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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. Raitert and Massimo Villata
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Introduction by the Network Coordinator

ENIGMA

E uropean
N etwork for the

I nvestigation of

G alactic nuclei through
M ultifrequency

A nalysis

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)

Second ENIGMA Meeting 2 C. M. Raiteri, M. Villata (eds.)



Introduction by the Network Coordinator

Research

» 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.

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?

Second ENIGMA Meeting 3 C. M. Raiteri, M. Villata (eds.)



Introduction by the Network Coordinator

Additional action items:

* Young Researchers' session
* Monday moring (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 activitics. Other suggestions?)

* 3rd ENIGMA meeting, 1¥ ENIGMA school

General information

ENIGM A

* WWW
A1t e Sebas thesueh tseeaten pecggam hiip:/sw ww.dsw.uni -heidelberg de/enigma. himl
European Diverview . Linked pageS:
Metwork tor the Srlence enigmaVaC - html
Investigationof ¥ = i - enigmaSCi . html
Cialactic nuelel B Tohs o T
through * Comments, correclions,
Viultifrequency Al and additions welcome.
Analysls Bublilgns ; . .. .

* On-line editing at this
e S R D meetin g

Second ENIGMA Meeting 4 C. M. Raiteri, M. Villata (eds.)



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

Session I: Towards automated, fast, and accurate
photometry

Task 1. Towards automated, fast, and
accurate photometry — N. Smith

TASK 1

Convener: Niall Smith (CIT)

Deputy: An Enigma. . ...

Second ENIGMA Meeting 5 C. M. Raiteri, M. Villata (eds.)



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

ginal Proposal Statement

Currently most optical monitoring programs are run by ohservers 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 robofic telescopes that
shall be operated by several ieams of the network.

A Second “Big-Bang” Is Coming...

Do WE have a plan???

Second ENIGMA Meeting 6 C. M. Raiteri, M. Villata (eds.)



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

ENIGMA network has much expertise in photometry
already

WEBT

Perugia Monitoring Programme
Tuorla

Abastumani Programme
Heidelberg

Cork

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

Second ENIGMA Meeting 7 C. M. Raiteri, M. Villata (eds.)



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

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
Systematics

yielding deriving

photometric error of 0.58mmag (~0.06%) Johnson
magnitudes
between

observers

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 e

What should be the priority targets for monitoring
campaigns

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

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

Second ENIGMA Meeting 8 C. M. Raiteri, M. Villata (eds.)



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

Yet more questions

What is the role for small, robotic telescopes

off-the-shelf commercial instruments up to 60cm 7
upgrades to existing instruments (e.g., KVA)

How do we a network of robotic telescopes?

Can it be achieved ?

How might we fund instrument development within the
ENIGMA network?

“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???

Second ENIGMA Meeting 9 C. M. Raiteri, M. Villata (eds.)



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

= Automatic management of data from robotic
telescopes will become the norm.

Are WE Ready?

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
hetwork

Second ENIGMA Meeting 10 C. M. Raiteri, M. Villata (eds.)



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

Milestones*

1aa: A better understanding of the parameters
that affect photometry in blazars with resolved
host galaxies — the TeV problem

1e: Definitive tests of theory

Broad Areas

FAST PHOTOMETRY

PRECISION PHOTOMETRY

ROBOTIC TELESCOPES

INTENSIVE MONITORING

COORDINATED MONITORING

Second ENIGMA Meeting 11 C. M. Raiteri, M. Villata (eds.)



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

Implementation

Fast photometry
L3

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

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?

Second ENIGMA Meeting 12 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Observations of blazars using EMCCD technology - N. Smith, A.
O’Connor, J. Howard, A. Giltinan, S. O’'Driscoll, S. Wagner, M. Hauser

Observations of Blazars using EMCCD
Technology

Dr. Niall Smith Prof. Stefan Wagner
Dr. Aidan OConnor Marcus Hauser
John Howard
Alan Giltinan

Stephen O’Driscoll

Cork Institute of Technology LSW, Heidelberg

Second ENIGMA Meeting 13 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

High Precision RELIABLE
Photometry of Blazars

A role for EMCCDs?

Technical Drivers

CCD photometry of blazars

» during major flares (rare)

» during “quiescent” phases (more common)

CCD photometry of blazars

» at mmag level

of minutes

Second ENIGMA Meeting 14 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

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

EMCCDs

m New readout architecture using a GAIN REGISTER
m E2V — L3 Vision
e Tl — Impactron

ICCD
Conventional CCD L3ccr

: : Serial register
Serial register 3 =

Second ENIGMA Meeting 15 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Conventional CCD clocking

Insulating layer
Surfaceelectrodes
Charge packet {phote-decirons) . .
’ Metype silicon

P-iype sdicon

nhial Energy

T U

Clharge Ela.«:}:ds acrupy potenisEl minwmms

Fat

In this diagram we see a small section of the gain register

Craiiry glectinds

Potential Encrgy

Second ENIGMA Meeting 16 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

SNR for Conventional CCD

SNR = QLL[QL{T+B.) +N2 | **

= Quantum Efficiency

Photons per pixel per second
= Integration time in seconds

Sky background in photens per pixel per second
= Amplifier (read-out) noise in electrons RS

SNR = QLLF,.[QLE (I +By) +N

5’ = 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.

Second ENIGMA Meeting 17 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

L3 CCD

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

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

-

— Conventional CCD

— LLLCCD

Sigral Lewdd

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

Second ENIGMA Meeting 18 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

How is the photometry affected by CIC?

Second ENIGMA Meeting 19 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Clock Induced Charge

P P,

-" Texas Instrumentg
— AP

Howisthe Ol ne. o8 . amt vy CIC?

Subsample of Results

Differential Lightcurve of 0716+714 over 10 minutes

Q — Rbar. 07160203 001 C 01 00 Errscale: 1.00 ; Ap: 9
—-3.10]_

—0.05

Hagnitude

Poisson errors;

Second ENIGMA Meeting 20 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Time averaging — PG0716+714

Reduced x2 values for 4 stars from 4576 frames,
with a duty cycle of 1s.

- 3 frames

Number of seconds averaged

Time averaging — PG0954+658

Reduced x2 values for 4 stars from 1786 frames,
with a duty cycle of 4s.

o = R L th O

Number of seconds averaged

Second ENIGMA Meeting 21 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Our unstable atmosphere

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

Field of 0716+714

Second ENIGMA Meeting 22 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

i

=

T

T S A0 Wm0 W0 s w0 m Gan g eHn e p0  eM0 0 TioR TG T

1l pesEszEgscd

gluivell oo Fotn.zr aer 0s ol S B | | e, =
- .4?.5.'1.-'-"'.5.'] e ®],a_”¢_l (- :

e A OOE A S-d- AR R

26,493 frames of 0716+714
(February 2003)

] — Bbar, pg0716-67 Q0 1 1 1 1 0 Q Errac.; 1,00 600 = Ap: 3
4 T T T T T T T T T T T

| oo iﬂ'ﬂ y
Errors based on scatter in data b

Second ENIGMA Meeting 23 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

Subsample of Results

Stability of Reference Stars

Scatter = 1, 7mmag

Subsample of Results

Mini-flare in 0954+658
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Session I: Towards automated, fast, and accurate photometry
Observations of blazars using EMCCD technology — N. Smith et al.

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 guantities of
data very quickly even on small telescopes

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

Do we need these frame rates?

Second ENIGMA Meeting 25 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Optical & radio analysis of radio intermediate quasar — PG 1718+481 — M. J. Howard

Optical & radio analysis of radio

intermediate quasar — PG 1718+481
— M. J. Howard

+2. 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 Parthers:

Landesstermwarte, Heidelberg, Germany
University College Cork

University College Dublin
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Session I: Towards automated, fast, and accurate photometry
Optical & radio analysis of radio intermediate quasar — PG 1718+481 — M. J. Howard

+2. EMSSG
Environmental Monitoring & Space Science Group

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

+2. EMSSG
Environmental Monitoring & Space Science Group

1 - What is a Radio Intermediate Quasar (RI1Q)?

¢ 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
precigion photometry

= Weak optical Jet or not???

»  Posgible angwers to jet

formation?

Second ENIGMA Meeting 27
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Session I: Towards automated, fast, and accurate photometry
Optical & radio analysis of radio intermediate quasar — PG 1718+481 — M. J. Howard

+2. EMSSG
Environmental Monitoring & Space Science Group

* 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)

Sieepseumn P uisas

* 10<R =250

A1 R 00w e 3 6% 11 X S 100 X0 W0 0 A0 ¢
K

Falcke 1996

RQQ’s with flat radio spectra — common for RLQ’s with Jets
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+2. EMSSG
Environmental Monitoring & Space Science Group

* Evidence for RIQ’s ;
— 8ix RIQ's (Falcke et el., 1996 a,b) g @
— relativistic boosting o
— Lorentz factors of 2-4 e
— suggestive of low powerjets =000

s Tllzw 2 (0007+106) — superluminal motion ¢ 2
(Brunthaler et al., 2000) i ‘

* 3 objecis — high brightness temp - ~10" K R i
& compact cores (EVN & Merlin)

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

Falcke 2000

+2. EMSSG
Environmental Monitoring & Space Science Group

Radio-Loud / Radio-Quiet
dichotomy

Why do only 10% have jets?

= RIQ’s could represent a link between radio-QUIET quasars and radio-LOTD
quasars. ..
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+2. EMSSG

Environmental Monitoring & Space Science Group

2 — Optical Data Reduction

+  Over the past decade astronomy has experienced a *‘data-

explozion” — envelope for high end projects at TByte
volumes

* Trend has affected more modest projects — data from a week
long obgerving run on a medium sized telescope now

approaches GB volumes. — Example, recent run to Calar Alto
took 340 GB

*  Recent emergence of 1.3 CCDs will exacerbate this problem

» Feasibility of visual interaction with the images in our data
sets will diminish

+2. EMSSG

Environmental Monitoring & Space Science Group

Ultra High Precision Photometry

= Differential Photometry compares brightness changes of quagzar with master
reference star

= From raw frames to light curves - two programs

- Photmate (3. O Driscoll) — Generates an aperture magnitude file for
entire data set

- Qvar (A. O Connor) — Creates differential light curves from
photmate text file
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+2. EMSSG
Environmental Monitoring & Space Science Group

3 — PG 1718+481 in the R-Band

»  Two nights of data with 1.3 » 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
{3 frames per second) mode

*+ Night 2 —20/21 — sep 2003
+ 1715 frames in 15 minutes

» 7 reference stars for accurate

photometry
(2 frames per second)

s  Total = 6245 frames in 30 mins

+2. EMSSG
Environmental Monitoring & Space Science Group

J-Rbar nightly averages

» Q-Rbar nightly A T
averages

* Very small error bars

« o waribility within

a few milli ma
b Error bars + 1.3 milli mag

Error bars + 2 milli mag

Days
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+2. EMSSG
Environmental Monitoring & Space Science Group

(J-Rbar — night 1 & 2 — Ssec averaging

+2. EMSSG
Environmental Monitoring & Space Science Group

Star 2, 3 & 7 stability

Days . : Days

Days
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+2. EMSSG
Environmental Monitoring & Space Science Group

Reference star 5

[} FE iy e oy T 1B >4% 1 3 @ 7 T 1 B} Errse T, 490 S0 -my Mg =3
2 , r - - —

+2. EMSSG
Environmental Monitoring & Space Science Group

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®, Ongsala,
Torun, Jodrell Bank, Urumqi* & Sheshan (*=failed)

« 5 GHz (6 cm)

RIQ - List
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+2. EMSSG
Environmental Monitoring & Space Science Group

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 (Polarization studies)

« TF the jets of RTQ)'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

+2. EMSSG
Environmental Monitoring & Space Science Group

Analysis by Puschell et al.

* 6 cm observations by = o % b _—|
Puschell et al. (1986) °

» 70% flux — unresolved
component

* 30% flux — curious
structure — faint jet?

DECLINATION

* Concluded that any
extended emission — much
weaker than normal radio o 0

: 46 L i
galaxies 56.6 56.4 56.2 56.0

RIGHT ASCENSION
100 mas
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+2. EMSSG
Environmental Monitoring & Space Science Group

Amnalysis 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
+2. EMSSG
Environmental Monitoring & Space Science Group
Final Map
* 5 GHz Map

* Core — 3 mas x 3 mas

» Extended feature 4 mas from core
& ~60° 7

» Similar direction to Caccianiga
and Puschell radio maps i

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

6 mas
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+2. EMSSG
Environmental Monitoring & Space Science Group

Conclusion

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

* Some gtructure from inner component (6 mas) at 3 GHz

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

* Produce maps of IIIZw2 and PG 2209+18
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Optical monitoring in Torino and near-IR observations at TIRGO -
S. Crapanzano, M. Villata, C. M. Raiteri, L. Lanteri, N. Marchili

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

Torino Astronomical Observatory
— 10 i y

Image cred Nigital Group, Dana Berry
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.Optical monitoring in Torino

——C MR METCMCOR TN 3C 66A
R b2k AO 0235+16
' ' S5 0716+71

Q] 287
La B R Bl s4 0954465
Mkn 421, Mkn 501
% Ksa |w 3%l ON 231
g€ 273, 80278
PKS 1510-08
BL Lac, CTA 102
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.Characteristics of the REOSC

Prii diameter 1050 mm;
paraboloidal shape;
focal length 9943 mm
plane; linear obstruction 60%

UBVRI std (Johnson-Cousins)
photometric filters

nharrow band filters

Scancam CCD Camera

-

i DLR

Designed and built by of Berlin
(Deutsches zentrum fur LUft und Raumfahrt)

-

Loral 2048 x 2048 pixels

Pixel dimension of 15 um

Field of view of 10 x 10 arcmin

Image scale of 0.3 arcsec/pixel
- Working temp. of — 94°C .
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REOSC automation project

Was performed by ATEC Robotics
(Advanced TEChnologies for Research and Industry)

= Changes in telescope and dome
= Addition of meteorological station
= Hardware and software layout

-

Local meteo data

m Rain

m Wind direction
m Wind speed*
m Temperature
m Humidity

m Pressure
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.Telescope,. auxiliary and CCD
: control systeni

Observatory Control System,
Telescope Control System,
Imager Control System
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.Characteristics of the TIRGO

diameter 1500 mm

-

wobbling

J,H, K
harrow band filters

ARNICA Imaging Camera

ARcetri Near Infared Camera, designed and built
for the TIRGO by the Arcetri Observatory for the
near infrared bands between 1.0 and 2.5 um

256 x 256 pixels
Pixel dimension of 40 uym
Field of view of 4 x 4 arcmin
Working temp. of 76 K
- Image scale of 1 arcsec/pixel *

Second ENIGMA Meeting 42 C. M. Raiteri, M. Villata (eds.)



Session I: Towards automated, fast, and accurate photometry
Optical monitoring in Torino and near-IR observations at TIRGO — S. Crapanzano et al.

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
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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

ical monitoring:
caniwe do?

C.M. Raiteri, M. Villata
on behalf of the WEBT
collaboration
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jum size telescope
-

Observations of
 Avigeist 29-30, 1997

with the 1.05 m
lescope of the Torino

Qbservatory

Gaps due to B-band
EXposures

37 R and 7 B frames

. Cal 3 in 7.4 hours
S8R50 i

fulisn Date — E445000 At(B"‘R)Nl 0 mill

At(R)y~12 min

1598 /06,2805 29.10 28.15
v B i | R S B B B =
1360 3
E .9 &g:: gg'f)so em) * ] 5 : i
e Shisiakan ¢ ]  m Telescopio
5162 9 o
_ ] nale Galileo
GSBQ_— = :
L] ] 3
13855 bid 3
: W z
o i % E 36 Band 36 R TNG
iz B - 1N ] s "
s S L o ] frames in 3.3 hours
El ¥ 4“4 8 - -
e ] At(B+R)~2.8 min
prrrpe 535050 prrrpe 523070 At(R}"SS min

haliem Date — 2445000

BUT: limited vigibility period, weather-dependency, read-out time
congtraint, and difficulty in obtaining monitoring time
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{August -9, 2000}

E rth Blazar Telescope
-

BL T_aertaé .
. :

Observations of
in
Augrist 2000

7 telescopes
from
Uzbekistan to
La Palma

219 R final data
in 10.3 hours
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B ith Blazar Telescope
L —

BL Lacertae (August 1-2, 2000}
; -

Observations of
in
Augrist 2000

8 telescopes
from

] Uzbekistan
= to Western
Canada

[
14,10 ? %* + University of Victoria
wi

| # Tori

14,20 1e: (E
o Perugia Nt it

172 R final data
in 18.2 hours

At(R) < 6.3 min

& Abastumani

FITTTTTTTT T TITrTTT

14.30 e e e =S
328 33.0 a2z 334
Julism Date — 2451735.5 = Day of July 2000

7 .. N > :
BL Lacertas  {fuly 18 — sugust 17, 2000) Observations of
" A % W during the core WEBT
W

wol- Tl w b il Rl campaign 2000 (July 16-
o - iy y #N ﬁ“ ‘* ﬁ ith 7

August 12)

19 telescopes from Japan
to Wester Canada

mE_ e | ‘.,.,. ! Blue/red segments indicate
i f#ﬁ\i%d ¥ \\-‘ hl“ﬂ J ;
n_e:— L h' w
B B 2888 R final data in 27 days
| ] > 107 data/day
‘\\ : ‘,,‘q' ] At(R) < 13 min
i #lﬁh .
il A e o
i Problem: paucity of observers

dultex Date — 245100 in the Pacific area
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SMDV ini the optical band
s tonvelve ailarge number of
observers spread in longitude
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Interpretation of intrinsic/extrinsic IDV - S. J. Wagner
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Multi-frequency polarisation
observations as tool for a better
understanding of IDV - T.P.

Krichbaum
Multi-Frequency Polarisation
Observations as Tool for a better
Understanding of IDV
Thomas P. Krichbaum, MPIfR, Bonn
Literaiure:

Qian §.J.,, Witzel A., Kraus A., Krichbaum T.P., & Zensus J.A., 2001, A&A 367, 770.

Qian 5.J., Kraus A., Zhang X-7., 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, Ap.J 581, 103.
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Annual intengity
variations due to :
orbital motion of . =< — Scattering Screen
Earth | N Focused and De—Focused Light
Earth Orbital Plane
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Component Motion in 0817+62 (15 GHz)
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Session II: Separating intrinsic and extrinsic intraday variability

Example: IDV in 0917+62
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May 1989, VLA + EB
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» gampling : ~ 1 hr
* m=5.7%, m_=11.6%, Apa=6-8 deg

Quirrenbach et al 2000, Cian et al. 2001
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Polarisation and total Intensity are strongly correlated

D.28 r
0917+62 @ 20cm AP
D14
DoD ¢
014
P scaled by ~ 2.36
028 ! | corr. coeff. 0.97
TEes0.0 JE51.0 TES2. 0 768530 TES4. D il |
Epoch (JD-2440000) e
= Lot
This proportionality implies that RISS might be at + et
work, At shorter wavelength, however, we see A
correlations and anti-correlations betweenI & P! AL
Qianstal 2001 =5 —

NS
{otel irferaity 3

;l-"'-iﬂ w Es

a1d B Bi2 813
palarred inrtenaity

[ and P anti-correlate

i
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Multi-component modelling

0917+62 @ 20cm

Oy

2 component model:

- .-'\\.
one steady component = - VA |
. NoJ VR
one variable component 2 k. -y
2 =0 :f- !
£

Ity = L+ %I L =ILgtly
Q(t) iz QD o Q(I(t) qu QD = IID mql it IQD mqg :.‘%sca Lo s 78830 resa0 BE50  ESHD
U =Uy+ &Il m, Uy =Lymy +Iymg,

m, = p;eos 23, m,; = ppeosal,

m,, = p,sin 2, my; = p,sin 2N, };.m o
%j !", ‘I:.-lllnIl v"\-‘-’. %
§ g

The polarized flux 1s fitted, E %

but the polanzation angle not.

— need a third component i

Cian et al 2001

Multi-component modelling

0917+62 @ 20cm

Oy

2 component model:

one steady component = - VA |
. NoJ VR
one variable component 2 k. -y
g 20 ¥ '-_.
20 - 4

I) = L+ &Iy Iy =Lgtly
QW =Q+ &Iy m,  Qy =Tymy +1Iy:
U =Ty +&lm, Uy =Lgmy +I,: *°/

m, = p;eos 23, m,; = ppeosal,
m,; = p;sin 2y, m, = p;sin 2y, 5
E 280
The polarized flux 1s fitted, sl
but the polanzation angle not. ‘ RISS model
180 - - g - 8 - B - B . - - L L al
—s need a third component S A

Cian et al 2001
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Multi-component modelling

3 component model:

one steady component

two variable components

I = L+ SLEH+ SLH

QM) =Qp + &L my + &L{Hm
Ut) = Uy + &L m, + &Lt my
time off set between &L (t) and &L (t)

3 components fit much better

but still the PA - fit is not satisfactory.

—sadding 4 or 5 components

doesn’t help

3 component model:

one steady component
two variable components
I) = L+ &L+ %L
QM) =Qp + &L my + &L{Hm

U(t) = Uy + &Lt) my + &I(t) my,
time off set between &L (t) and &L (t)

3 components fit much better

but still the PA - fit is not satisfactory.

—sadding 4 or 5 components

-
120 . "
& »
-
oo L ‘.’.t':: A
= f L 3 ]
N Ao
. .
- .
60 l .- 5
40 %
2n
oo
ﬂ'nﬁ!.OD T|E0 TeEE0 -ﬁf.ﬁ_ﬂ TESd O TESI 0 G-Eil
.
. L
i L
: i I
&5 - 3 . e .
- b [ ] [ %
= - ~, - [] =
. . N
= .. '-__‘,'"' - ,.'
2 .
.
.
.
™o -
w00 B Te3Z.0 TeAI 0 e D TEXIQ TEIG0
Epoch WD 2440000
Multi-component modelling
80
140 =
-
after subtraction of model
" ] :\-,"
) o el — ..‘,.-. =
B - < o
N | e
i T 2y A %
PR
' '.;, wEL
7653 0 6550
-34 -1a 1.0 30 &0 7a
Q(mly .
A .
: i I
= S 3 . e .
E LY F, " [y
= - ~, - [] =
. . N
= .. '-__‘,'"' - ,.'
2 .
.
.
.
™o -
w00 B Te3Z.0 TeAI 0 e D TEXIQ TEIG0

doesn’t help

Second ENIGMA Meeting

Ly

S

50

10 F

50

66

C. M. Raiteri, M. Villata (eds.)



Session II: Separating intrinsic and extrinsic intraday variability
Multi-frequency polarisation observations as tool for a better understanding of IDV — T.P. Krichbaum

Multi-component modelling

So= 400 mJy, 1202as, m=12%, K'=0.63 days
S;= 300 mJy, 65Jas, m=7.5%, K =0.34 days

200.0 1
0917+62 @ 20cm
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T oo
3
-100.0
-200.0 ¢ L X |
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Epoch (JD-2440000)
3 component model fits intensity very well
Cian etal 2001
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Rapid Intensity and Polarization Varations in PKS 0420-385
8.6 GHz, June §-10, 1996
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3 polarized components  {: /s/\ 3 . =
E 2 \ L i / | e P
(17 variable parameters) | S/ \/ 2 di e

this fits the Q-U cross _ : . -
correlation (and therefore : ' 2
the polarisation angle)
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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-stimcture is required on mikro-arcsecond scales.

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

+ after subtraciion 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 correlaied to anti-corvelaied would require a
scoordinated variation® of at least 2 scintillating componenis.

* The ohservations 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, ), 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

Elimination of Confusing Sources in
Cosmic Background Imager Fields

Emmanouil Angelakis

Max Planck Insfitute fUr Radioastronomie
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OUTLINE

Cosmic Background Imager (CBl)

. Brief description

. The necessity of the 100-m telescope
Our Project

. The motivation

. Description

. Current Status

. Further goals
Immediate Future Plans

The Cosmic Background Imager

de
ers of alfitude
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The Cosmic Background Imager

eg

essary *
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Our Project: Motivation

&t

th Sl b ; - distort”

Our Project: Description

ral indices

Second ENIGMA Meeting 73 C. M. Raiteri, M. Villata (eds.)



Session II: Separating intrinsic and extrinsic intraday variability
Elimination of confusing sources in Cosmic Background Imager fields — E. Angelakis et al.

Our Project: Description

Our Project: Description
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Our Project: The “on-off" method

* Sub-scan

Sub-scan 1
Sub-scan 2
Sub-scan 3

Sub-scan 4

Our Project: The “on-off" method

Sub-scan 1 P
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Our Project: The “on-off" method

Our Project: The “on-off" method

!

;
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Our Project: Description

expected &

ii.Effort  hadW BN /i
optimization ™A\ @Y 10 observing
technique 8
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Our Project: Further Goals

iii.InTrO—Doy

iv.Detailed BRtUdy/Aofy atmospheric
influence oNradligy gls@rvations

v.And more...

analysis
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Session lll: Variations of source structure and flux

Introduction to Session lll: Variations of source structure and flux -
M. Tornikoski
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Goals

High-resolution VLBI imaging.

Long-term flux density monitoring
at all wavebands.

Merja Tornikoski
Metséhovi Radio Observatory

Methods

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

Merja Tornikoski
Metséhovi Radio Observatory
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Present situation

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

Multifrequency campaigns.
Campaign session | & |l on Tuesday.

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

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

Merja Tornikoski
Metséhovi Radio Observatory

ENIGMA multifrequency data and
campaign information web page

http: s 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
Metséhovi Radio Observatory
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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
Metséhovi Radio Observatory

See the following demonstration
and
help me update the info page
(+ help me keep it up to date)!

Merja Tornikoski
Metséhovi Radio Observatory
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Radio variability of inverted-spectrum sources — M. Tornikoski, I.
Torniainen

Radio Variability of
Inverted-spectrum Sources

Merja Tornikoski
llona Torniainen

Metsahovi Radio Observatory
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Inverted-spectrum sources

GHz-peaked-spectrum (GPS) sources,
In general:

Vturnover 4 1 GHZ
Compact.

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

Low optical polarization.
Superluminal motion appears to be rare.
« GPS sources identified with QS0Os have large z's.

GFE_gunenic

Merja Tornikoski
Metséhovi Radio Observatory

Our work: objectives

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

10 T T
New GPS sources. SRR
Extreme-peaked sources. )

. 5 *: ;

Variable flat-spectrum vs. £ »’;fo’ .-
‘genuine” GPS sources. p b 2 !
VLBI structure of high-peaked l
sources.

i 1 10 100 1000

: 2 Fregquency [GHz]
Tornikoski et al.

Merja Tornikoski ARA 120. 2000
Metsahovi Radio Observatory i
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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
Metséhovi Radio Observatory

“‘Bona fide GPS sources”:
With long-term monitoring very few retain the convex shape!

| Boszszs | B2 a8
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i ‘4 - .
| .
L[]
2 - 1 1 1.
Freqocaay [GHz] Fregoeauy [GHz]

Merja Tornikoski
Metséhovi Radio Observatory
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Effect of sparse data taking:

Flux denaty {1y]

Merja Tornikoski

Metséhovi Radio Observatory

L
i}

Fraguency [GHz]

Effect of sparse data taking:

Merja Tornikoski

Second ENIGMA Meeting

Flux denaty [1y]

0528+134

Metséhovi Radio Observatory

C. M. Raiteri, M. Villata (eds.)
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Only very few genuinely convex spectral

B2134+004

Flux density [JTy]
-
-
L]
L. ___J
LN qﬂ.
(= 2l

9 | i

ol 1 18 Loa
Frequency [(GHz]

Merja Tornikoski
Metséhovi Radio Observatory

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 statel

Merja Tornikoski
Metséhovi Radio Observatory
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W
r BO130-171
iy Somefimes
S & 1 few-epoch obgervations
fn . can reveal the true (?)
g 1f '} i, variability!
-E & $il : \ (Time btw the 2
= ‘/’ 90 GHz data points
i $ 1 =14 years!)
0-1 rovrnd TEiSast Bt S 2 TR TR T MW | TR R TR W 1 L
0.1 1 10 100

Frequency [GHz]

Merja Tornikoski
Metséhovi Radio Observatory

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
Metséhovi Radio Observatory
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Results

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

For many of them, only one-epoch so farl
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%

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

Merja Tornikoski
Metséhovi Radio Observatory

27GEAG1664220
#BL 1ES10444549

T v 1

1 T T i
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Merja Tornikoski
Metséhovi Radio Observatory
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BLO -- conclusions

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

( =» detectable also with Planck-satellitel)

Several highly inverted spectra.

- Variability?

Merja Tornikoski
Metséhovi Radio Observatory

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
Metséhovi Radio Observatory

Second ENIGMA Meeting 91 C. M. Raiteri, M. Villata (eds.)



Session III: Variations of source structure and flux
Quasi-periodic changes in the parsec-scale jet of the quasar 3C 345 — J. Klare et al.

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

e

Quasi-Periodic Changes in the Parsec-Scale Jet

of the Quasar 3C343
- A High Resolution Study using VSOP and VLBA -

Jens Klare
In collaboration with:
LA, Zensus
A Witzel
T.P. Krichbaum
A.P. Lobanoy
E. Ros
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Content of the Talk

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

*Outlook

Lol

The Quasar 3(C345

- Overview -
* 7=0.595, m—=16
® arcs ales
compact region at the base of a 4"jet; diffuse steep-spectrum halo
* mas scales
*VL.BI monitoring since 1979 = long time study
ecore-jet structure
score (D): unresolved, optically thick, flat spectrum,
stationary (Bartel et al. 1956)
*iet: 11 components (C7-C11), different curved trajectories,

Ik &9 @8
o .
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Jet Kinematics: Trajectory of C7

Jet

Kinematic

2 T T T

» 1.6GHz
5GHz
22GHz

“ne

ibaz 1994

2000

05

L
1998
Epoch

496 997
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Jet Kinematics: Tra
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Jet Kinematics: Ejection Position Angle

&
o

&
S

Ejection Position Angle

P.A.ej=2.6° + 0.3° Jyear

| | | | |
1985 1990 1995
Ejection Epoch

Jet Parameters: Constant Lorentz Factor

| 1 1 |
1996 2000 1992
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Jet Parameters: Increasing y
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Trajectory part of Flux Density Peaks
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obanov & Zensus

() Total flux ar 22GHz
A Cove flux at 22GHz

m— Flave mode] at 22GHz
P-BLO7S data

Lobanov & Zensus 1999
1981 1984 1987 1990 1993 1996 1999
Epoch

Merging of Galaxies = Binary Black Holes?
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Merging of Galaxies = Binary Black Holes?

.

o

o

[

|
!
|
|

Quasar Host Galaxies HST+WFPC2. ' ¥ . n

Wales) and NASA

Binary Black Hole Model
] V4

Jet-Component
?fi;;: ' Observer

\
Jet .\

e

)
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Binary Black Hole Model
Binary Black Hole model of Lobanov & Roland

2002:

C7: Kinematic and flux density evolution

Jet-Component '
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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 vears later for C8 than for C5.
3. Component gjection angles vary: Quasi-periodicity of
8-10 years. Long-term variation of P.A
4cceleration of the jet components. Lorentz factor rises
from 3 to 16.
5. Doppler factor rigses from 5 to 30.
6. Angle to the line of sight changes down to: 3.5° >©@ > 0
7.Component flux density peaks due to Doppler boosting.
8. Component flux density peaks show quasi-periodicity
with a period of about 9 vears.
9. Obgervations match with Binary Black Hole model
of Lobanov & Roland 2002:
Precession period in observers frame: 1°
10. Rotation of jet or accretion disc: 8-10 years

Outlook

. Continue VL.BI 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 observatio
Angular regolution ~ 50 parcsec

Array

; g|oba|—mr'n°VLB|

o
ot

n started with the VLBA to the nearby

Ford

apart) at 7 mm and 3 mm in 2002.

4. Test Binary Black Hole model with jet components C8 and C9.
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Structure variability in 0716+714 - U. Bach, T. P. Krichbaum, S. Britzen,
E. Ros, A. Witzel, J. A. Zensus

Structure variability in 0716+714

Uwe Bach

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

Observations

Qur 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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Component Summary

Comp # u [mas/yr] B Ejection date
C1 4 0.857+0.1260 14.29+2.09 1986.71 £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
C4 7 0440 £0.013 7.32 £0.22 1989.77 + 0.13
C5 7 0433+£0.015 7.22+£0.26 1990.79 £0.16
C6 9 0414 £0.018 6.90 £0.29 1992.32 +0.14
CcT7 17 0.366 +0.010 6.114+0.17 1993.21 + 0.06
C8 11 0.321 £ 0.011 5.35 £0.18 1994.44 £ 0.06
C9 10 0.265+0.015 4.41 +0.24 1995.09 £ 0.11
C10 3  0.240 £+ 0.024 4.01 £0.41 1996.54 + 0.24
C11 2 0291+£0.029 5.11=£0.51 1998.18 £ 0.31

2=0.3 Hy=70kms L Mpc ! and gy = 0.5.

Kinematics and Geometry

Using Bapp = 10.3 (C3) and adopting

] s 0 s DA (R S LR e R O 3 ;ﬁsirtg
N 4 'dpp_l-—,{icosﬂ
i 1 we find
] B Ymin Jl + ﬁgpp 10.3
H gnmx = .
“ull io1, eu 1 which corresponds to a Doppler factor of:
= 998, y=15.8 4 : ; rilf
:a- o, YY_” ] §=[v(1—PBcos?)) " ~10.3
"s'f'_a;;"f'f,‘ A 1 The Doppler factor is maximized at ¢ — 0,
5 Ny s which yields:
P e Smax = 2y = 20.6
Be.5, y=1.25 i
o = 1 I — 1
O R N ™ 80 % Byt for IDV § = 30 — 50:
v~ 16.1 — 25.6
0~ 1.0°—0.4°
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Doppler factor vs. apparent velocity
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Summary

* WWe 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 new components shows a weak

correlation

with the radio light curves at cm-wavelengths and the spectral

index.
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VSOP observations of 0716+714

Observations

400

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

» Separations of 6 days and 1 day. g |

» Nearly identical uv-coverage. =

» ~0.25 mas resolution at 5 GHz.

» Simultaneous pointing scans in
Effelsberg.

2

-240

-4
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Ground-array Maps
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VLBI vs. single dish

A2: 29. Sep 2000
[ [mdy] | Al [mJy] | P [mdy] | AP [mdy] | @ [7]| Ag [7]| P [MIV] | AP, [mdy] | @, [°]) Ag,, [']
Core 525.0 18.0} 121 1.2] 49.4 4.1
viBI et 45,6} 3.2 7.4 0.7] -10.8| 5.6 L L e 153
Effelsberg 763.0 12.0} 210 21 234 21
Ad: 4, Oct 2000
I [mdy] | Al [mJy] | P [mdy] | AP [mdy] | @ [7]| Ao [7]| Pu [mdy] | AP, [mdy] | @, [°]) Ag,, [']
VLB Core 497.0 14.0 11.8 1.2] 40.7] 4.0 173 54 01 9 120
et 44 4 3.9 7.3 0.7] -11.2] 5.5 ' : . :
Effelsherg 736.0| 12.0 220 22| 185 2.2
AS5: 5. Oct 2000
L [mdy] | Al [mdy] | P [mdy] | AP [mdy] | @ ]| Ao [1]| Pus[mIv] | AP, [md] | @, [°]) Ag,, [']
VLB Core 506.0 10.0] 6.5 1.0 52.7] 5.2] ’ 191 121
ot 43.9) 271 74l 07l o5 54 =4 L2 2
Eﬂetsberg 740.0 11.0 16.0 1.6} 13.3 2.2

Ralative Docl, {mas)
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* 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

H5%.

* 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
jetor if it is introduced by the Inter Stellar Medium (ISM).
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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. Terasranta, A. Witzel, J. A. Zensus

The new 11Jy radio outburst of NRAO150
VLBI study at the resolution limit

Ivan Agudo
Max-Planck-Institut fiir Radi@astronomie

U. Bach, T. P. Krichbaum, W. Alef, D. Graham, M. Bremer,
H. Ungerechts, M. Grewing, H. Terfisranta, A. Witzel, J. A. Zensus
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Overview of the Talk:

Introduction

Single dish radio monitoring
The VLBI study

sSummary

Future work

Introduction

* No optical identification

» Probably due to extinction or
source confusion in the galactic
plane

* Galactic latitude ~ 1°

» Studied since 1960 (first VLBI
observations by Clark et al. 1968
» cm-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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Single dish monitorings: UM

UMHAD Sep 22, D003

NRAO 150 ]

* Second historical
outburst

DEGREES

b

"

"tﬂ I '
&gmam%

JANSKYS

W

.46 _'."5“! i’

um during the . [
5 years 5

T N

ik’ M"{ 1

JANSKYS

sExtreme opacity
- b S

1970.0 19750 19800 19850 19900 19950 20000
TIME

Single dish monitorings: Metsahovi

y ]

* Second outburst even higher at 22 and 37 GHz. Up to 11-12 Jy!

— 2GHz ' i ° Long term variation

S Vit superimposed on
shorter time scale
{(weeks) flares of ~

«Correlation with the
15 GHz VLBI core
tlux evolution

Flux density {1y}

¢ Long term variat
seem to be | :
inthe 15 GHz
core.

1990 1995
Bpoch (yr)
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Single dish monitorings: Metsahovi and Pico Veleta

» Evidence of correlation of short time scale flares at all the frequencies.
* Poggible correlation with the flux evolution of the 86 GHz VLBI core.
» 1 Jy flares produced in the very inner jet?

- 22.GHz
37 GGHz
86 GHz
150 GHz
86 GHz VLEI<ore |

Flux density {1y}

|
2002
Epoch (yr)

The VLBI study

= Analysis of the 15 GHz
YVLBI images from the 2 cm
VLBA survey.

» Leads to source structure
variability study wi
milliar

* Observing epochs:

Feb. 1994 (5 GHz)
Apr. 1995

Jul. 1996

Aug. 1997

May 1999

Mar. 2001
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The VLBI study: Evidence of moving helical pattern
¢ A helical pattern seems to move along the jet at ~{

Intensity Ridgeline of the Jet at 15 GHz at3 Epochs

jel position angle [Degrees)

speed ~0025 masdyr

“pone” distance [mas]

The VLBI study: Evidence of moving helical pattern

* On the other hand, fast jet components seem to separate from the core
with ~ 0.6

8] ca 1o

Krichbaum et al. (2001)

» Comparizon of thege two
different kinematical
scheme could help to
extract information about
plasma physical
parameters through
compari h
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The VLBI study: Extreme outer to inner jet misalignment
New 8.4 GHz VLBI ime

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

The VLBI study: Extreme outer to inner jet misalignment

New 22 GHz VLBI ims

» They do not show the external structure, although the model fits show a
certain sub-structure in the core {consistent within the three epochs)
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The VLBI study: Extreme outer to inner jet misalignment

New 43 GHz VLBI images

* We start seeing a certain perpendicular jet structure

The VLBI study: Extreme outer to inner jet misalignment
New 86 GHz VLBI images:
» They provide the f~0.50 p arcseconds

» They allow the confirmation of the jet mis iment
» They provide an accurate tool to
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The VLBI study: Extreme outer to inner jet misalignment

* New multi frequency VLBI images clearly show the extreme misalig
within the 0.5 mas inner jet structure.
* This could be related with the previous g structures

R ———
0.1¢
00"
0.1;
02"

wielissime il

- # 86 GHz Qct, 2002
-03F [ 43 GHz June 2003
04 ~ 22 GHz June 2003
- ¥ 8.4 GHz June 2003
O5E T :

1.0 0.8 0.6 04 0.2 0.0 -0.2
Rel. R.A. (mas)

Rel. Dec. {mas)

2 and 8.4 GHz VLBI model fiis

The VLBI study: Extreme outer to inner jet misalignment
iHz VLBI model fits

« New 86 GHz VLBI
i show evidence

¢ This finding further
supports the evidence of
helics '

Rel. Dec. (mas)

explain the main jet o3 02 01 o0 -0
phenomenology. Rel. R.A. {(mas)
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Summary

» NRAO150 shows evidence of a moving helical pattern

» Tt alzso 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 |

» Tf 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,

* X-ray spectra could give a distance measurement.

Future work

» 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 ofthe single dish monitoring.
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New results from millimeter VLBI at
3,2 and 1 mm wavelength. Present
status and future possibilities - T.
P. Krichbaum

Present Status and Future P

T.P.Krichbaum

Max-Planck-Institut fiir Radioastronomie, Bonn, Gemmany

e-mailitkrichbauvm@mpifr-bonn. mpg. de
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How are the |

Schwarzscnikd
Kt (spieeing)

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 yvears: go from 3mm (86 GHz) to 1mm (230 GHz)

Second ENIGMA Meeting 124 C. M. Raiteri, M. Villata (eds.)



Session III: Variations of source structure and flux
New results from millimeter VLBI at 3, 2 and 1 mm wavelength — T.P. Krichbaum

v

86 GHz
147 GHz
230 GHz

these scales correspond to a few ten to hundred Schwarzschild
radii, depending on distance and black hole mass !

0.8AU=15R;s
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Size of Sgr A* vs. ADAF model

. (--—ADAF model {Narayan et al. 1998)
E VLBl sizes
— fit to sizes

size [mas]

10 10
wavelength [cm]

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

ution can be
obtained, and one can
look as deep as in no
other active galaxy into
the nucleus.
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A rotating gas disk at the center of M87 (Virgo A)

Spectrum of Gas Disk in Active Galaxy M87

Appraoaching

Receding

Hubble Space Telescope « Faint Object Spectrograph

VLEI Trum
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Formation of extragalactic jets
from black hole accretion disk

Extragalactic
&

high pressure reg T magnetic field ling L)

r=lEa
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http:/fwww.mpifr-honn.mpg. de/globalmm
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Antenna Properties at 86 GHz

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

[m] [K] [Kidy] Yo [K]
Effelsberg Germany 100 130 0.14 7 930
Plateau de Bure | France 3 120 0.18 65 670
Pico Veleta Spaln 30 120 0.14 53 860
Onsala Sweden 20 250 0.053 45 4720
Metsdhovi Finland 14 300 0.017 30 17650
VLBA(8) USA 25 120 0.03 17 400
Future:
GBT Va,UsSA 100 100 1.0 33 100
Nobeyama Japan 45 100 017 30 590
Noto Italy 25 100 0.09 30 1100
CARMA Ca,UsSA 35 100 0.14 50 710
LMT Mexico 50 100 0.14 40 720
Yehes Spain 40 100 0.13 30 770
APEX Chile 12 100 0.03 70 3300
ALNMA Chile 64x12 100 1.8 70 53
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First Transatlantic VLBI fringes at 147 GHz:
(Apl‘il 2002) _ & Metsihovi, 14m

AR

§ 20 pas resolution

Source

3C454.3

Sources detected on the short baseline HHT-KP:
0133+476, 3C273, NRAOS30, Sgra®, 1921-293, BL Lac, 2255-282

I : 1 arzinally detected on long haselines
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The compactness of 3C279 atl 147 GHz
(2001 & 2002)

@ Apri 2002, HHT-KP-FY
W April 2001, MET-FV
<+Harch 1885, 215 GHz
size: 35 +/- Smuas, V=0E6
size: 25 muas, V=031

Visibility
(=]
=~

i
1e+08 2a+09 Je+09
uv—distance lambda)]
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Are the Quasar Nuclei spatially resolved ?

Source Z S _tot S comr FWHM TB size
Myl [Jy] [muas] 10E12[K] [pc]
3C279 0.536 211 14.0 34 0.7 0.20
1633+382 1.814 7.3 4.9 33 0.3 0.24
1.22.5 1
> 4

min VZ T;lax
for T2 <10"°K = 4., = 10— 20 zas
(17 €0 £33 uas for 1633 + 382)
(27 £0 <34 yas for 3C279)

@ =l
® -l

April 2003, 512 Mbit/s

IT plet — Expt
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for 3C454.3 (z=0.859)

v’ =428 GHz, life time By*=3.6 10°,

©=16 pas=10.1 pc=1050R.7,

S5A:B=£1G—y=600

Second ENIGMA Meeting

Mark IIl/IV Correlaior
+
Workstation

{Piayback of data and
corfelation of dstreams)

New Mk5 hard disk

recorders with1 GB/s

-

Source PdBI - PV
NRAO150 10.7
3C120 8.2
0420-014 24.9
0736+017 7.1
0716+714 | 6.8
0J287 10.4
1055+018
3C273 8.2
3C279 9.6
NRAOAS30
Sgra*
3C345
1633+382
1749+096
2013+370
BL Lac
2145+067

134 C. M. Raiteri, M. Villata (eds.)



Session III: Variations of source structure and flux
New results from millimeter VLBI at 3, 2 and 1 mm wavelength — T.P. Krichbaum

I\Ieﬁ ahovi, 14m

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

* 2mm & 1mm: new hard digc 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(g) to image event ho
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Optical and radio variability of the BL Lac object 0109+224 - s.

Ciprini, G. Tosti, C. M. Raiteri, M. Villata, H. Terasranta, M. A. Ibrahimov, G.
Nucciarelli, L. Lanteri, H. D. Aller

v ) Stetano Ciprini
B (NN onysics Dept. 8 Astranomical Obs. Perugia Universi
LY p - Physies Dept. & Astronomical Obs, Perugia University

10 - NFN. Perugia Section
{ stefano.ciprini@pg.infrit )
8. Ciprini, G. Tosti, C. M. Raiteri, M. Villata, H. Terdsranta, M. A. lbrahimoy, G. Mucciarelli, L. Lanteri, H. D Aller

Optical and Radio Variability of
the BL Lac object 0109+224

Il ENIGMA Meeting
October 11-15, 2003
Fortovenere {La Spezia)
Italy
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0109+224 Characteristics ﬁ
Compact radio-loud source GC 0109+224 (82 0108+22). (Green Bank radio survey list
C, Davis 1971; Pauliny-Toth et al. 1872). Othaer most used names: TXS 0103+224, RX

J0112.0+2244, EF B0109+2228, 2E 0109.3+2228, RGB J0112+227 -
[B0109+224, Jo11242244]

Optical identification in 1976 (Owen & Mufson 1977), first measure of a strong mm
emission (»1.5 Jy at 80 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 2. 1934)

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 1396) and UKIRT (K-band)
observations (Wright et al. 1998) - Suggested redshift: z>0.4 (Falomo 1996)

Il Enigma Meeting - Stetano Ciprini Oct 12 2003

0109+224 Characteristics

Mo 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. 1930; Valtaoja et al. 1391).

Strong variable degree (5%-30%) and direction of the linear polarization {Takalo 1981;
Valtaoja et al. 19383). No clear correlation between flux level and polarization (Valtaoja
et al. 1833).

Near-infrared flux variations smaller than

in the optical one {Fan 1993). 1 b, a
i!f
Yariable radio flux, degree of polarization b
and position angle. Flat average spectrum . . _ "" .2
{classical BL Lac object). TR R e
Fig, 6. ight variations of the position angle ond flux

pletted for four sequential nights as a fanctinn of tims

Valtaoja ef al. 1993
Il Enigma Meeting - Stetano Ciprini Oct 12 2003
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VLA pe scale at 5 GHz reveals a compact

0109+224 Characteristics

DIL94ERY ot L300 QM T gen 0

DTG 1224 ot BEMD Gmz 1997 Jan W

a0

core with a secondary component.
Less luminous andfor beamed than the 1- .

Jy sample of BL Lacs {Bondi et al. 2001) «|
Same mas structure in VLBA images at2 =
and 8 GHz (Fey & Charlot 2000) '

Lac, LBL).

3.0

g

10

w

|
i
i
. .
o
) |
|
|

—40 ‘0 E a -5 —10

Cantour plotsa radio § and X bands The scale 15 in milliarcseconds

Kpc scale: afaint one-sided collimated radio jet, about 2 arcsec long (Wilkinson et al.
1998), largely misaligned with the pe-scale inner region {~> high-power low peaked BL

Included in the 200-mly blazar sample (March™a et al. 1336). 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 Matsdhovi
Radio Observatory (Finland, 22 GHz and 37 GHz, 13-years monitoring).

Il Enigma Meeting - Stetano Ciprini Oct 12 2003

0109+224 Characteristics

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

Bright X-ray point sourceirF.(l keV)

> 10 Bergem Ts L_)|

HEAO-1 pointing (Della Ceca et al. 1990), detections of Einstein Obs. (Owen etal. 1981),
EXOSAT (Maraschi & Maccagni 1988; Giommi et al. 1990; Reynolds et al. 1899), 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 Mueh|e|sen et
al. 1888), an intermediate blazar sample.

In the diagnostic diagram O,y op Oty (Padovani &
Giommi 1938}, 0109+224 appears closeto a
prototype of intermediate blazars like W Com (ON

231, B2 1219+28), (Dennett-Thorpe & Marcha 2000)

GC 0109+224 was not detected in gamma-rays by
EGRET (Fichtel et al. 1334), with a rather low upper

limit.

Il Enigma Meeting - Stetano Ciprini Oct 12 2003
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Compariso
photometr

v v
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¥ . e =
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Fig. 1. Finding chart with a fleld of 13'%15" eentered on
G 01084220 (elzborated from a freme of the Dhgitized Sky
Survey). Calibration of stare I, €1, 1, E is reparted in Takle 1.
Etarm B O F G Selong to the photometric ssetence calilbrated
Ly Miller ot al, [1083).

n stars optical
ic calibrations

HY el Johnsn- Cmems phevarestle ealbeedion of eonmpariaon siaes it B34 of GO 0l 220,

War M4 e it n v B I
(f2aoy  Clon gmaa) 154 | (mag) (Mg

O ol 1208 15 1= s LR

[T Wb = 0.0 LT 4006 1533 =1k

1 12T+ 1341 14.35= 008 1201+ 00 117 = 0

B i17me 42 1T TG 0E = 00s TR

0L e by Ml o ol, (1553

Source Magnitude by differential photometry
with respect to comparison stars in the same
field. {Johnson-Cousins photometric system,
sae, e.9. Bessel 1979)

Calibrations derived from severa photometric
nights at the Perugia and Terino
Observatories using Landolt standards. (for
observing and reduction details see e.g.
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INFN
g

Historical

Historical light curve

Fiorucci & Tosti {1896), Fiorucci et al. {1338),
Villata et al. {1998}, and Raiteri at al. {1998).

I Light Curve (1008 2002)

I A i HTY o TR
GC 0109+224 5 E
- . H J‘E_
N UL EPYSUNTTN 1N ol N il . RN}
{E) 1320 180 1240 1850 180 1970 1880 1580 EIEO =
Time [yr]
Histarieal Light Curve (1876-2002)
T T T T T T T T T T T =
GC 0109+224 el E
. ;. « % ¥ : %
¥y 4 : o ual.
+ . 3 . - E
o : 2 'i Hi :? -
Il 1 I By —§ ot I PSS A | R E
THTH  1EHD THBZ  1M4 TEH TBHE 19BD 1§82 1984 1MOH  THSH EODD G002 GO0
Time [yr]

Fig- 3 The histosical Fight cusve of GC 01084224 in B bard thlick dotsy reeonstracted from the literaiure (Pica 1977 Plea eta, 1950 Paschell

de Stenn 1580k Zekl et al, 1951; Mobes et al, 1985 Picaetal
Tekalo 1990 Xlaatal. 1992; Valuoja ecal. 1993; Faloma etal.
Trom Uhis pape B iaguitedes deaved Drom & veloes by weing
et toe these estimalas 18 abont 0304 mag Pre- 560 valy
ey, Error hars are not represanted for elarty.
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el Historical light curve

1906-now: empty gap in 1960-1975. Original non-corrected data reported,

{pre-1961 values could be overestimated by 0.2-0.3 mag). Pre-1861 data mainly by
Heidelberg plates (Zekl et al. 1381) and Harvard plates (Pica 1377). 1976-1388 data mainly
obtained by Rosemary Hill Obs. Florida (Pica et al. 1988). Data after 1934 almost entirely
from Perugia and Torino observatories (comparison with some ¥V data from Tuorla,
Katajainen et al. 2000, reveals a good agresment).

Largest brightness variation occurred in 1942-1943, (Bmag-phot 14.2, steep decline of
3.07 mag during 1 year). A comparable brightness |evel was reached again only in the
flares of 1990s. 1944-1996: source never observed brighter than B = 15, (this could be
due to poor sampling). In 1381-1990 the object remained in a low state around B =17
{except for 2 observed flares). August 1983 the source brightnass fell down to B = 18.42,
minimum value ever observed (Takalo 1391).

In the post-1994 better sampled |ight curve obtained with our data, we see a general
brighter mean B value (15.8), again comparable with the 1920-1960 period, and some
flare events. Variations of 2.5 mag in less than one year are common.

Il Enigma Meeting - Stetano Ciprini Oct 12 2003

wen Our optical photometric

monitoring ,
. ey PEFUGIE ODS. 18942002
SR " 7 Bffew),VR/ dafa
v, F ok 4 Torino Obs. 19951333
" pmmney BV R data
%, . &, w4 ] Mt Maidanak Obs. Dec2000
f LI
¥ 1 L

- i 8 observing seasons, 7 years
T — 1542 photometric points,

Ourimproved sampling
recorded also the larger (and
faster) optical flares

#" gr oo i UBVRIdata
I

R "w”f iyt 'p,‘h’i

Six main optical outbursts

e T T T ‘ {weaks/month scale), variability

o9k b9 1mee aser 18 [i%w w00 zoo  Ecee 2003 moda placed batwean tha
€Ly
Fli 2 U6 L v GG 1030350 i 10013002 A1 ot s s st ey s o ]| Ckering and the shot noise.

AT e ot e mirsher i gack Cheetving st
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S -
(NN Colour indexes: general trends
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During optical flares chromatic behaviour appears

evident. The degree of correlation between spectral SEeL
index and the flux sheds light on the non-thermal L 2fin
emitting processes (synchrotron in the optical). L

FEolte L

als ": 5
Soft-hard-soft signature: common pattern {not the 0 s
unique one) in X-ray flares. Spectral slope flattens B e e R
when source luminosity increases. The more . _
B lare clockwise loop

intense is the energy release, the higheris the Bo:
particles energy. Loops, hysteresis cycles in the %

scatter plot between spectral index and flux. ; i

Acceleration mechanism tends to work with almost ~ — of4’

fixed populations of particles, spectral slope 180

controlled by the radiative cooling, so that the ¢ TR R :

information about changes in tha injaction rate of  me e buetion ot te o syt e G 13222 05 10me
accelerated particles propagates from high to [oW  nowmber 22~ Decemser 20,200 The 100p ot by goiots con-

. . mesctenl by s o
energies (seee.g., Kirk et al. 1998; Georganopoulos o he k1= 1101 s
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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 flara of Nov22-Deac28, 2000 and

from the isolated flare of Oct14-Decd, 13398,

Double-peaked flare of Octl- 3 = 'l“‘“"“ al
Oct24, 1996 shows an e ’ ; s ;
anticlockwise loop dueto the B g ;: %__ 5, P El S
first peak superimposed it B e : - S
to asecond clockwise |OOp L TR n BT e e
dueto the second peak. This Jri‘:mrip = R

=15
~LlaF
-1.20

could be anice signature of
the superimposition of a .

sacond flare on a previous
one. Anticlockwise loops less |
common {cooling times :
comparable to acceleration

o
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Three standard methods optimized for unevenly sampled datasets, applied to give a
guantitative statistical description of the optical time variability of GC 0108+224:
structure function {SF), discrete correlation function {DCF), and discrete Fourier

transform in the Lomb- . CE E""{w::umm ":"m" ]
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Scales of about 25-40 days and 1.2, 1.9 years
waere found several times, and the time scale of
6.4 years is similar to the variability period
recognized in AO 0235+16 (Raiteri et a. 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. ; -

bject 0109+224 — S. Ciprini et al.
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SF; Radio-optical flux correlations?
h ~FERUGH

Radic-optical cross-correlation peaks,
found in all the bands around the |ag
of 2.1-24 years, are extended and
have low values (ZDCCF < 0.62).
Complexity, spread and low values of
the

carrelation 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 33, 180,
and 500 days are not significant
because they are found with very
small correlation coefficients.
Previous lags hinted are based only
on correlations with 3-years optical
data {Hanski et al 2002).
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wew Radio variability mode
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The ZDACF and first-order 8F shapes give a fluctuation

mode between the flickering and the shot noise: P =1/
with 1.39 ¢ . < 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 processe:
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Wbl 1. oy

Multiwavelength overall SED data points out

a synchrotron 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 examplein
Laurent-Muehleisen et al. 1989; Dennett-Thorpa et al.
2000; Bondi et al. 2001). Rather low EGRET upper
limit, no data available to check the presence of the high-
energy {i.e. IC) emission component. "
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O?ﬂy old X-ray ROSAT-PSPC {F,=0.26 + 0.08 pJy, Kock et al. 1996 ) EXOSAT-CMA and Einstein
flux data point. These very few detections seem to suggest that the highest energy synchrotron
tail is emitted in the soft-X ray band {-» LBL/intermediate blazars).
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)ined The SED of 0109+224
PRGN
Aﬁﬁﬁed 33C model: emitting blob of dimension A 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:
Qini (1) = Qo™ exp(—7/(k¥maz)) [em™ 7]

Region moving almost aligned with our line of sight

D=((1+2z)(1-Bcos®))!
The IC spectrum results from the interaction of the distribution with the synchrotron phaton
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 synchrotron peak ranging between the near-IR, for the
guiescent 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 SSC models. Therefore, with
simple scaling considerations, the |G emission can be seen as the upshifted synchrotron
component. Near-IR-optical peak can predict a possible |G peak in GeV gamma-ray energies

{e.g. Stecker et al, 1996) (Vaev Faev )/ Erc = (VoptFapt)  Layn

Lsyn and B intensity might be high for this object, reducing the IC dominance. However the
strang mm flux, the peak of the SED in near-IH-optical bands, and the brightness in X-ray
frequencies, might suggest the possibility of gamma-ray emission. Urad/UB = L1/ Layn
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INFN Conclusions

Obtained, collected and analyzed the largest amount of radic-optical data ever
published on GC 0108+224. Some results are found, butalso open guestions are
arisen.

Over 20 years of radio (UMRAD and Metsidhovi ) and optical data (last 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 0108+224 can produce strong outburst at high radio freguencies {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 intermittant behaviour, not
regular alternation of relatively large amplitude flares, and flickering phases, varying
over al timescales sampled (days, months, vears). Relativaly fast drops of the flux.
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~y L |
NN Conclusions ﬁ

dpﬁcal flares clearly much faster with respect to the radio-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 timescales 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 whan 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/,
with o0 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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INFN Conclusions

< PETGN

Synchrotron emission possibly dominant, (as suggested by the high polarization
degree, absence of emission lines) Also our homogeneaous 33C modelling suggests a
relatively high magnetic field and synchrotron luminosity, diminishing the inverse self-
Compton radiation, (warning!: multiwavelength data insufficient to constrain
hypothesas)

GG 0108+224, suffers from substantial lack of datain 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
atnear-IR-optical frequencies, could imply a GeV gamma-ray radiation detectable by the

next-genaration 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

#! construction of light curves;

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

** temporal analysis of optical data, with particular
attention to the most recent data;

#* cross radio-optical correlation,

Light curves of 0J 287
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Light curves of 0J 287
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14.5 GHz Deilrended Detrended DHv
Trend binning: 500 d
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Periodogram 145 GHz Detrended Div
Trend binning: 500 d
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Light Curve R
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DACF B+R Light curve
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B+R - 8 GHz Light curves
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Conclusions:

= we have collected data for the construction
of light curves at all the monitored frequencies;
2 we have found some indications for the

) day periodicity in the radio

presence of a ~6
light curves, adopting a preliminary detrending
procedure;

- we have found a broad period of correlation
between optical and radio data, with the maximum
peak around 800 days.
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Radio spectra of X-ray selected BL Lacs (the good old EMSS) - A.
Wolter

Radio spectra of X-ray selected
_BL Lacs (the good old EMSS)

Anna Wolter
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Session III: Variations of source structure and flux
Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

AIM of the REASEARCH

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

® Does it depend on selection criteria?

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

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter

BL Lac samples

o X-ray selected ? Criteria
— EMSS (40 objects)
¢ Radio selected
- 1Jy (34 objects)
¢ Radio & X-ray selected
— RGB (33 objects)
— DXRBS (30 objects)
— REX (55 in XB-REX)
— HRX {77 objects)
e« Others
— Sedentary (58 objs) f-f.—mag-a,, - a, - (HR)
— Optical (PG -6 objs) 7 UV excess

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter
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Session III: Variations of source structure and flux
Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

The EMSS sample

e X-ray survey with EINSTEIN (835 X-ray srcs)
e COMPLETELY IDENTIFIED at 1013 cgs level

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

e <Vel/Va> =0.427+/- 0.045

BUT

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

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter

Non-simultaneous data

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

e 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 ENIGIVA Ieeting A Waolter
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Session III: Variations of source structure and flux
Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

VLA Observations

e We obtaine SIMULTANEOUS [C/D config.]

multifrequency radio observation for 26 of
the EMSS BL Lacs

® &> — 20° assures 100% identification

® Fe.m » 1 mdy assures detection in all VLA
bands {L=20cm, C=6cm, X=3.6cm)

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

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter
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Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

Simultaneous

Steep or not?

e Distribution of o for
the 26 srcs.

e 15.4% steep s.
spectra

o 23-39% steep non-s.
spectra

o fowmH)

o N e & m B
T

N {Mysa-cwan)
- B

Non-simultaneous

October 11-15, 2003 Second ENIGIWA Meeting A Wolter

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

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

October 11-15, 2003 Second ENIGIWA Meeting A Wolter
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Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

Extended component

o] 1 T
June2000+Stocke 1985

e there is no redshift [ - oo
dependence of the [
detection of the
extended component.

(slope is 0.41+/- 0.39
consistent with 0).

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter
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Radio spectra of X-ray selected BL Lacs (the good old EMSS) — A. Wolter

Steep spectrum EVOLUTION

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

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

¢ Mildly less negative

October 11-15, 2003 Second ENIGIVA Ieeting A Waolter

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 a, selection to avoid radio galaxies.

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

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

October 11-15, 2003 Second ENIGIWA Meeting A Wolter 13
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Session IV: Radiation processes at high energies

Chandra observations of QSO jets - F. Tavecchio

Fabriz‘io T’dvecchio

INAF - Olsservatoriol A_stronomic,o di Brera ;
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Chandra observations of QSO jets — F. Tavecchio

1127-145 Siemiginowska et al. 2001 PKS 0637-752 Charfas et al, 2000

Pic A .Wﬁésme et ol 25;‘&3

Producing X-rays in large-scale jets

Powerful sources (QSOs)
Syncfu‘)tfon SbC thel’mal e {OMEB
. SChW;.I'tZ et al. 2000 : Tavecchio et al. 2000

Celotti et al. 2001
Low power sources (radiogalaxies)

Synchrotron  e.g Worrall et al. 2001, 2002

SSC
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Chandra observations of QSO jets — F. Tavecchio
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Chandra observations of QSO jets — F. Tavecchio

A Chandra-HST survey of jets
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1136-135 4 |
1180+497 & |
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Chandra observations of QSO jets — F. Tavecchio
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Chandra observations of QSO jets — F. Tavecchio

Clumps in jets?
Problem: the X—ray'emitting_el,eCtrbns_.caniwf cool inside the knot

__even including adiabatic losses!

Log L' {years)
D : B e B
.E ind
0 SN B
\__d_-f-—"”d_ dd_ﬂ___h_x‘“‘--__ .% “
ik
Q 05 1 1.5
Log £/7y
- Tavecchio, Ghisellini & Celotti 2003
: TR o 13
~ A possible solution . Qf—

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

e expansion
i Very efficient adiabatic losses

Cdnseq_uencel':, expected I'variabilityli_n knots (ﬁ;month)
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Chandra observations of QSO jets — F. Tavecchio

New evidences:

Several knots in M87 are variabie!
(Harris et al. 2003)

Cen A shows compect X-ray radio knots
{(Hardcastle et ai. 2003)

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, .
Papadakis

PCA observations of MKN421

e RXTE instrumentation

e Data reduction

e Scientific resulis

e Conclusions

e Future work

Dimitrlos Emmanoulopoulos
Landessternwarte Heldelberg
Prof.5. Wagner, Dr. J.Papadakis

1 ErGAMA-Mesting, 11-15 October 2003
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PCA observations okan 421 - D.Emmanoulopoulos et al.

RBXTE instrumentation

XTE Spacecraft

— Hinh-ain amterme

7
il

-

/ -
T T i
/,,/'smr Dowrer oy

< ASM

o PCA— 2.60kev

& HEXTE— 15-200keV

ErGAMA-Mesting, 11-15 October 2003

INSTRUMENTATION PROPERTIES

Energy range:

Time resolution:

Detectors:
Collecting area:

Layers:

Sensitivity:
Background:

Second ENIGMA Meeting 174

Energy resolution:

Spatia resolution:

2 -B0 keV

<18 % at § ke

1psec

collimator with 1 degree FWHM
E proportional counters
3100 em? at BkeV

1 Propane veto

3 Xenon, each split into two
1 Xenon veto layer

0.1 mGrab

90 mCrab

ErGAMA-Mesting, 11-15 October 2003
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PCA observations okan 421 - D.Emmanoulopoulos et al.

Data reduction
| ]
HEAsofi5.2
FTOOLS 52 Fv 3.1 XIMAGE 4.1 XRONOS 519 XSPEC 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 preduce FITS file analysis program
Light Curves and Spectra
4 ErKMA-Masting, 11-15 October 2003

Procsdure

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

accumulated from "goodxenon events (i.e. those which survive background rejection)

o GTI files— ELV>10° (elevation angle)  Time Since SAA =>30min {time since south Atlartic anomaly)
Offset << 0.02° (pointing position)

e Background files— PCABACKEST
Background

P

Diffuse sky background  Internal background
PCABACK EST estimates the variable,interna componert of the background but also is capable of adding a

constant term to approximate the diffuse sky background.

¢ Production of Scientific resulis — Light Curves and Spectra.

5 ErGAMA-Mesting, 11-15 October 2003
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PCA observations okan 421 - D.Emmanoulopoulos et al.

Sclentifie results

| ]
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L4
& \ & Two well defined daily flares ~1day .
Yoo
4 0 e © i e The daily flares show substructures
ok % s
E ; i 1 with time scales of 4ksec.
& & 5
o
4 ! ® Additional variability between the large
z "
b1l flares.
Ll 200 400 &00 ena Looo
time |sec
& ErKMA-Masting, 11-15 October 2003

Sclentifie results

= ]
Bend2l bin: 513 aec
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q o
é ?
Bllln Anlnn
¢ The amplitude of variations in the 10-18keV band is shifted and especialy in the short time flares is larger.
@ The flares inthe two bands are well correlated. Time lags ~ 1ksec
7 EMGMA-Maating, 11-15 October 2003
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PCA observations okan 421 - D.Emmanoulopoulos et al.

Strueturs function snalysls

Definition of the first order Structure Function (for afinite sequence of measurements):
1 N
It . 2
S = oo Low () wli+ W) [xle+A80) — (0]
N( ) r=1

where & (l} =¥w (f} w (H— l} ard w (f] is the weighting factor equals to 1 if & measurement exists for the & interval,
0 otherwise (Simonetti et al. Ap J. 296,13858).

For seif-affine processes the SF obeys the following power-law scaling with A
S(h) =AM s
where H (Hurst Exponent) is the characteristic scaling exponent (Osborne, Provenzale Physica D 35, 357 1389) .
# H > 0.5 long-range correlations, an increasing trend in the past implies an increasing trend in the future.
® H=0.5 the increments are not correlated.

¢ H=0 white noise.

2 ErGAMA-Mesting, 11-15 October 2003

Strueturs function snalysie for Mind21
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® The observed breaks are at ~ 130ksec = 1.Bdays { 0.5 day Tanihata, et al. 2001 Ap],EE3,E89).

¢ Around the break the SF (bin:E12) is steeper than the SF {bin:E120).

=] ErGAMA-Mesting, 11-15 October 2003
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Strueturs function snalysie for Mim421
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10 ENIGMA-Masting, 11-15 Ociober 2003
Strueturs function snalysie for Mind21
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SF (bin:B12) has around 30-4Bksec
i - _'.' - characteristics 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 noise™.
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Long Look obesrvations of Mim421

® Akerlof —2/4/97-3/6/97

e Madejski — 18/4/98-8/5/98
® Remillard — 26/2/98-256/7/98
® Montigny — 24/3/98-13/4/98
* Sambruna — 5/2/00-85/00

Fossatli — 18/3/01-1/4/01

Instrument — PCU2

e Gain correction — Cassiopela A

& Courtrates rescaling — epoch3 {(15/4/96)-(22/3/99)
1z ErKMA-Masting, 11-15 October 2003
Long Look obesrvations of Mind21
FiE ke bin-S44088c 10-15 kel bin:5440sec
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The observations cover the period between (2/4/37-1/4/01), almost 1460 days.
13 ErKMA-Masting, 11-15 October 2003
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Conclusions

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

in very short time scales.

e 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.
Future work
L s — =

e Work on the spectra.

e 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).

15 ErGAMA-Mesting, 11-15 October 2003
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Session V: Particle acceleration in MHD outflows

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

PARTICLE ACCELERATION IN
MHD OUTFLOWS

Apostolos Mastichiadis
(on behalf of the Athens team)
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Particle acceleration in MHD outflows — A. Mastichiadis

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

THE PRESENT
Signatures of acceleration in the X-ray
observations of Mkn 421

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

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

FPhasis Three: Inclusion of SSC emission and
losses
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Particle acceleration in MHD outflows — A. Mastichiadis

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
obligue shocks with one free parameter, the
acceleration timescale (Athens/HD/?)

=22 A two-component model for jets from
source+disk

Central source wind Dk wing

A

Disk wirid Diiskwind

Central source wind

confirmed by self-onsistent numerical
solutions of the full sot of the MHD eguations.
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Particle acceleration in MHD outflows — A. Mastichiadis

Far Zone :
Poloidal magnetic lines of outflow :

(at intervals of equal magnetic ﬂU)g')
Before rotation starts — After rotation started

Note compression of inner flow and formation of a shock.

Confinement of stellar wind by a disk-
wind
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Collimation of the inner flow with the
formation of a shock.

o 100 o 300

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 modeliing: E. Rokaki
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POSSIBILITIES

1. 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

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)

Log vFiv}farg em® 5]
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Self consistent synchrotron self Compton emission - A. Tramacere,
G. Ghisellini, A. Mastichiadis, F. Tavecchio, G. Tosti

Self Consistent Synchrotron Self
Compton emission
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Self consistent synchrotron self Compton emission — A. Tramacere et al.

INFN

Geometrical model

old elc. voung elc.
population population un shocked elec.
shock front g,
slices

| | coronae

INFN

OUTLINE

Qur gim 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 dif ferent 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
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escription of the simulator

Emitting region
Blok #zhell

|  Light curves

BH
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Self Consistent Synchrotron Self
Compton emission

old elc. young elc.

shock front g,
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* 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 temporal and
energetic resolution. '

* This work is useful both to compare the theoretical
Eredicﬂons of actual models with the observations

y next generation high energy telescopes (GLAST
AGILE MAGIC), and both to give realistic simulation
for variable source that these telescopes will observe
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Session VI: The power of jets

Task 6: The power of jets — G. Ghisellini

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
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For FR 1II,

=P

But for FR I?

Bonn?
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Speculations - G. Ghisellini

e i i i 3.

Gabriele Ghisellini,

Osservatorio Astronomico di Brera
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Bapp~ 0.04 — 0.18 (+-0.06)

~ 0.05 — 0.54 (+-0.15)

Papp
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Bapp™ 0 — 0.5 (+-0.5)
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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

Multi-frequency & multi-epoch VLBI study
of Cygnus A

Uwe Bach

Jan 2002 (5 GHz)

. or®

in collaboration with:

M. Kadler, T.P. Krichbaum, E. Middelberg, W. Alef, A. Witzel
and J.A. Zensus
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-l About Cygnus A

+ One of the first and strongest
extragalactic radio sources

+ Nearby: z=0.0561 e B ¢ ¥ )
+ 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 h_fl;:;}

NASALIMDIA Wilson et al. 2000

Perley el al. 1984

o Motivation

* 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.

Qur 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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VLEI cbservotions of Cygnus A at 2 cm, 1.3 em and C.7 cm
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VLBA phase—referencing of Cyanus A at 2 cm and 1.3 cm
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Multi-frequency & mulfi-epoch VLBI study of Cygnus A — U. Bach et al.

Proper motion |l

T T T T T T T T
lf~| @ Carilli 1994 (5 GHz) -
m Bach 2002 (5 GHz)
¢ Krichbaum 1998 (22 GHz)

0.81-| 4 Bach 2003 (15 GHz) N
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2 |
= 133 i
= : K
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| =1 A
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g 141 5
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O i n
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Geometry and kinematics

1.6 ! T - - - 1 Apparent jet-speed
15} e
: 6=37° _
14 F Bapp; = 0.5
1.3}
er - p=0.36 p=045 " p=0.50 » Intrinsic jet-speed
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Multi-frequency & mulfi-epoch VLBI study of Cygnus A — U. Bach et al.

Jet to counter-jet ratio

IO' ] T ! I
O ® Bach 2002 ex
- B Canlli 1994 1
8- T »  Sorathia 1996 —|
L 4  Krichbaum 1998| -
Tt | | 4 Bach 2003
6!
o S5+ . i
r 1 I 7
4= =]
L b E
3 . -
B .‘ &
211 s L =i
[® by
0 [ I : l : | i
0 10 20 30 40 50
Freq. [GHz]

« 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: 8 > 65°

» Discrepancy between the geometry and the non-detection of
apparent motion in the counter-jet questions the symmetry of
jet and c-jet

— We will continue our phase-referencing observations and will
go to higher frequencies!
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Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Jet power and spectral evolution of FRIIl radio galaxies - K.
Manolakou, J. Kirk

Jet power and spectral evolution of
FRII radio galaxies

K. Manolakou® & J. Kirk®

! Landessternwarte, Kénigstuhl Heidelberg
2 MPI-K, Heidelberg

et prker. anel Sgreciral vl of PRI rack galaeies — g1
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Session VI: The power of jets
Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Overview

Introduction

Why evolution?

Previous work

Our approach-Model description
Results

Conclusions

Future trends

et prvaier. anel Sgreciral vl of PRI rack el — g 24

Introduction

FR |l sources (classical
doubles):Piranz, > 10 WHz ! sr!

C.L. Carilli ...

kel pravater. mnl Speccaral evabition of PRI rack gakaes — g 34
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Session VI: The power of jets
Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Introduction

FR |l sources (classical
doubles):Piranz, > 102 WHz ! sr!

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

Calculated (for a given cosmology): projected
linear size , specific power

St prviier. anch speial evohiin of PRI rack galies — g 34

Why evolution

"Complete” samples of radio sources:
1. 3CRR sample

{Laing, Riley & Longair 1883} (140 FR W's}

hitp:/fwnanar-astro.physics.ox.ac.uk ¢jw/3crr/3crihimi
. 6C sample
. 7C sample ...

et prviier. anel Sgeeciral vl of PRI rack galaeies — gt
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Session VI: The power of jets
Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Why evolution

Power vs linear size: P-D diagram=— the
H-R diagram of radio astronomy (snuovsky 1963)

Lod P e e W Hz ' ae)

et prviier. anel Sgeeciral vl of PRI rack galaeies — gt

Previous work

P, depends on:

jet bulk kinetic power, ().,
intergalactic(-cluster) medium p(r) o<
frequency v and

time 1.

Falle (1991}

Do | o ]lar

o kpc‘

where pig kpe = 1.27 % 107 P kgm = and 3 = 1.5

From Eq. {1} and assuming B = B., (at a given frequency}.

- (26-TB)/[4i5—B)] .9/ [4(5=P)] B—T7B)/[4(5—5) i
P va" & 4 10 kpe ¢ )l 2 (2)

et praier. anel Sgeeciral vl of PRI rack galaeies — g 54
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Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Previous work

P, depends on:

jet bulk kinetic power, ().,
intergalactic(-cluster) medium p(r) oc =2,
frequency v and

time £.

Falle (1991}

i
D x|

o lkepe )

where pig kpe = 1.27 % 107 P kgm = and 3 = 1.5

(1} and assuming B = B,, for 3= 1L.5:

25 9/14 45798
P10 kpct

3)

et praier. anel Sgeeciral vl of PRI rack galaeies — g 54

Previous work

Blundell & Rawlings, Nature, 399 330, 1999

10g1pl e { W HZ 57

10 1,000 100 1.000
Linear size {kpe) Linear size {kpc)

Eqs (1} & (3}
Kaiser et al., MNRAS, 202, 723, 1997

% 10°TW, a

et prvaier. anel Sgreciral vl of PRI rack galaeies — p
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Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Our approach: Model description I

of the model:
Jets: constant power ., constant Lorentz factor  ; source redshift
External medium: p = =8 15< <19

Self-similar expansion of outer shock front (Falle 1991}
Dty ec (£3Q s fpor. 1422} and of head region (Kaiser & Alexander 1997}

but size of primary hot spot (Blundell at al 1999}

Frrire = Y S Ymai, = Yrri
Electrons are carried by turbulent fluid elements in the head region-anomalous
transport: (Az2 <t 0 < CTRW formalism (Ragot & Kirk 1997}

= transport timefcooling time at yyein

dekpravier. ancd frecaral v

Model description II

Head:

energy density wy, in the primary hot spet constant
Uiphe K {= el

adiabatic losses:
Qiobely, ) = kQy (kY. £)

where kit) = [ /e (£)] /2, imposed after transport through head region

St pviier anch speial evohiin of PRI rack galies — 8
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Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Model description II

& Lobe region:

integrated spectrum required - no spatial transport
adiabatic loss rate < 1/¢
synchrotron loss rate s 4t~ 442

inverse compton loss rate o

- BN
We solve: &

St pviier anch speial evohiin of PRI rack galies — 8

Results - I: P-D tracks

B
3

3
8

]
-

LogyoP ysy e (W Hz " o™y
3

o
LoGroP gy bt (W H2 ")

¥

104}
Lingar size {kpc)

Qo =13x10¥W, 2

Go=13%x W W z=20
Much more rapid decay than previous wiork

et prvaier. anel Sgreciral vt of PRI rack galaeies — gt
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Session VI: The power of jets
Jet power and spectral evolution of FRII radio galaxies — K. Manolakou, J. Kirk

Conclusions

New moael developed with more realistic transport parameters
in contradiction with previcus models and with the data
relieved by proposed additional acceleration process
hypothesis supporied by studies of individual sources

mocel contains fewer parameters than those in literature

Suitable for extensive population simulation studies

el paer vt of FRE mokes gala e s —p 10
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

Helical jets in blazars: i e S s |
Interpretation of the multifrequency

variability of AO 0235+16 - L.
Ostorero, M. Villata, C. M. Raiteri

Qutline

HELICAL JETS IN BLAZARS:

INTERPRETATION e Bent jets: observations

OF THE MULTIFREQUENCY
VARIABILITY e Helical-jet model
OF AO 0235+16

e The case of AD 0235+16

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

Luisa Ostorero®

Massimo Villata®, Claudia M. Raiteri® -
e Conclusions

@ Torino University, Faculty of Physics;
Landessternwarte Heidelberg
(&) Tarino Astronomical Observatory

Second ENIGMA Meeting 232 C. M. Raiteri, M. Villata (eds.)



Session VI: The power of jets
Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

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)

Mkn 501

[ Space .'
vLBI

~ pc scales

VLBA

~ 100 pc scales

Conway & Wrobel 1995

The helical jet

JET RADIATION
I RADIO
B IR

[0 OPTICAL
X- UV

Second ENIGMA Meeting

y: angle bw the jet axis (z) and the line of =ight

81 angle bw the local jet orientation and the l.0.5.

& helix pitch angle

o(t) : azimuthal orientation of the first slice of the
jet, changing with the helix rotation

233

HELICAL-JET MODEL

~ pc scales distortions : ORBITAL MOTION

~100 pc scales distortions : 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 because of geometrical
effects

PAST APPLICATIONS

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

THE YARIATIONS OF THE SPECTRAL ENERGY
DISTRIBUTION (SED) OF S4 0954+65 (low energies)
[Raiteri et al. 1999]

THE VARIABILITY OF THE SEDs OF 1219+285

{ON 231) AND 55 0716+71 (low and high energies)
[Sobrito et al. 2001, Ostorero et al. 2001]

Jet emission law

20]

Log (v' [Hz] )

0.0 0.2 0.4 D,:B 0.8 1.0 1.2
1
Synchrotron V(D) = v (A + 111
radiation V1) =V O)L 4111,

Inverse-Compton |[v ()= iv'ﬁm(z)
radiation L

v'ﬂ'mu):;r’m OV ()

Only synchrotron photons
are comptonized:
no external contribution
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Session VI: The power of jets
Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

Observed flux
THE CASE OF AO 0235+16

dF, (v) & - va0 .dI where:

= variable | = dF, (v) = variable

1 501 | 2R AN 11

— - ot LE ; 1 : I[ ) it .

ool 8 of | L daeald | L A T E

11— B-cosq D] SEotoe BbAM I e BT e HAE

- TH TR

| ! f ! LN Pl =

9= 9( l: ¥, ¢: g) : E E . 3" s a-“"--'\."‘"‘?'\l'li “-5:-._"__?«}:"-.:\.._

—:. :7 i ;’ \ i ,:,g % 1

dF' (V') = constant N it J'"L' i ,..r”"‘-f\-'f
1

Fuan [y

Fus (3]

SN »»

SPECTRAL CHANGES WITHOUT 3 N AL

Julinn Date — 2442000

Possible periodicity : T = 5 - 6 years
{Raiteri et al. 2001)

JET PHYSICS

Emitted synchrotron frequencies

15
a1 v
A B 3 \ s
THE LONG-TERM THE LONG-TERM sf v . 1
MW LIGHT SED TIME . “uy
CURVES EVOLUTION PR e /‘M e
I=z/cos{
Shading factor - emissivity -
Helix rotation i
< 10
$=4(t) » F=F, (1) g
= 0.6
3 Periodicity = calibration of ¢= ¢(t) g
£ 00
Ap=360° < At=T 2 00 02 04 06 0B LO
it
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

JET PHYSICS

Emitted synchrotron frequencies

15F ' ]
e

; 10 \ Nisis
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Zooming an outburst
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Well reproduced:
> FOFT / FRAD

> Deacreasing peak radio flux at low radio v
> ~ Simultaneity of optical and radio oubursts
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(A) THE BEHAVIOUR OF LIGHT

CURVES

L
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AQ 0235+16: Multi-A modelled light curves
{Ostorero et al. 2003, A&A, in prep.)
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Model

prediction and observations
at v = 8 GHz

19
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The observed light curve shows many minor

outbursts

interspersed among the major ones:
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

Pinching effect

Fy g [2¥]
ocw b o @
T

4} 2000 4000 6000 8000 10000
Julian Date — 2442000

Periodical outbursts extracted from the observed LC

WHAT 15 THEIR ORIGIN?

B«xpr-2
I — R G

2
Other
phenomena

1
Distortions
of the helix

Jv syn

Pinching enhances local emissivity

Other phenomena (energetic ar' and flux density
15

aoriginate minor outburs
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

Pinching effect
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(B) THE SED TIME EVOLUTION

|Hyp.1: X-rays from inverse-Compton pr'ocess|

AO 0235+16

log (vFy) [erg em~2 st

20
log v [Hz]

Minor outbursts are well reproduced

Hyp.2: soft X-rays from synchrotron process

(from MW light curves)

Base level

Al
; -10
E
% 12
14
181
5 15 70
log v [Hz)
- Steep X-ray spectrum for
small viewing angles ¢
- Compton peak in the MeV region
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log (vF.) [erg em~% s-1]

(Ostorero et al. 2003, A&A, in prep.)

Prediction for the next outburtsts:

r

a

2004, 2009, ...

— ¢=0° case 1

— $=0° case 2 rd

25

20
log v [Hz]

10 15

FUNDAMENTAL : Broad-band MW observing

campaighs

2003-2004 ongoing campaign {see talk C.Raiteri):

intensive monitoring in the
radio/optical/X-ray bands

C. M. Raiteri, M. Villata (eds.)
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Helical jets in blazars: Interpretation of the multifrequency variability of AO 0235+16 — L. Ostorero et al.

CONCLUSIONS

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 AO 0235+16)
could be ascribed to:

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

(> pinching)
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The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

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. Bottcher, on behalf of the WEBT collaboration

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
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Campaign session I: Past and ongoing campaigns
The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

Simultaneous MW monitoring of 3C 66A
(WEBT+RXTE+STACEE+CELESTE+VERITAS+VLBA)

Campaign manager: Markus Bottcher

Period: mid Sept. — mid Dec., 2003

Scientific tasks:

a) Measure simuitaneous SED

Jfrom radio to TeV band

vF_ [y Hz]

b) Test for flux and spectral
variability on long time
scales (weeks)

Sacoionts | #1 ) Test for IDV, especially in

10° Y DY MY —
10° 10" 10” 107 10" 10™

10" 107 107 10™

v [Hz]

X-ray and optical bands

Model the results to give

tions for intrinsic

3C 66A: recent optical behaviour

Sept. — Dec. 2003

Magnitudes

T T T

MJD 52883 = Sept. 1, 2003

1 L L

* U {Catanla)

B (Catania)
¥ V {Cetanla)
" B{Armenz.)
“V{Armenz.)
= R {Armenz.}
“ B {Boltwood
* V {Boliwood
* R {Boltwood
“ B {Toring)
A ¥ (Torino}

|L <R {Torina}

186.0
52880
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52890 52900 52910
Geocentrie MJD
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Campaign session I: Past and ongoing campaigns
The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

AO 0235+16: periodic behaviour?

P= Svr

.7 + 0.
]

Next outburst:

Feb-March 2004

|

4 S
P f " w1 n T i
-1._»,{?;1\\,‘f EAFANAY ST WEBT campaign:
1 -b. A S

T Tl radio+near-IR

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

WEBT participants

Radio ebservations: UMRAQO + Metsiihovi + 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)
UZBEKISTAN: Maidanak Obs. (1.5 m) UKRAINE: Crimean Obs. (1.25 m)
FINLAND: Tuerla 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. (0.2 m), NOT (2.56 m)
USA: Bell Obs. (0.6 m), SARA Obs. (1 m), Mt. Lemmon Obs. (1 m),
Covote Hill Obs. (0.28 m)

MEXICO: San Pedro Martir (1.5 m)
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The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

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

AO 0235+16: testing the
microlensing scenario with TNG
and NTT spectra

AC 0235+164

Gctober 1985

FLUX 165%%rg sec’ em® &7

WAVELENGTH (R

(Cohen et al. 1987, ApJ 318, 577)
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The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

AO 0235+16: frequency ranges covered

WEBT

XMM

Effelsberg

VLBA

TNG (NTT?)
il RXTE?

v +Effelsberg WEBT KMM
+¥LBA FAXMM +RXTE7

log (vF,) [erg em™® s7']

s .
10 15
log v [Hz]

AO 0235+16: radio behaviour
(up to mid August 2003)

MRAO. O 9,208

0235+164 | UUMRAO recent
data show the
gource in a faint
state (Margo

L | Aller, private

p 3, b f communication)

i
W Wi ﬂ@ . %
W \
o 1975.0 1980.0 1985.0 1960, () 1995.0 2000.0
TIME

JANSKYS

13

Thu Ot 9 11:59:55 7003 margn

Metsihovi data confirm these results (Harn Terasranta, private
communication)
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Campaign session I: Past and ongoing campaigns
The ongoing WEBT/ENIGMA campaigns on AO 0235+16 and 3C 664 — C. M. Raiteri et al.

AO 0235+16: optical behaviour

Julian Date — 2450008

Last “periodic”™ Elapsed campaign
outburst period; July 1 - Oct 14
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Campaign session I: Past and ongoing campaigns
VLBA observation plans for AO 0235+164 and 3C 664 — 1. O. Takalo et al.

VLBA observation plans for AO 0235+164 and 3C 66A - L. O. Takalo,
T. Savolainen, K. Wiik

VLBA observation plans for
AQO 0235+164 and 3C 66A

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

Tuorla Observatory

Second ENIGMA Meeting 245 C. M. Raiteri, M. Villata (eds.)



Campaign session I: Past and ongoing campaigns
VLBA observation plans for AO 0235+164 and 3C 664 — 1. O. Takalo et al.

Multifrequency plans

. WEBT

. KV A (Polarization)

. Radio (Metsahovi, Michigan, Bonn)

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

. RXTE (3C 66 A; Bottcher)

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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3C 454 .3 Polarization map

Plot fllz version 2 created 06-OCT-2002 17:46:11
GREY: 3C454.3 PPOL 4986.458 MHZ 3C4543.LPOL.1
CONT: 3C454.3 |POL 4988 455 MHZ 3C4843.02.1

= NI
1608 5360
120
5359 100
g "
g 5358
=
'5': &0
i
o 5357
40
5356 — — =0

'|-O 1 | 23 |
225357748 s7.748 57.747 57.748
RIGHT ASCENSION (J2000)

Gu{ scale lux ranges -0.7 129.3 MINIJY/BEARM
Peak contour flux = 7.27T11E+00 JY/ BEAM
Levs = 3636602 " (-1, 1,2, 4, 8, 16, 32, 64,

128, 256, 512, 1024,
Pol line 1 milll arcsec = 02 JY/BEAM
Rotated by -67.0 degrees

Plans for 3C 66A

. 3C 66 A 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.

Second ENIGMA Meeting 247 C. M. Raiteri, M. Villata (eds.)



Campaign session I: Past and ongoing campaigns
VLBA observation plans for AO 0235+164 and 3C 664 — 1. O. Takalo et al.

3C 66A (Jorstad et al. 2001)

0219+428 43 GHz
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Plans for AO 0235+164

. AO 0235+164 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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Campaign session I: Past and ongoing campaigns
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Jorstad et al. 2001

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
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Campaign session I: Past and ongoing campaigns
L3 CCD campaigns — update — N. Smith et al.

L3 CCD campaigns —update — N. Smith, A. O’Connor, A. Giltinan, S.
O’Driscoll, J. Howard, S. Wagner, M. Hauser

L.3 CCD Campaigns - update

Dr. Niall Smith Prof. Stefan Wagner
Dr. Aidan O’Connor
Alan Giltinan
Stephen O’ Driseoll

Marcus Hauser

Cork Institute of Technology LSW, Heidelberg
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Sources Observed (Sept.)

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

L3 ENIGMA Campaigns

m 2.2m telescope at
Calar Alto

m 7 nights Jan/Feb 2003
m 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.
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At 4 frames/s a 6-day
run generates 690
GIGABYTES of data

Andor L3 Operational Modes

Single Frame Mode
- cycle time is approx. 0.68

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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Schematic of September Setup

Windows XP
BIL3
Andor SDK L
P4512 MB USB 2.0
Full frame readout

Windowed readout Network cable

Realtime aperture
photometry P4 512MB ram =
laptop in conirel

puilid)lg

Quick-look Aperture Photometry

Analysis Imags

Every n'frame

y-pixals
B 8 5 HE B HBS & B

30
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Second ENIGMA Meeting 253 C. M. Raiteri, M. Villata (eds.)
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Differential Lightcurves

Vst Sy
P B ceumards i o i e by r IO

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

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.
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0 4 3 @ 1] 0 %)

Using the
LSW Focal
Reducer

Data Reduction

m Automated IRAF apphot routines

Applies flatfield and zero-bias correction.

Identify objects in the field.

Record the integrated flux in apertures of
increasing radius.
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Generation of Lightcurves

mOutput is piped to IDL program “gvar”

« 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 used

» tracks variations in fwhm, position, apparent
magnitude, airmass

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

PG0716+714 — 0.3s (no average)

Differential Lightcurve of 0716+714 over 10 minutes

Q — Rbar. 07160205300 1 00 1 0 O Errscale: 1.00 ; Apt @
T T

Magnitude

Poigson errors
20

minutes
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L3 CCD campaigns — update — N. Smith et al.

PG0716+714 — 600s averages

26,493 frames of 0716+714

Errors based on scatter in data

W = Rbar, pgO716-67 OO0 + 1 11 00 Errgc. 1,00 600 = &pC @
4 T T T T T T T T T T T T

e,
e

Second ENIGMA Meeting 257 C. M. Raiteri, M. Villata (eds.)



Campaign session I: Past and ongoing campaigns
L3 CCD campaigns — update — N. Smith et al.

PG0716+714 — 60s averages

Detail of PG0716+714 flare

Stability of Reference Stars

100240 8; Ap: 2

RMS Scatter = 1.7mmag
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Campaign session I: Past and ongoing campaigns
L3 CCD campaigns — update — N. Smith et al.

Detail of PG0716+714 flare

Stability of Reference Stars

RMS Scatter = 1.7mmag

PG0716+714 — 2500s average
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PG0716+714 — 100s average

(RMS Scatter in reference stars = Tmmag)

PG0716+714 — 300s average
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PG0954+658 — 240s averages

Mini-flare in 0954+658

0 — Rbar. paD354—Tsum O 1 0 1 C 1 0 Errsc.t 1.00 240 55 Ap: 10
—0.08 T T T T T T T T

~0.04 - }’l
21
v
£
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Variable reference star

0716+714
field B
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L3 CCD campaigns — update — N. Smith et al.

Field of 0716+714

(Ongoing) Conclusions

400,000 data points from two campaighns

Reliable, but not photon-limited photometry

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

Lots of well-defined structure — nothing ultra fast
“Staircase flaring” in PGO716+714

“Classical flare” in 0954+658

v sharp rise, slower fall.
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THANKS TO THE LOC!!
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Campaign session II: Future campaigns
Outlook on the AGILE mission - 1. Ostorero et al.

Campaign session Il: Future campaigns

Outlook on the AGILE mission — L. Ostorero, M. Tavani, S. Vercellone, M.
Villata, C. M. Raiteri

AGILE: Astro-rivelatore Gamma
- - | ad Immagini Leggero
OUTLOOK e
~ ON THE
AGILE MISSION

i (D
Luisa Ostorero * ASI Small Scientific Mission dedicated

to gamma-ray astrophysics

M.Tavani @, S.Vercellone ®, (PI: M.Tavani)
: - ol Imaging:
M.VI”O"’G (4), C.M. Raiteri 4 30 MeV-50 GeV : AGILE 6RID
i 10-40 keV : Super-AGILE

() Landessternwarte Heidelberg
@ 1ASF, Sezione di Roma * Planned to be operational in Jul-Sep 2005
) 1ASF, sezione di Milano
) Torino Astronomical Observatory * Only mission entirely dedicated to

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

AGILE GRID: 30 MeV - 50 GeV

FOV ~ 3 sr (1/5 sky)

Energy resolution AE/E ~1 at 300 MeV

Source Loc.Accuracy 5'-20' (S/N~10)
de-11
ph/cm?/sec/MeV
(1000 ksec)

Sensitivity at 1 GeV

Super-AGILE: 10 - 40 keV

FOv ~ 0.8 sr

Energy resolution AE < 4 keV
Source Loc.Accuracy 2'-3' (5/N~10)

Sensitivity @ 15 keV 5 mCrab
(50 ksec)

AGILE AND BLAZARS:
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AGILE & BLAZARS:
Energy range
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Super-AGILE

10-40 keV AGILE GRID
30 MeV-50 GeV
Simultaneous

hard-X / y-ray data

AGILE EFFECTIVE AREA

AGILE on axis EGRET on axis

ASLE, EGRET & COMPTEL EFFEUEVE AREAS
10000
'] i w (o e}

1000
é -
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AGILE
50 deg off axis

EGRET
40 deg off axis

Simultaneous monitoring of
many AGNs!
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Outlook on the AGILE mission - 1. Ostorero et al.

AGILE
SOURCE LOCATION ACCURACY AGILE ALLOWED POINTINGS

wae-

PPN : 1| | ===~ EGRET
$ 5 ! AGILE
Boc ; Super-AGILE

R T SOLAR PANELS: TELESCOPE AXIS:
i 1 SUN-EARTH LINE // SOLAR PANELS
(fromTavani 2002, proec. 3" AGILE Warkshap)

Fy = 30 x 10-8 ph/em?/sec/MeV (E>100 MeV) ALLOWED POINTINGS

Teff= 1 week DIRECTED ALONG THE
ECLIPTIC MERIDIAN AT

0 (EGRET) = 17 ° d~1.3° + 90°

9 (AGILE) = 28 ° d~0.7° FROM THE SUN

EVOLUTION OF THE
EXAMPLE OF A POINTING POINTING AREA

JAN 06 JAN 06 - FEB 05

AGILE allowed pointing
directions on January 06

e ecliptic
t
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Outlook on the AGILE mission - 1. Ostorero et al.

EVOLUTION OF THE EVOLUTION OF THE
POINTING AREA POINTING AREA

JAN 06 - FEB 05 JAN 06 - FEB 05

The sources drift in the AGILE
field of view

MULTIWAVELENGTH A i .
FOLLOW-UP PROGRAMS GAMMA-RAY ACCESSIBLE SKY

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

March 20
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GAMMA-RAY ACCESSIBLE SKY GAMMA-RAY ACCESSIBLE SKY

March 20 March 20
AGILE FOV radius = 60° AGILE FOV radius = 60°
120°-wide sky belt 120°-wide sky belt
accessible to y-ray observations accessible to y-ray observations
X-RAY ACCESSIBLE SKY AGILE-OPTICAL

ACCESSIBLE SKY

M_ar'ch 20

March 20

. * = 2 1]
Super-AGILE FOV radius = 20 v 13 y-ray blazars (3: opt. mon.)

40° -wide sky belt ¥ 1 blazar (v ?)
accessible to X-ray observations o B Calsetic soiicis
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AGILE-OPTICAL A POSSIBLE POINTING
ACCESSIBLE SKY STRATEGY
March 20 To obtain the best results from coordinated
o i . AGILE & OPTICAL

observations of blozars, 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

¥ 14 y-ray blazars (9: opt. mon.)

¥ 13 blazar (v ?) . the position of the sources in the night sky
. the position of the main X-ray sources in
¢ 2 Galactic sources the Super-AGILE FOV

Sky coverage CONCLUSIONS

A s bl
- :‘Y _;. Feb 19 . .

¢.® AGILE is the next X-ray / y-ray
o 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.
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