — 4 (USE IT 1)

«2mm & 1mm: new hard disc recording and new antennas will
allow imaging with a resolution of a few 10 micro-arcseconds

« M87: core size is smaller than expected (17 Rs); how to
collimate jets on such small scales, BH rotation, Kerr metric ?

* SgrA*: need southern antenna(s) to image event horizont




Optical and radio variability of the BL Lac object 0109+224  –  S. Ciprini, G. Tosti, C. M. Raiteri, M. Villata, H. Teräsranta, M. A. Ibrahimov, G. Nucciarelli, L. Lanteri, H. D. Aller
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[image: image266.jpg]0109+224 Characteristics

Compact radio-loud source GC 0103+224 (82 0109+22). (Green Bank radio survey list
C, Davis 1971; Pauliny-Toth et al. 1972). Other most used names: TXS 0103+224, RX
J0112.0+2244, EF B0103+2228, 2E 0109.3+2228, RGB J0112+227 -

[BO109+224, Jo112+2244]

Optical identification in 1976 (Owen & Mufson 1977), first measure of a strong mm
emission (>1.5 Jy at 90 GHz) and inclusion in the BL Lacs family

Continuous featureless optical spectrum (Wills & Wills 1979) and spectrophotometric
observations compatible with a single power-law (Falomo et al. 1334)

Intermediate optical behaviour between the large-amplitude variability BL Lacs and
the smaller-amplitude blazars/AGNs (Pica 1977)

Host galaxy unresolved in NTT observations (Falomo 1336) and UKIRT (K-band)
observations (Wright et al. 1338) - Suggested redshift: z>0.4 (Falomo 1336)

1l Enigma Meeting - Stefano Ciprini Oct.12 2003




[image: image267.jpg]} H;;’ 0109+224 Characteristics

No evidence for a thermal component in the far-infrared-optical SED (Impey &
Neugebauer 1988).

Optical flux and the polarization variable on different timescales, including intranight
variations (Sitko et al. 1985; Mead et al. 1390; Valtaoja etal. 1991).

Strong variable degree (5%-30%) and direction of the linear polarization (Takalo 1991;
Valtaoja et al. 1993). No clear correlation between flux level and polarization (Valtacja
etal. 1993).

Near-infrared flux variations smaller than
in the optical one (Fan 1993).

Variable radio flux, degree of polarization
and position angle. Flat average spectrum
(classical BL Lac object).

Fig. . Invanhe varaions of the polarzztion. posiion gl and fux
Plsted forfour sl nights < functio of e

Valtacja et al. 1993
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[image: image268.jpg]} H;;’ 0109+224 Characteristics

VLA pe scale at 5 GHz reveals a compact ¢ (e P
core with a secondary component. . "
Less luminous and/or beamed than the 1- */ . 2
Jy sample of BL Lacs (Bondi etal. 2001) - ,‘co
Same mas structure in VLBA images at2 '

and 8 GHz (Fey & Charlot 2000) 2 B .| (Fev & cnartot 200y
s s
Contourplon n ado  and ¥ hands The sl in mllaresocoeds

kpc scale: a faint one-sided collimated radio jet, about 2 arcsec long (Wilkinson et al.
1998), largely misaligned with the pc-scale inner region (~> high-power low peaked BL
Lag, LBL).

é

Included in the 200-mJy blazar sample (March™a et al. 1996). Intermediate BL Lac
between HBL and LBL (Bondi et al. 2001)

Regular radio monitoring by the University of Michigan Radio Astronomy Obs.
(UMRAO, USA, at 4.8 GHz, 8 GHz, and 14.5 GHz, 24-years monitoring) and Mets&hovi
Radio Observatory (Finland, 22 GHz and 37 GHz, 13-years monitoring).
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[image: image269.jpg]0109+224 Characteristics

Included in the Whole Year Blazar Telescope source list (WYBT, Tosti et al. 2002, Rband
opt. Long-term monitoring, born from the WEBT collab. (Villata et al. 2000, 2002).

Bright X-ray point sourceirF.(1 keV} 2 10 ergem s ) |
HEAO-1 pointing (Della Ceca et al. 1930), detections of Einstein Obs. (Owen etal. 1981),
EXOSAT (Maraschi & Maccagni 1988; Giommi et al. 1330; Reynolds et al. 1933), and
ROSAT (Neumann et al. 1994; Brinkmann et al. 1935; Kock et al. 1996; Reich et al. 2000).
Member of the RGB (ROSAT All-Sky Survey-Green Bank) catalog (Laurent-Muehleisen et
al. 1999), an intermediate blazar sample. 2

In the diagnostic diagram Oty -Oioyix (Padovani &
Giommi 1995), 0103+224 appears closeto a
prototype of intermediate blazars like W Com (ON
231, B2 1219+28), (Dennett-Thorpe & Marcha 2000)

W Com (N )
| Ge gz

St o

GC 0103+224 was not detected in gamma-rays by
EGRET (Fichtel et al. 1934), with a rather low upper
limit.
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Source Magnitude by differential photometry
with respect to comparison stars in the same
field. (Johnson-Cousins photometric system,
see, e.9. Bessel 1379)

Calibrations derived from several photometric
nights at the Perugia and Torino
Observatories using Landolt standards. (for

Sureey). Calleionafears B, 1 1. s reporied m Tkl .
Siam B C F G e 1o the photamensic sepeemee alemied | ODSEPVING and reduction details see e.g.

Y e ok (1085), Fiorucei & Tosti (1936), Fiorucci et al. (1998),
Villata et al. (1998), and Raiteri et al. (1998).
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[image: image272.jpg]Historical light curve - ﬂ

1306-now: empty gap in 1860-1975. Original non-corrected data reported,

(pre-1961 values could be overestimated by 0.2-0.3 mag). Pre-1361 data mainly by
Heidelberg plates (Zekl et al. 1981) and Harvard plates (Pica 1377). 1976-1988 data mainly
obtained by Rosemary Hill Obs. Florida (Pica et al. 1988). Data after 1394 almost entirely
from Perugia and Torino observatories (comparison with some V data from Tuorla,
Katajainen et al. 2000, reveals a good agreement).

Largest brightness variation occurred in 1342-1343, (Bmag-phot 14.2, steep decline of
3.07 mag during 1 year). A comparable brightness level was reached again only in the
flares of 1990s. 1944-1336: source never observed brighter than B =15, {this could be
due to poor sampling). In 1381-1330 the object remained in a low state around B=17
(except for 2 observed flares). August 1989 the source brightness fell down to B=18.42,
minimum value ever observed (Takalo 1991).

In the post-1394 better sampled light curve obtained with our data, we see a general
brighter mean B value (15.8), again comparable with the 1820-1360 period, and some
flare events. Variations of 2.5 mag in less than one year are common.
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[image: image273.jpg]Our optical photometric

monitoring
T i Perugia Obs. 1394-2002,
K [T — el

Torino Obs. 1995-1399
B,V,Rdata

i Mt. Maidanak Obs. Dec2000
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]
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[image: image275.jpg]During optical flares chromatic behaviour appears
evident. The degree of correlation between spectral
index and the flux sheds light on the non-thermal
emitting processes {synchrotron in the optical).

Soft-hard-soft signature: common pattern (not the
unique one) in X-ray flares. Spectral slope flattens
when source luminosity increases. The more
intense is the energy release, the higheris the
particles energy. Loops, hysteresis cycles in the
scatter plot between spectral index and flux.
Acceleration mechanism tends to work with almost
fixed populations of particles, spectral slope
controlled by the radiative cooling, so that the
information about changes in the injection rate of
accelerated particles propagates from high to low
energies (see e.g., Kirk et al. 1998; Georganopoulos
& Marscher 1998, Kirk & Mastichiadis 1993)
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[image: image276.jpg]) @F;} Variability loops in optical flares
Variability loops, during isolated flares are recognizable not only in the X-ray emission,
but also in the optical one, once sampling is sufficient to trace the patterns well (and
also in the case of a LBL/intermediate blazar like GC 0103+224).

Clockwise loop comes out from the double-peaked flare of Nov22-Dec29, 2000 and
from the isolated flare of Oct14-Dec4, 1998.

Double-peaked flare of Oct1- T P ey o
Oct24, 1996 shows an E n i ot i
anticlockwise loop dueto the | ,f3 N £ |h1
first peak superimposed E # X T ©ot
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[image: image277.jpg]Three standard methods optimized for unevenly sampled datasets, applied to give a
quantitative statistical description of the optical time variability of GC 0103+224:
structure function (SF), discrete correlation function (DCF), and discrete Fourier

transform in the Lomb-  uf v T
Scargle implementation
(periodogram).

Indications of recurrent
time scales of
variability, from a dozen
days to a few years.
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[image: image278.jpg]Scales of about 26-40 days and 1.2, 1.9 years
were found several times, and the time scale of
6.4 years is similar to the variability period
recognized in AQ 0235+16 (Raiteri et al. 2001).
Slopes in the SFwere reliably determined, but
the SF plateau can be recognized only for the
best sampled light curves. The values of imply a
variability mode between the flickering and the

shotnoise. Tuble . Sommaryof s th ime sl v byt sl
e o R p—

e e, i e sk e s e . 557,

e sl et ol DCF e, e e dved o de ks o0

i 57
e lngh, 5,
e o e 5
sz,

s il
wstion e et 1)

gl D VBT ST, W, o Pl
) G R

TR 3 &

[ o 19y

Mseon 155 5

[ &

N 20§ ER

Ve 20 s

Vi 25 5

Vi 2 @ B

Vilese 3% mws anluw @ meawmin

1 Enigma Meeting - Stetano Ciprini | Tie e alawsl by ey .




[image: image279.jpg]4

-
@f JiNeN Radio- optlcal flux correlatlons'?

Optical flares are 5 WE v

clearly much faster
with respect to the
radio-mm bands.
Some particularly
large optical
outbursts do not
have obvious
counterparts at mm
and radio.

L LT I

The radio light

curves appear well

correlated atthe "1l e ey s 2

different e e e e e e e e e me

frequencies, around ot (i e o o i

o e i

the zero lag. e lone s

11 Enigma Mesting - Stelano Ciprini Get 12 2003





[image: image280.jpg]Radio-optical cross-correlation peaks
found n all the bands around the lag
of 2.1-24 years, are extended and
have low values (ZDCGF < 0.62).
Gomplexity, spread and low values of
the

correlation peaks, impossibility to
visually recognize the lags, their large=}:
values, the very different duty-cycles,
and especially such long delays,
suggest that there is not a real
correlation, and no physical meaning
in the two-year lag, Other shorter
radio-optical delays around 83, 190,
and 500 days are not significant
because they are found with very
small correlation coefficients
Previous lags hinted are based anly b
on correlations with 3-years optical sl St sk
data (Hanski et al 2002),
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[image: image281.jpg]The ZDACF and first-order SF shapes give a fluctuation

mode between the flickering and the shot noise: Pf)=1/f%,
with 1.39 < ot < 1.65. A similar behaviour was found also for
the optical emission (1.57 < o < 2.08) of this source. This
power spectrum is characteristic of a random walk,
stochastic relaxation processes
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[image: image282.jpg]Multiwavelength data

Multiwavelength overall SED data points out
asynchrotron peak in the frequency range around the
near-IR, optical (possibly near-UV?) range. This
strengthens the assumption that GC 0103+224 is an LBL :
orintermediate blazar, (as suggested for example in
Laurent-Muehleisen et al. 1933; Dennett-Thorpe et al.
2000; Bondi et al. 2001). Rather low EGRET upper
limit, no data available to check the presence of the high-
energy (i.. IC) emission component.
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[image: image283.jpg]UFM The SED of 0109+224

Only old X-ray ROSAT-PSPG (F,=0.26 + 0,08 ply, Kock et al. 1996 ) EXOSAT-CMA and Einstein
flux data point, These very few detections seem to suggest that the highest energy synchratran

tail is emitted in the soft-X ray band (-> LBLAntermediate blazars)
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[image: image284.jpg]el The SED of 0109+224

Applied 88C model: emitting blob of dimension R embedded in atangled isotropic magnetic
field of mean intensity B, subjected to a continuous injection of shocked relativistic electrons
with a break power law energy distribution, exponentially damped:

Qin;(7) = Quy~? exp(—Y/ (kYmaz)) [cm™? 571
Region moving almost aligned with our line of sight

D=((1+2)(1 - Beos®) ™"

The IG spectrum results from the interaction of the distribution with the synchrotron photon
field. The produced spectra were transformed to the frame of the observer respect to jet
direction), using the relativistic Doppler beaming/bulk factor

SED data and modelling allude to a synchratron peak ranging between the near-IR, for the
quiescent states, and the optical {perhaps also near-UV) bands for the flaring states. As a
classical BL Lac, the SED is represented well with leptonic S5C models. Therefare, with
simple scaling considerations, the IC emission can be seen as the upshifted synchrotron
component, Near-IR-optical peak can predict a possible IC peak in GeV gamma-ray energies

teg. Stecker etal. 1996)  (vgev Foev)/Lic = (Vopt Fopt)/Loyn

Lsynand B intensity might be high for this abject, reducing the IC dominance. However the
strang mm flux, the peak of the SED in near-IR-optical bands, and the brightness in X-ray
frequencies, might suggest the possibilty of gammaray emission. 17 /5 = Lyc/Luyn
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[image: image285.jpg]Conclusions -

Obtained, collected and analyzed the largest amount of radio-optical data ever
published on GC 0109+224. Some results are found, but also open questions are
arisen.

Over 20 years of radio (UMRAQ and Metsdhovi ) and optical data (|ast 7-years
improved sampled optical data of by Perugia and Torino Observatories)

Reconstructed the overall SED. No EGRET detection and no hints of a high-energy
(e.g. IC) spectral component (very-very few data beyond optical frequencies).

GC 0109+224 can produce strong outburst at high radio frequencies (2-3 Jy at freq. >
20 GHz), but can remain relatively quiet at low frequencies for long periods.

Radio and optical flux density variability characterized by intermittent behaviour, not

regular alternation of relatively large amplitude flares, and flickering phases, varying
over al timescales sampled (days, months, years). Relatively fast drops of the flux.
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[image: image286.jpg]Ry ) :
@ [ Conclusions

Optical flares clearly much faster with respect to the radic-mm bands. Some particularly
large optical outbursts do not have obvious counterparts at mm and radio wavelengths
(different emitting components, duty cycles, more rapid cooling at higher frequencies).

No evidence for long term periodic variations with fixed period, but only weak hints of

typical imescales in the ranges of 3.2- 4.5 years in the radio. No evidence for long term
periodic variations in the optical but hints of typical-recurrent timescales from a dozed
days to a few years.

Rather achromatic long-term optical variations. Short-term optical flares at leastin
some cases follow the “flatter when brighter” feature. 3 optical flares sampled almost
sufficiently show clear hysteresis loops (as usually found when analyzing the X-ray flux
behaviour of blazars). Radiative cooling of a single population of accelerated electrons
is dominating in larger and faster optical flares in this cases.

Variability mode between flickering and the shot noise, i.e. P(f) = 1/f%,
with ot 1.2/1.3 < 1.8/2.0, i.e. the power spectrum is characteristic of arandom walk,
both in the optical and in the radio (common behaviour in blazars).
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[image: image287.jpg]Ry ) :
@ N Conclusions

Synchrotron emission possibly dominant, (as suggested by the high polarization
degree, absence of emission lines) Also our homogeneous SSC modelling suggests a
relatively high magnetic field and synchrotron luminosity, diminishing the inverse self-
Compton radiation, (warning!: multiwavelength data insufficient to constrain
hypotheses)

GC 0108+224, suffers from substantial lack of data in mm, sub-mm, and infrared (as
usual) bands, and high energy observations beyond the optical. High energy gamma-
ray predictions from optical and X-ray fluxes suffer uncertainties also with pure 38C
models (e.g. Boettcher et al. 2002 for W Com).

However the suggested high millimeter brightness, and synchrotron emission peaked
at near-IR-optical frequencies, could imply a GeV gamma-ray radiation detectable by the
next-generation of gamma-ray space telescopes. (integral scheduling by Pian etal.)

An increased observing effort for this source, especially at millimeter, X-ray bands and
beyond, together with a better optical monitor is suggested.
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A multiwavelength study of the OJ 287 variability  –  N. Marchili, M. Villata, C. M. Raiteri, G. Tosti, S. Crapanzano, L. Lanteri, H. D. Aller, M. F. Aller, H. Teräsranta
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[image: image290.jpg]A multiwavelength study of the OJ 287
variability

#t construction of light curves;

# temporal analysis of radio data by means of DCF
and periodogram;

#t temporal analysis of optical data; with particular
attention to the most recent data;

# cross radio-optical correlation.
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Radio spectra of X-ray selected BL Lacs (the good old EMSS)  –  A. Wolter
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[image: image307.jpg]Radioispectra of X-ray selected

BL Lacs (the good old,EMSS)

Anna Wolter

October 11-15, 2003 Second ENIGMA Meeting A Wolter




[image: image308.jpg]AIM of the REASEARCH

e BL Lac evolution is different between
Radio and X-ray selected samples

e Does it depend on selection criteria?

e In particular does it depend on flat
spectrum criterion in radio band?

October 11-15, 2003 Second ENIGMA Meeting A Walter 2




[image: image309.jpg]BL Lac samples

e X-ray selected Ev?  Criteria
— EMSS (40 objects) 7,
o Radio selected
— 1Jy (34 objects) +0 f,.—mag- a,
e Radio & X-ray selected

— RGB (33 objects) - f.—f,— mag
— DXRBS (30 objects)  + i
- REX (55 in XB-REX) 0  f,—f.—mag
— HRX (77 objects) - =it
e Others
— Sedentary (58 objs) - f.—f,—mag- a, - a, - (HR)
— Optical (PG — 6 objs) ? UV excess
October 11-15, 2003 Second ENIGMA Meeting A Waolter 3




[image: image310.jpg]The EMSS sample

o X-ray survey with EINSTEIN (835 X-ray srcs)

o COMPLETELY IDENTIFIED at 103 cgs level

® It contains 40 BL Lacs (as revised by Rector et
al 2000)

o <Ve/Va> =0.427+/- 0.045

NO RADIO SPECTAL INFORMATION WAS AVAILABLE UNTIL
THE ADVENT OF THE NVSS

October 11-15, 2003 Second ENIGMA Meeting A Walter 4




[image: image311.jpg]Non-simultaneous data

® 3 (+2 marginally) out of 8 in pilot study (Stocke
et al 1985) exceed RBL criterion for flat
spectrum.

o With the EMSS 6cm discovery data and the
NVSS 20cm public data we compute the
radio spectra for all BL Lacs in the EMSS.

® About 30% of the objects have a steep
spectrum.

October 11-15, 2003 Second ENIGMA Meeting A Walter 5




[image: image312.jpg]VLA Observations

o We obtaine SIMULTANEOUS [c/D config.]
multifrequency radio observation for 26 of
the EMSS BL Lacs

® §>—20° assures 100% identification

® F g » 1 mJy assures detection in all VLA
bands (L=20cm, C=6cm, X=3.6cm)

® 22 srcs observed in June 2000 +
4 srcs published in Stocke (1985)

October 11-15, 2003 Second ENIGMA Meeting A Walter
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[image: image314.jpg]Simultaneous

Steep or not?

e Distribution of o, for
the 26 srcs.

® 15.4% steep s.
spectra

@ 23-39% steep non-s.
spectra

Non-simultaneous

October 11-15, 2003 Second ENIGMA Meeting A Walter 8




[image: image315.jpg]Core-to-extended flux

® These plots show the
presence of an extended
component (visible at
20cm)

e This might explain why
the non-sim. data are
“steeper” — Observation
with less resolved VLA
configuration (D) at
20cm.

October 11-15, 2003 Second ENIGMA Meeting A Walter 9




[image: image316.jpg]Extended component

e there is no redshift
dependence of the
detection of the
extended component.
(slope is 0.41+/- 0.39
consistent with 0).

October 11-15, 2003 Second ENIGMA Meeting A Walter 10




[image: image317.jpg]steep]

s

-1

log(R) at 20cm





[image: image318.jpg]Steep spectrum EVOLUTION

® The spatial
distribution DOES not
depend on the radio
spectrum.

e The STEEP spectra
do not carry a VERY
NEGATIVE evolution.

e Mildly less negative

October 11-15, 2003 Second ENIGMA Meeting A Walter 12




[image: image319.jpg]Conclusion

e A large fraction of BL Lacs show a steep
spectrum. (15-40% depending on conditions of
observation)

e These objects are missed in radio surveys that
need an o, selection to avoid radio galaxies.

o However, the steep srcs have similar
properties than flat srcs.

In particular:

e the spectral selection is not responsible for the
different evolution properties of RBL and XBL.

October 11-15, 2003 Second ENIGMA Meeting A Walter 13




Session IV: Radiation processes at high energies

Chandra observations of QSO jets  –  F. Tavecchio
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[image: image321.jpg]Chandra observations of QSO jets

Fabrizio Tavecchio

INAF — Osservatorio Astronomico di Brera




[image: image322.jpg]1127-145 Siemiginowska et al. 2001 PKS 0637-752 Chartas et al. 2000

« Hardeastle et al. 2003




[image: image323.jpg]Producing X-rays in large-scale jets

Powerful sources (QSOs)

sy K puf —> [T

Schwartz et al. 2000 Tavecchio et al. 2000
Celotti et al. 2001

Low power sources (radiogalaxies)

Synchrotron  e.g Worrall et al. 2001, 2002
ssC e.g. Wilson et al. 2000
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[image: image326.jpg]A Chandra-HST survey of jets

Jet Knots Detected at Radio-Optical-X-rays
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[image: image329.jpg]Synchrotron to Compton transition?
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[image: image332.jpg]Clumps in jets?
Problem: the X-ray emitting electrons cannot ceol inside the knot

even including adiabatic losses!

og ¢ (yeurs)
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Tavecchio, Ghisellini & Celotti 2003




[image: image333.jpg]A possible solution

Several compact regions overpressured with respect to the external
plasma (instabilities, clouds, entrained material, reconnection sites)

) cxpansion

‘ very efficient adiabatic losses

Consequence: expected variability in knots (~month)




[image: image334.jpg]New evidences:

Several kuots in M87 are variable!
(Harris e al. 2003)

Cen A shows compact X-ray/radio kuots
(Hardcastle et al. 2003)




[image: image335.jpg]Summary

The IC/CMB model works well for powerful jets in QSO
Deep pointings reveal synchrotron to IC transition along the jet

Comparison of Blazar-outer jet properties

Low E electrons cannot cool: clumps!
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PCA observations of Mkn 421  –  D. Emmanoulopoulos, S. Wagner, I. Papadakis

[image: image336.jpg]PCA cbservaltions of MKN421

e RXTE instrumentation
e Data reduction

e Scientific results

e Conclusions

e Future work

Dimitrios Emmanoulopoulos
Lardessternwarte Heldelberg
PIoOL.S. Wagner, Dr. J.Papadakis

' ENGMA Mosting, 11-15 Ocbter 2003




[image: image337.jpg]RXTE Instrumentation

XTE Spacecraft

o PCA— 2.60kev
< HEXTE— 15-200keV

© ASM

ENGMA Mosting, 11-15 Ocbter 2003




[image: image338.jpg]INSTRUMENTATION PROPERTIES

Energy range
Energy resolution
Time resolution
Spatial resolution
Detectors
Gollecting area

Layers

Sensttivity:
Backgrourd

2-60keV
<18%at 6 keV

14 sec

collimator with 1 degree FWHM
5 proportioal counters

3100 om? at 6keV

1 Propare veto

3 Xenon, each splt nto two

1 Xenon veto layer

0.1 mGrab

90 mGrab
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[image: image339.jpg]Data reduction

e —

HEAsoft5.2
FTOOLS 5.2 FV3.1 XIMAGE 4.1 XRONOS 5.19 XSPEG 11.2
| | | | |
Creates and modifies Examines the X-ray image A timing analysis An X-Ray spectral
FITS files in contents of any display and software package fitting package
order to produce FITS file analysis program

Light Gurves and Spectra

i ENGMA Mosting, 11-15 Ocbter 2003




[image: image340.jpg]Procedure

« STANDARD-2 contiguration— 16 seconds binning. The pulse-height histograms have 128 channels and are

accumulated from "good’xeron events (i.e. those which survive background rejection)

* GTl files— ELV>>10° (elevation angle)  Time Since SAA >30min (ime since soLth Atiartic anomaly)
Offset <<0.02° (pointing position)

 Background tles— PCABACKEST

Background

T I

Diffuse sky background  Internal background
PCABACKEST estimates the variable,internal componert of the background bt also Is capable of adding a

constant term to approximate the diffuse sky background

+ Production of Scientific results — Light Curves and Spectra.

5 ENGMA Mosting, 11-15 Ocbter 2003




[image: image341.jpg]Selentiflc results
L — =]

® Two well defined dally fiares ~ 1 day

o The daly flares show substuctures
g with time scales of 4ksec.
i E
!  Addtional variabilty between the large
flares

i ENGMA Mosting, 11-15 Ocbter 2003




[image: image342.jpg]Sclentifle resulte
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® The amplitude of variations in the 10-15keV band is shifted and especially in the short time flares Is larger.

 The flares inthe two bands are wel correlated. Time lags ~ Tksec.

ENGMA Mosting, 11-15 Ocbter 2003




[image: image343.jpg]Structurs function snalysis

Definition of the first order Structure Function (for afinite sequence of measurerents)
S = 3w R A 1
)=~ 3 O w A (e Aa0) —x
CIap

where N (&) = Zw (i) w(i+A) and w ({) is the weighting factor equals to 1 if a measuremert exists for the iy interval,
0 otherwise (Simonelti et al. Ap.J. 296,1965).
For self-affine processes the S obeys the following power-law scaling with A
S =2 s(1)
where H (Hurst Exponent) is the characteristic scaling exponert (Ostorne, Provenzale Physica D 35, 357 1969)
© H>> 0.5 long-range correlations, an increasing trend in the past implies an increasing trend inthe future.
© H=0.5 the increments are ot correlated.

® H=0 white noise.

f] ENGMA Mosting, 11-15 Ocbter 2003




[image: image344.jpg]Structurs function snalysis for Mkn421

© The observed breaks are at ~ 130ksec

1.5days ( 0.5 day Tarihata, et . 2001 Ap] 563,569).

® Around the break the SF (bin’512) is steeper than the SF (bin’5120)

° ENGMA Mosting, 11-15 Ocbter 2003




[image: image345.jpg]Structurs function snalysis for Mkn421
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® SF (bin5120) flattens around 30-
LI ABksec as the energy band is increa-
. sing
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[image: image346.jpg]Structurs function snalysis for Mkn421

i

5 il

® SF (bin512) has aound 30-45ksec
characteristios structures with shapes
similar to this of the entire structure
function {probable self-affinity)

® The slope between 0-130Ksec Is 1.2,

steeper than the "white roise’

ENGMA Mosting, 11-15 Ocbter 2003




[image: image347.jpg]Long Look obesrvations of Mkn421

® Akerlof —+214/37-3/6/97

* Madejski —+ 18/4/98-8/5/98

* Renmillard —+ 26/2/98-25/7/98
* Montigny —+ 24/3/38-13/4/98
* Sambruna — 5/2/00-8/5/00
 Fossatl —+ 18/3/01-1/4/01

o Instrument — PCU2

* Gain correction — Gasslopeia A

® Court rates rescaling — epoch3 (15/4/36){22/3/99)

12 ENGMA Mosting, 11-15 Ocbter 2003




[image: image348.jpg]Long Look obesrvations of Mkn421

e l i i
] . i !

The observations cover the period between (2/4/97-1/4/01), almost 1460 days.

1 ENGMA Mosting, 11-15 Ocbter 2003




[image: image349.jpg]Conclusions

e PCA’s high time resolution help us to probe special X-ray characteristics

in very short time scales.

@ The break in the Structure Function of Mkn421 is not totally in agreement

with previous observations.

e The shortest time binning (512sec) has revealed characteristic structures

in the time properties of the X-ray flux.

e The long look observations of Mkn421 revealed an increase in the average

X-ray flux.

1 ENGMA Mosting, 11-15 Ocbter 2003




[image: image350.jpg]Future work

e Work on the spectra.

@ Investigation of the characteristic patterns in the SF from the side of time

series analysis.

e Production of the hardness ratio for various energy bands in order to find

loops.

e Comparison of our results with that of other Blazars (Mkn501).

1 ENGMA Mosting, 11-15 Ocbter 2003




Session V: Particle acceleration in MHD outflows

Particle acceleration in MHD outflows  –  A. Mastichiadis, on behalf of the Athens team

[image: image351.jpg]PARTICLE ACCELERATION IN
MHD OUTFLOWS

Apostolos Mastichiadis
(on behalf of the Athens team)




[image: image352.jpg]ENIGMA ACTIVITIES:
THE PAST

» Paper from Heidelberg/Athens (+ external
collaborators)

“"Modelling the TeV gamma-ray spectra of two
low-redshift AGN: Mkn 421 and Mkn 501"

A. Konopelko, A. Mastichiadis, J. Kirk, O.de
Jager, F. Stecker, ApJ in press




[image: image353.jpg]THE PRESENT
Signatures of acceleration in the X-ray
observations of Mkn 421

Phase One: Analysis of archival X-ray
observations of Mkn 421 (D. Emmanoulopoulos,
S. Wagner, J. Papadakis) - soft/hard time lags,
hardness ratios, etc

Phasis Two: Detailed comparisons with the
model of Kirk, Rieger & Mastichiadis (1997)
which includes particle acceleration and cooling
in a two-zone picture (Athens/HD/?)

Phasis Three: Inclusion of SSC emission and
osses





[image: image354.jpg]THE NEAR FUTURE
Particle acceleration at shocks formed in
relativistic outflows

» Shock formation in a two-component outflow
(Bogovalov & Tsinganos 2003)

- flow speeds, B-fields, angles determined

- apply diffusive acceleration theory at
oblique shocks with one free parameter, the
acceleration timescale (Athens/HD/?)




[image: image355.jpg]Cantat saurce wis Paking

Cériral sourcs wins

Recent numerical siomulations and analytical modeks of magnerically collimated
plasta outflows from a uniformly rotating central gravitating object and for
 Keplerian accretion disk have shown that relatively low mass and magnetic
iuces reside in the produced jee. Obsersations boweves indicate that in some
cases, a i jots of YSO's,the collimated outflow carries highes fiuxes tha these
sin is proposed by the above model

el sonrce which produces

jons. predict. A salution to this proble
whero ot with high mas flux originate in
 noncollimatod outflow peo

Fotatiag accretion disk. The e
wind which the forces

¢ enclosed outflow from the central source to
be collimated too. This conclusion is confirmed by self-consistent mumerical
Solutions af the full st of the MHD equations





[image: image356.jpg]Far Zone :
Poloidal magnetic lines of outflow :

(at intervals of equal magnetic flux)
Before rotation starts — After rotation started

ote compression of inner flow and formation of a sl
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[image: image358.jpg]Collimation of the inner flow with the
formation of a shock.

shock





[image: image359.jpg]SHAPING UP
ICS in Blazars: External photon vs SSC

» Detailed model of photon densities above
accretion disks + relativistic electrons in jets

- gamma-ray emission from inverse Compton
scattering

- comparison with the gamma-ray spectra
produced from SSC models

- application to blazar observations
(Athens/HD/?)
Disk modelling: E. Rokaki




[image: image360.jpg]1.

POSSIBILITIES

Magnetic driving of relativistic outflows in
AGN

Modelling of parsec-scale acceleration to high
bulk Lorentz factors indicated in relativistic jet
sources (e.g. NGC 6251, 3C 345) by magnetic
driving (Vlahakis & Koenigl 2003) - spectra,
polarisation, ...

IC Catastrophe

Self-consistent treatment of multiple orders of ICS
in relation to the brightness temperature problem




[image: image361.jpg]T.0.0.
Modelling of the MW spectra of TeV Blazars

« Correction of TeV spectra
due to attenuation in the
Cosmic IR Background

- application of SSC
models to deabsorbed
spectra

« It has already been done for
the near-by objects (Mkn
421, Mkn 501)

« Higher z sources
1416+418 (z=0.129)
PKS 2155-304 (z=0.117)





Self consistent synchrotron self Compton emission  –  A. Tramacere, G. Ghisellini, A. Mastichiadis, F. Tavecchio, G. Tosti
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[image: image363.jpg]Self Consistent Synchrotron Self
Compton emission

A Tramacere
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[image: image365.jpg]B OUTLINE

Our aim is to evaluate the time dependent synchrotron and self Compton
emission in Blazar assuming shock acceleration of particles within a
given geometry. The new feature of our study is the calculation of the
photon travel times within the emission region to calculate the self
Compton emission in a self consistent way. This requires an interative
procedure, in order to properly calculate the local particle spectrum
(resulting from injection and cooling) obtaining the total spectrum as
convolution of many different electron population. Moreover we
overcome the assumption of the homogeneity of the emitting plasma
having at the same time in different region different leptonic
population and different photon fileds.

Thi presentation splits in two parts

a) We present the simulator used to investigate this physical scenario,
| showing its capablities

b) We present the description of the numerical implementation and
present some preliminar reuslt





[image: image366.jpg]Description of the simulator
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[image: image370.jpg]The radiation from the disk
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[image: image373.jpg]An engine which shots shells(accr.
Disk)

The shells have the right frequency
of ejection (~Rs/c)

The shells have to collide in the
sub parsec scale

The BLF has to be consistent with
observations

There has to be a sample of shell

which has the right Energy and time
scale to be resolved as a flare
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[image: image376.jpg]PCA Counts/s (2-10 keV)
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[image: image377.jpg]e of epction inthe observer frame (5)
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+Shot shell from accr. Disk
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[image: image393.jpg]Conclusions

* Both homogenous and shell model can explain temporal

and energetic behavior of Blazar.

But observations enough accurate to validate the
theoretical predictions are present only for the low
energy emission (radio to X—>ASCA, SAX, XMM,
CHANDRA).

+ To validate the high energy emission model and to

discriminate between the IC and EC scenario we need
gamma/TeV observations with a good ftemporal and
energetic resolution.

* This work is useful both to compare the theoretical

Eredic‘rions of actual models with the observations
Y _hext generation high energy felescopes (6LAST
AGILE MAGIC), and both to give realistic simulation
for variable source that these telescopes will observe




Session VI: The power of jets

Task 6: The power of jets  –  G. Ghisellini
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[image: image395.jpg]Task 6: The power of jets

® What is the power of jets?

©® How to transform bulk kinetic energy
of jets into radiation?

® The relationship of jet power and
accretion power

© The origin of FRI-FRII dichotomy




[image: image396.jpg]CHANBRA





[image: image397.jpg]10%
g) /W

o7

10%

4

2,
8
£
E
5
3

ine

o

e

Total Narrow Li

5

A0

N/ (D) 4amod jap





[image: image398.jpg]-
'Is it possible to measure
s 4 j“fJZ Zz‘f//J’J ’J //IUZJJU/J "/J’J
+i the cooling frequency, to
»\ find the age and the
minimum energy content?

*

*
&
&

2

® B

Bonn? Metsahovi? Bologna?

BT R T Rt
Total Narrow Line Luminosity (Lyg) / W





[image: image399.jpg]Log vL, [erg s']

Log v [Hz)





[image: image400.jpg]



Speculations  –  G. Ghisellini
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[image: image414.jpg]Peeling the jet

Strong feedback between spine and layer
For both: enhanced IC emission
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- Jet more peeled? More dissipation.
More TeV

- Low power jet are peeled more?
- Extended emission smaller for TeV?

- Large angles? Layer. Also GeV-TeV for
radio-galaxies?
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Multi-frequency & multi-epoch VLBI study of Cygnus A  –  U. Bach, M. Kadler, T. P. Krichbaum, E. Middelberg, W. Alef, A. Witzel, J. A. Zensus
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in collaboration with:

M. Kadler, T.P. Krichbaum, E. Middelberg, W. Alef, A. Witzel
and J.A. Zensus
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One of the first and strongest
extragalactic radio sources

Nearby: z=0.0561 g Pl k. 8
Huge dimension on the sky: 2'

Pronounced double structure with
hot-spots and radio lobes
Prototype for the FR |l radio
galaxies

Test object for the standard model
of radio galaxies and quasars
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« No phase-referencing on the core of Cygnus A was done.

« Previous proper motion studies werde done at lower
frequencies (Carilli et al. 1994; Bach et al. 2002), except
Krichbaum et al. 1998.

« Cygnus A is an ideal test object for jet theory and the unified
scheme.

QOur analysis is based on:

« Two multi-frequency epochs: 1996 at 15, 22, 43 GHz
(VLBA+EB) and a phase-referencing in 2003 at 15 and 22
GHz (VLBA only)

« Two epochs at 15 GHz with VLBA+VLA1+EB in 2002

Complementary:

« 10 epochs from the VLBA 2cm Survey (Kellermann et al. 1998,
AJ, 115, 1295; Zensus et al. 2002, AJ, 124, 662)
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[image: image433.jpg]+ We made the first multi-frequency phase-referencing of
Cygnus A

« The spectral indices and the frequency dependent jet to
counter-jet ratio can be explained by an absorber around the
core

« We measured accelerated motion of up to 0.5 ¢ in the jet but
yet found no significant motion on the counter-jet side

« Angle to the line of sight: 6 > 65°
« Discrepancy between the geometry and the non-detection of

apparent motion in the counter-jet questions the symmetry of
jetand c-jet

— We will continue our phase-referencing observations and will
go to higher frequencies!




Jet power and spectral evolution of FRII radio galaxies  –  K. Manolakou, J. Kirk
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[image: image435.jpg]Jet power and spectral evolution of
FRII radio galaxies
K. Manolakou' & J. Kirk®

! Landessternwarte, Kénigstuhl Heidelberg
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 FR Il sources (classical
doubles):Piray. > 10°° W Hz ! sr!
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[image: image438.jpg]. Introduction

~ FR Il sources (classical
doubles):Pirgarr. > 10% W Hz ! sr!

~ Observables: redshift , angular size , flux
density , spectral index

_ Calculated (for a given cosmology): projected
linear size , specific power
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_ "Complete™ samples of radio sources:
1. 3CRR sample

(Laing, Riley & Longair 1983) (140 FR II's)

hitp:ffwww-astro. physics.ox.ac.uk/” cjw/3cri/3crr.html
2. 6C sample
3. 7C sample ...

et el conion o Pk sl . 1
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_ P, depends on:
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Blundell & Rawlings, Nature, 399, 330, 1999

Eqs (1) & (3)
Kaiser et al., MNRAS, 292, 723, 1997

Blundell et al., AJ, 117, 677, 1999

@5 =2 1038W, at = = 0.5
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[image: image444.jpg]l Our approach: Model description I

~ ofthe model:

Jets: constant power |, constant Lorentz factor ; source redshift

External medium: p=  77%,1.5< < 1.9

Self-similar expansion of outer shock front (Falle 1991}
D{t) o< (3o /per)/®=5) and of head region (Kaiser & Alexander 1997}

but  sizeof primary hot spot (Blundell at al 1999}

Electron acceleration at the terminal jet shock: Q<(y) =4~ for
min £ € Ymaz, = Ymin/Ymaz

Electrons are carried by turbulent fluid elements in the head region-anomalous
transport: (Az%)  t ,0 < < 2 CTRW formalism (Ragot & Kirk 1997}

= ransport time/cooling time at ymin.

et el conion o Pt sl - T




[image: image445.jpg]. Model description 11

Head:

. energy density uy, in the primary hot spot constant

® 1= (44+8)/(5-8)

Upobe X

_ adiabatic losses:
Quobely:£) = kQnlky, £)

where k(t) = [up, /urope (£)]/*, imposed after transport through head region
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[image: image446.jpg]. Model description 11

& Lobe region:

integrated spectrum required - no spatial transport
adiabatic loss rate o< 1/¢
synchrotron loss rate o ¢~ (4+2)/(5-3)

inverse compton loss rate cc

We sotve: Y + 2 (3N) = Quope (0, 1)

et ampcl comion o Pt sl 8
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[image: image448.jpg]l Conclusions

New model developed with more realistic ransport parameters
_ in contradiction with previous models and with the data

_ relieved by proposed additional acceleration process

_ hypothesis supported by studies of individual sources

. model contains fewer parameters than those in literature

Suitable for extensive population simulation studies
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16  –  L. Ostorero, M. Villata, C. M. Raiteri

[image: image449.jpg]HELICAL JETS IN BLAZARS:
INTERPRETATION

OF THE MULTIFREQUENCY
VARIABILITY
OF AQ 0235+16

Luisa Ostorero®

Massimo Villata®, Claudia M. Raiteri®

® Torino University, Faculty of Physics;
Landessternwarte Heidelberg
@ Torino Astronomical Observatory
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e Bent jets: observations

e Helical-jet model

® The case of AO 0235+16

> Long-term light curves
> Long-term SED evolution

e Conclusions




[image: image451.jpg]HELICAL JETS

Jet bending:
= observed in radio-loud AGNs

= interpretable as projection of a
helical pattern possibly due to
the presence of a BBHS
{orbital motion, precession)

~ pc scales

~ 100 pc scales

Conway & Wrobel 1995



  [image: image452.jpg]HELICAL-JET MODEL

~ pc scales distortions :

~100 pc scales distortions :

ORBITAL MOTION
PRECESSION

Intepretation of the blazar emission variability as:

» Intrinsic:  originating within the source, and not
between the source and the observer

»Geometrical : due to variation of beaming
factor becouse of geometrical

effects

PAST APPLICATIONS

THE HUGE X-RAY SPECTRAL VARIATIONS OF
MKN 501 [Villata & Raiteri 1999, Raiteri et al. 2003]

THE VARIATIONS OF THE SPECTRAL ENERGY
DISTRIBUTION (SED) OF $4 0954+65 (low energies)

[Raiteri et al. 1999]

THE VARIABILITY OF THE SEDs OF 1219+285

(ON 231) AND $5 0716+71 (low and high energies)
[Sobrito et al. 2001, Ostorero et al. 2001]




[image: image453.jpg]The helical jet
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y: angle bw the jet axis (z) and the line of sight

6: angle bw the local jet orientation and the l.o.s.

&+ helix pitch angle

${t) : azimuthal orientation of the first slice of the
Jet, changing with the helix rotation
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  [image: image456.jpg]THE CASE OF AO 0235+16

Possible periodicity : T = 5 - 6 years
(Raiteri et al. 2001)
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The observed light curve shows many minor
outbursts interspersed among the major ones:




[image: image463.jpg]o

5

n

o |
o 2000 4000 6000 8000 10000
Julian Date — 2442000

Periodical outbursts extracted from the observed LC
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2
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Hyp.1: X-rays from inverse-Compton process
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(Ostorero et al. 2003, A&A, in prep.)





[image: image469.jpg]Hyp.2: soft X-rays from synchrotron process

AO 0235+16

tog v [Hz]

- Steep X-ray spectrum for
small viewing angles ¢

- Compton peak in the MeV region
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2004, 2009, ...
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FUNDAMENTAL : Broad-band MW observing
campaigns

2003-2004 ongoing campaign (see talk C.Raiteri):
intensive monitoring in the
radio/optical/X-ray bands
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The helical model provides a geometrical
interpretation of blazar multifrequency

variability

The rotation of a steadily-emitting helical jet
can describe:

> the long-term SED time evolution
> the long-term behaviour of multifrequency
light curves of periodic sources

The presence of minor outbursts interspersed
among the periodic ones (case of AQ 0235+16)
could be ascribed to:

1) geometrical distortions of the helical
structure
2) contribution of some other phenomena

(> pinching)




Campaign session I: Past and ongoing campaigns

The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 66A  –  C. M. Raiteri, M. Villata, M. Böttcher, on behalf of the WEBT collaboration
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[image: image473.jpg]The ongoing WEBT/ENIGMA
campaigns on AO 0235+16
and 3C 66A

C. M. Raiteri, M. Villata, M. Béttcher
on behalf of the WEBT collaboration

Testing long-term trends,
Intra Day Variability,
Microlensing




[image: image474.jpg]Simultaneous MW monitoring of 3C 66A
(WEBT+RXTE+STACEE+CELESTE+VERITAS+VLBA)

Campaign manager: Markus Béttcher .
Scientific tasks:

Period: mid Sept. — mid Dec., 2003
a) Measure simultaneous SED

from radio to TeV band

Test for flux and spectral
variability on long time
scales (weeks)
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[image: image476.jpg]AO 0235+16: periodic behaviour?

P=57+05yr
Next outburst:

Feb-March 2004

!

‘WEBT campaign:
radio+near-IR
+optical

(Raiteri et al. 2001, A&A 377, 396)




[image: image477.jpg]WEBT participants

Radio observations: UMRAO + Metsihovi + RATAN

IR observations: JHK at Campo Imperatore, Italy (1.1 m)
Optical observations (preliminary):
KOREA: Sobaek Telescope (0.6 m) INDIA: Vainu Bappu Obs. (2 m)
UZBEKIST AN: Maidanak Obs. (1.5 m) UKRAINE: Crimean Obs. (1.25 m)
FINLAND: Tuorla Obs. (1.03 m), Nyrola Obs. (0.4 m)
GREECE: Skinakas Obs. (1.3 m)
ITALY: Catania Obs. (0.91 m), Vallinfreda Station (0.5 m),
Armenzano Obs. (0.4 m), Perugia Obs. (0.4 m), Torino Obs. (1.05 m )
SPAIN: Teide Obs. (0.82 m), NOT (2.56 m)
USA: Bell Obs. (0.6 m), SARA Obs. (1 m), Mt. Lemmon Obs. (1 m),
Coyote Hill Obs. (0.28 m)
MEXICO: San Pedro Martir (1.5 m)




[image: image478.jpg]AO 0235+16: XMM observations

3 XMM pointings approved with priority A:
1) 30 ksec, January 18-26, 2004

- Testing rapid X-ray variability and
radio IDV with Effelsberg

2) 10 ksec, August 1-15, 2004
3) 10 ksec, January 21-31, 2005

- Testing long-term X-ray spectral changes
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VLBA observation plans for AO 0235+164 and 3C 66A  –  L. O. Takalo, T. Savolainen, K. Wiik
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[image: image484.jpg]VLBA observation plans for
AO 0235+164 and 3C 66A

L.O. Takalo, T. Savolainen, K. Wiik

Tuorla Observatory




[image: image485.jpg]Multifrequency plans

. WEBT

. KV A (Polarization)

. Radio (Metsahovi, Michigan, Bonn)

. VHE (Whipple, MAGIC, Celeste, Stacee)
. XMM (AO 0235+164)

. RXTE (3C 66 A; Bottcher)




[image: image486.jpg]Plan

. Wavelengths: 13, 6, 3.6,1.3,0.7, 0.3 cm

. Frequences: 2, 5, 8, 22, 43, 86 Ghz

. Including Polarimetry

. Polarimetric calibration sources: 0420-014,

3C454.3, OJ 287
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[image: image488.jpg]Plans for 3C 66A

. 3C 66A received 9 epochs (asked for 6)

. 3C 66A already in the "dynamical queue" with
high priority. First epoch will be observed soon as
weather and antennas are in optimal configuration.
Then we will get observations once a month.
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[image: image490.jpg]Plans for AO 0235+164

. AO 02354164 received 15 epochs (asked for 10)
. Will be in "Dynamical queue" soon with high
priority.

. Then we will get about observations once a
month.
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[image: image492.jpg]Expected Results

. Multifrequency Radio maps

. Polarization maps

. Jet changes at several epochs: Components,
component movements and speeds, flux and
polarization variability

. Spectra for each component and it's variability
. Frequency dependent polarization

. Multifrequency spectra




L3 CCD campaigns – update  –  N. Smith, A. O’Connor, A. Giltinan, S. O’Driscoll, J. Howard, S. Wagner, M. Hauser
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Dr. Aidan O’Connor
Alan Giltinan
Stephen O’Driscoll
John Howard

Cork Institute of Technology

Prof. Stefan Wagner

Marcus Hauser

LSW, Heidelberg




[image: image495.jpg]_ % sources Observed (Sept.)

PG 0716+714
BL Lac
PKS 2155-304
Mrk 501
PG 1718+481




[image: image496.jpg]ﬁ L3 ENIGMA Campaigns

m 2.2m telescope at
Calar Alto

= 7 nights Jan/Feb 2003
= 6 nights Sept 2003

m Operated at Cass and
using LSW focal reducer

= Approx. 70,000
science frames in Jan

= Approx. 340,000
science frames in Sept.





[image: image497.jpg]At 4 frames/s a 6-day

run generates 690
GIGABYTES of data





[image: image498.jpg]fjé Andor L3 Operational Modes

= Single Frame Mode
- cycle time is approx. 0.6s

= Kinetics Mode
cycle time is approx. 0.05s
uses virtual memory
generates large data volumes (20 Mbytes/s)
ideally requires large-volume backup facility
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[image: image500.jpg]% Quick-look Aperture Photometry

Every nt"frame





[image: image501.jpg]% Differential Lightcurves

EMSSG - FastPhot

*Realtime
photometry
allows
decisions to be
made about
the gross
variability state
of a quasar.





[image: image502.jpg]£ .L!’ Calibration Data

« For each gain setting of L3 we took flatfield images and
bias frames.

« Generated a master-flat and master-bias from these.

« Need sufficient integrated counts to define the flatfield and
zerobias response.




[image: image503.jpg]Using the
LSW Focal
Reducer





[image: image504.jpg]2

>~  Data Reduction

= Automated IRAF apphot routines
« Applies flatfield and zero-bias correction.

« |dentify objects in the field.

« Record the integrated flux in apertures of
increasing radius.




[image: image505.jpg]é Generation of Lightcurves

mQutput is piped to IDL program “qvar”

« performs differential photometry using a master
reference star (composed of 4-8 stars

typically)
« provides statistical tests of variability

« allows different background determination
methods to be use

« tracks variations in fwhm, position, apparent
maghnitude, airmass

« allows rejection of variable stars or data points
affected by cosmic rays




[image: image506.jpg]Differential Lightcurve of 0716+714 over 10 minutes
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[image: image508.jpg]26,493 frames of 0716+714

Errors based on scatter in data
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[image: image509.jpg]PG0716+714 — 60s averages





[image: image510.jpg]Stability of Reference Stars





[image: image511.jpg]Stability of Reference Stars
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[image: image515.jpg]Mini-flare in 0954+658
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[image: image517.jpg]Field of 0716+714

Gain =200
Exp. =035

“Variable star"
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2

: }y (Ongoing) Conclusions

400,000 data points from two campaigns

Reliable, but not photon-limited photometry

Night-to-night averages show stability in
reference stars to 1mmag

Lots of well-defined structure — nothing ultra fast
“Staircase flaring” in PG0716+714

“Classical flare” in 0954+658

v sharp rise, slower fall.
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Campaign session II: Future campaigns

Outlook on the AGILE mission  –  L. Ostorero, M. Tavani, S. Vercellone, M. Villata, C. M. Raiteri
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ON THE
AGILE MISSION

Luisa Ostorero ®

M.Tavani @, S.Vercellone ®,
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  [image: image522.jpg]AGILE: Astro-rivelatore Gamma
ad Immagini Leggero

5 e 7
* ASI Small Scientific Mission dedicated
to gamma-ray astrophysics
(PI: M.Tavani)
Imaging:

10-40 keV  : Super-AGILE
* Planned to be operational in
* Only mission entirely dedicated to

gamma-ray astrophysics (E>30 MeV)
during 2005-2007




[image: image523.jpg]AGILE INSTRUMENTS

FOV ~ 3 sr (1/5 sky)
Energy resolution AE/E ~1 at 300 MeV
Source Loc.Accuracy  5'-20' (S/N~10)

Sensitivity at 1 GeV  4e-11
ph/cm?/sec/MeV
(1000 ksec)

Super-AGILE: 10 - 40 keV




  [image: image524.jpg]AGILE & BLAZARS:
Energy range

AGILE GRID
30 MeV-50 GeV





[image: image525.jpg]AGILE AND BLAZARS:
Sensitivity
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  [image: image526.jpg]AGILE EFFECTIVE AREA

AGILE on axis
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[image: image527.jpg]AGILE
SOURCE LOCATION ACCURACY

---- EGRET
AGILE
Super-AGILE

wo wes  wa s

Vidspuees)

(fromTavani 2002, proc. 3'¢ AGILE Workshop)

F v = 30 x 10-2 ph/cm?/sec/MeV (E>100 MeV)
Teff= 1 week

0 (EGRET) = 17 °© dv1.3°
0 (AGILE) = 28 ° d~0.7°



  [image: image528.jpg]AGILE ALLOWED POINTINGS

September

SOLAR PANELS TELESCOPE AXIS
L SUN-EARTH LINE // SOLAR PANELS

ALLOWED POINTINGS
DIRECTED ALONG THE

ECLIPTIC MERIDIAN AT
+ 90°
FROM THE SUN





[image: image529.jpg]EXAMPLE OF A POINTING

JAN 06

AGILE allowed pointing
directions on January 06

—_— ecliptic



  [image: image530.jpg]EVOLUTION OF THE
POINTING AREA

JAN 06 - FEB 05




[image: image531.jpg]EVOLUTION OF THE
POINTING AREA

JAN 06 - FEB 05



  [image: image532.jpg]EVOLUTION OF THE
POINTING AREA

JAN 06 - FEB 05




[image: image533.jpg]MULTIWAVELENGTH
FOLLOW-UP PROGRAMS
FOR BLAZARS

The AGILE mission is planned in
collaboration with the MW astronomers:

The SCIENCE SUPPORT GROUP

!

Suggestions for an AGILE viewing-plan
optimized for simultaneous

MULTI-v / y-RAY
observations of blazars




  [image: image534.jpg]GAMMA-RAY ACCESSIBLE SKY

March 20




[image: image535.jpg]GAMMA-RAY ACCESSIBLE SKY

March 20

AGILE FOV radius = 60°

120°-wide sky belt
accessible to y-ray observations



  [image: image536.jpg]GAMMA-RAY ACCESSIBLE SKY

AGILE FOV radius = 60°

120°-wide sky belt
accessible to y-ray observations




[image: image537.jpg]X-RAY ACCESSIBLE SKY

March 20

Super-AGILE FOV radius = 20°

40°-wide sky belt
accessible to X-ray observations



  [image: image538.jpg]AGILE-OPTICAL
ACCESSIBLE SKY

March 20

¥ 13 y-ray blazars (3: opt. mon.)
v 1 blazar (y ?)
¢ 5 Galactic sources




[image: image539.jpg]AGILE-OPTICAL
ACCESSIBLE SKY

March 20

¥ 14 y-ray blazars (9: opt. mon.)
v 13 blazar (v ?)
® 2 Galactic sources



  [image: image540.jpg]A POSSIBLE POINTING
STRATEGY

To obtain the best results from coordinated
AGILE & OPTICAL

observations of blazars, the AGILE observing
strategy should take the following criteria into
account (Ostorero et al. 2003, in preparation):

1 YEAR CYCLE SURVEY

12 POINTINGS , lasting 1 MONTH,
ensuring the coverage of the whole sky

HOMOGENEITY in R.A. for sources
inside each pointing area

Choice of the POINTING PERIODS in
agreement with:

- the AGILE instrumental constraints

- the position of the sources in the night sky

- the position of the main X-ray sources in
the Super-AGILE FOV
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  [image: image542.jpg]CONCLUSIONS

AGILE is the next X-ray / y-ray
mission, operating in 2005-2007

The mission will be planned in
collaboration with the multiwavelength
astronomers (Science Support Group) to
optimize the science return.

The first result of the AGILE-
OPTICAL collaboration is the viewing
plan shown here.

The ENIGMA Network plans to
collaborate with the AGILE Team with
multiwavelength studies and coordination
of telescopes operating in different
energy-bands.




Souvenir photos
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