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CHAPTER 1. INTRODUCTION (S. WAGNER)

ENIGMA

An enigma is a riddle ... (Encyclopaedia Britannica)

In ancient Greece the winged sphinx of Boeotian
Thebes posed a riddle taught her by the muses.

Sphingen are symbols of enigmatic behaviour,
... as 1s frequently displayed by Blazars also.
The sphinx was picked as a symbol for the network.

*Note that the Boeotian sphinx is winged, female, and
carnivorous (unlike its Egyptian ancestor).

The reasons for those differences are unknown...

ENIGMA

Research Training Network (RTN) in FP5 of EC
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.

Supported with financial contributions for travel
and young researchers (11 positions).
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General information

ENIGM A+

A network on Blazar research, funded by the European Commission through the

“IMR (Training and Mobility through Research) program.

* WWW

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

European Overview L Linked pages:
Network for the i enigmavac.html
Investigationof Teams enigmasci.html

Galactic nuclei
through

Multifrequency

Analysis

ENIGMA is the astonym of this Entopean Netwalk fot the [nvestigatioh of Galactic huclei

ENIGM A=

A network on Blazar research, funded by the European Commission through the
‘TMR (I'raining and Mobility through Research) program

ENIGMA is the actonym of this Entopean Netwouk for the Investigation of Galactic nuclei
thiough Multifiequency i
14

This page lists all cutient vacancics in oot network, ENLC tilbes the profiles of individual
pesitions, and gives farther details on the job snnonneement.

Positions within the ENIGMA
network

The ENLTMA tietwork in total offcs € postdectotal and 2 puedoctotal (PHD) positiens. All o these
pasitions shal| be filled betwesn May 3003 and November 1003, Specifically. the netwark now offers
the following pesitions

1 pestdoctotal position. up to thies yeats total, staiting ca. June 2003, LSW Heidelbetg, Getmany

1 peetdoctotal position, up 1o 1w years total, stating ca. Jaly 2003, Totine Observataty, Terine, laly
cual position up o 1wo yeas tolal. stading ca. Sepiember 2003, Breia Observatory,

MilanofMetate, aly

Futher positions with the feans of Medsahovi, Finland, Athens, Greece, and Cotk. Tueland will
became available in fall 2003

Detailed job proiles we given belaw. All shanld be sent to th of the

Jobs

e Comments, corrections,
and additions welcome.

Publications

* On-line editing at this
meeting (see Peter Strub)

Homepage: ENIGMA - Mozilla
Elle Edit View Go Bookmarks Tools Mindow Help

Q008

4§ Home [JBookmarks < The Mozilla Or...

[ Wi/ sveuni-heidalberg da-swagnarfenignascit himiesciance

] s <5, [l

 SuSE - The Lin...

luctuations
| Convener.C. Reitesi, OAT, Italy, Depute: A. Witzel, MPIfR, Germany

Science

activites of this network are addressed in six different r
requirements of theme, the empi
heve many links '

search themes. They are

closely connected to each other. While ol of the empiricsl themes drive the
:p observational resources and coordinated campaigas. The two

projects sim 5
and obvious he three empiricel subjects.

1) Towards automated, fast, and aceurate photometry:

) aeruby exposures, acks of about 1% with afew100 t0 10000 sec
In rder o mprove quaity end quaay of k s ot d understanding of @ affect the quality of the photometry of

int sources in close to the phaton fhux imit. In parallel it sims ot an assessment of
the tecknological lescopes and of anetwork of roboric telescopes that shell be operated by several teams of the network.

Convener: N. Smith, CIT, Ir

Jand, Depute: s Wagaer, LSW, O:m\m\y
2) Separating intrinsic and extrinsic Intraday Variability:

Nearly 15 years ago rapid radio vriabilicy was discovered. Fest changes of flux deasity could be
Ifthey e ntanec in e, vzy hig appaeat bightmess tenpesatues e requed. Both exglanstons v kel
scinallation ch  incrnsic IDV and to make use of RISS
‘network plens to follow several toutes to seyante inanic and exnac ffects We tend tocary ot severd
optcal frequencies to seperate the ole of nterstelar scintilletion (whi followed by th

sible: e e A ey s . et Vighaes mperscs o et kiR

but would then'b 4 low radio frequencies.

portent
1y 05 en uitre-high

The
, sub-mm, IR, end

wavelengths from very fast optical

3) Radiation processes at high energies:

Coordinated multifrequency moritoring is an essentialfor the understanding o radiation mechanisros. The high-energy end of the synchrotzon bronch and the Compton-scottered
estsleteswol mecalirpoctmce The s Il davi ol fclen st vl e Vs am apcstonof € of b satimd i peFcds e )

led analysis of stuategies for coordinated long-tem
programs, which wil beused o rar/ ou uch ng uom sinmkunacns obseveciensn sl with e Exrpesn Nerions ROILE st NTEGRAL s whih ol et s - -
o the European TeV facilives HESS and MAGIC. Deiled studies shall be carried out fo periods of sbout two weeks togecher with XMM, INTEGRAL, and ground-based

ENIGMA workshop, 5. Wagner. Landsssietnwarte . Konigstohl, 63117 chdnlbcm_ Geumany
(swagnet@lsw. uni-heidelberg.de). Any candidate may appls fol mote than one of the positions. [n
this case. an cuder of piefercnce should be indicated in the application

In case of Piedoctotal pesifions, candidates will be integiated in the PhD piogtams offeied by the
Lespective mnivesities. Noumally this will lzad to the degres of PhD being granted by this iy
1t i5 also possible fot PhD stode nts 1o catty oot theit teseatch on the piojects described in the specific
annonncements b temain enalled in theit home nniversities. It may this be pessible for students to
obtain theit degrees al the home aniversitiss. In snch schemes, extended annual visits to home
univeisities aie forssesn

v Position, L

The Landesstetnwatie Heidelbeig offets a postdoctiotal pesition within the framework of the
ENLGDMA project Cmndmmﬁ in any of the ficks of .ncmh of ENLGMA ate invited 1o apply

about twice a year on sources of diffeceat overall properties. The results of short-term and long-term monitoring will be used to improve our uaderstanding of [
& b and particle

We plen to exrange and T
nearIR, optical, K-ray, an y instrumentati

¥ ;, making use of the frst-t
Comvener'. Teka Foode e Bepace:S. Wegner, LSW, Gemany

paign lability of a complete wavelengeh coverage,including radic-, ma,

4) Variations of Source Structure and Flux:

Inaging studies ore anly

Subatrucrrean sl s i hvicaly assciaed i vrebliey on tme sceles comperable to th trovel ime through the source. The deads o s

reletion are linked to Th

hee .\tIeslenzkuges.ﬁsnzl\xdvumunns mupunm well-spled long-tem fux-deasity monstonag. This reqres o dramatc merease
ampling e e dynaic Tngs of VLBY campeips. We tendt cmy s o piansrng xperinent t dteing optima scsagos for seveal

Comp i, I poslal s plan  #0cvp em meacmaeeal dacebase iz wal-ssmpld soces el with ong 3o o

‘We want o combine the existing data have b At Combinations of these.
data will provide a much denser coverage and enable us t study the low-frequency end of the g ocact foat Sacitos, Wo weok ta eaglitthoBuge

| For precise photometty
investigations msmm\aummw in the tadio, optical. X-tay, gamma-tay and VHE domains,

05/08/2003 0

data-b bled by several of the team an the pe \mu object O] 287, which i the best case known for periodic variability. The arigi of the
pecodicity is ©
Eivenes b Weed VPR B, ommy Depure: M. Tombosks, HUT, Siland

References: A. Zensus, 1997, Amn. Rev. Astron. Astrophys., 35, 607.
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CHAPTER 1. INTRODUCTION (S. WAGNER)

Research

* Six topical themes (tasks):

e Toward automated, fast, and accurate photometry.
* Separating intrinsic and extrinsic intraday variab.
* Variations of source structure and flux.

e Radiation processes at high energies.

* Particle acceleration in MHD outflows.

* The power of jets.

Research

* Six tasks (topical themes)

* Main idea: benefit by combining these goals

* Tasks useful for structuring (for reporting, etc.)
* No limitations by categories

® 244100 person years cannot do everything!

* Orthogonal elements (OJ 94+, WEBT, archive)

* Extending archives to multifrequency coverage
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1.1 Task 1: Robotic Telescopes
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CHAPTER 1. INTRODUCTION (S. WAGNER)

Task 1: Photometry

* Improved photometric accuracy
* Compatibility of data from different telescopes
* Accuracies of individual telescopes

* Goal 1: Photon-noise limit, i.e. Millimagnitudes.
Curve-of-growth?

¢ (Goal 2: Gaussian error distributions

* Photometry of resolved BL Lac Objects
2-D models, maximum likelihood, EW data?

Task 1: Fast photometry

* Temporal characteristics
* Power density spectra

e Fast variations constrain sizes and mechanisms of
particle acceleration.

e Sub-min variations detected at optical and x-ray
wavelengths. => characteristics, t min.

* .3 campaign
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1.2 Task 2: IDV
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* An old problem:
(for a bit of history
see Wagner and
Witzel, ARAA, 33,
163)

,,Problems worthy
of attack prove their
worth by striking
back*

CHAPTER 1. INTRODUCTION (S. WAGNER)

Task: IDV

35.04,10 3C 120, BL Lae, and 0J-287: Coordinated
Multiwavelength Observations of Intraday Variability.

E. E. EPSTEIN, Acrospace Corp.; E. E. BECKLIN, G. G.
WINN-WILLIAME, G. NEUGEBAUER, Hele Observ,, Caltech;

W. G. FOGARTY, Steward Observ., U. of Ariz., Aerospace
Corp.; K. L. HACKNEY, K. R. HACKNEY, R. J. LEACOCK.

R. B, POMPHREEY, R. L. SCOTT, A. G. SMITH, U. of Fla.;

W. A. STEIN, U. of Cel., Sen Diego, U. of Minn.; B. GARY,
J.P.L.; R. W. HAWKINS, David Dunlsp Observ.; R. C.
ROEDER, K.P.N.0.; M. PENSTOM, K. TRITTON, Royal Greenwich
Ovserv.; G. WLERICK, Observ. de FParis: J. H. BIGAY,
Ovserv. de Lyon; U. BARNARD, C. BERTAND, A. DURAND, U.
MERLIN, Ubserv. de Haute Provence - Simultanecus and
near-simultaneous opticel, infrared, and radic cbserva-
tions were made to search for intradsy vaerisbility of

3C 120 amnd BL Lac in November 1971 and of OJ 287 in
February 1972. (BL Lac and QJ 287 are very active
gources &t both radio and optical wavelengths on time

scales of days or longer.) Definite optical intraday
variebility was found for BL Lac, verifying earlier
results. The 3.5-mm and S-mm data strongly suggest
intradey varistions of OF 287 with amplitudes as large
as v 30%; the apparent variations at 3.5 and 9 mm seem
to be correlated. The cne good night of infrared data
for OJ 287 shows definite varisbility of ~ 30%. This
same night was one of the nights which showed apparent
variations at millimeter wavelengths, but there is ne
correlation between the infrared and millimeter variations.

Task: IDV

At low frequencies: high Ts vs. scintillation:

Separation by simultaneous observations:

see 0716+714, 0954+65 for success and shortfalls

Separation by SI variability:

How well can it be determined?
Can it be extrapolated?

Separation by physical characteristics?

...1f either mechanism was understood.

Separation by statistical charactristics?



1.3. TASK 3: HIGH ENERGY EMISSION

1.3 Task 3: High energy emission

i S

@ High energy emission g

e TeV emission

* Multifrequency monitoring, e.g.
WEBT, ATOM @ HESS

e Are flares correlated ?
e Acceleration mechanisms

* Long-term characteristics of

correlation characteristics

e MAGIC for northern sources?

21
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=i High energy emission

* GeV studies (AGILE)

e Correlations S-IC ? e ST f
Statistical significance ol :
Flares vs. flicker? PRI T T
IC VS. SSC ‘) T R —n T ‘m‘ 9:,0000 ‘oz sozs | 'sos0

-9.2 T : : B

e Uncorrelated vs. “eal 4]

correlated flares 0 |

-95 - .'!‘.C;:‘

-9.6 1 1 1 !

e Being ready for
g y 17.8 18 18.2 18.4 18.6 18.8
GLAST Frequency [Hz]

~& High energy emission . . -

* Temporal signatures = -
IDV characteristics :

 Spectral characteristics L “
(broad energy range?) ----------------------------- o
XTE, INTEGRAL, o ;
Super-AGILE? e E

* Signatures of ICCs: 5 |
0716+71 INTEGRAL S el
campaign - A



1.4. TEAM HEIDELBERG - S. WAGNER 23

1.4 Team Heidelberg - S. Wagner

Team lea
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Task 1
ATOM @ HESS

CHAPTER 1. INTRODUCTION (S. WAGNER)

Fast variability (L3)

Statistics on short-

timescale-variability

Photometry of AGN in
resolved host galaxies

Max. Likelihood Phot.

Ta_sk 1

log S (dt)

-1
log (dt/1 day)
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T T I T T

* [R-opt. IDV (SI) : il

% i e 1
* IDV in sub-mm range T 2T
* Statistical properties in e

log (dt/1 day)

different wavebands.

-9.2 , , : . —

* Coordinated eal .%C
Campalgns??? 94l Lm»@,mmﬁf%hﬂ“%; -

* Signatures of ICCs 951 o1 i .
* SB, JH, DK, SW s e me e s

= of structure and flux

* Special presentation (Silke Britzen)

* Very fast variations of
source structure?

* Correlations indicative
of variable boosting in
curved jets?

* Core flares/jet flares?

o SB, SW M87, T.P. Krichbaum, priv. comm.
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e TeV studies (HESYS)

* Synch-IC correlations
in TeV sources

e [CC studies with
INTEGRAL

¢ Un- vs. correlated
flares (AGILE)

R TR } 15

§ ve b £

e SB, MH, GP, JH, SW AR AN T T
’ . ’ ’ S

& Task: Particle acceleration

* Acceleration time scales
Comparison to shortest time-scales in blazars.

e Sizes of acceleration zones.
Travel time vs. Acceleration time (scaling?)

* Do losses determine the maximum energy?
Secular changes in individual objects?

e Alternatives to diffusive acceleration?
e DE, JK, PS, SW
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The power of jets

* Separate presentation
* (Max Camenzind)

* Where do radiative losses (variability) dominate?
Distances of flaring regions from the nucleus

* Variability in FR I and FRII sources
amplitudes, time-scales, max. energies, rates as
function of jet-power?

e MC (+), JK, PS, SW

Contacts:

* Automated, fast, ... photometry: Marcus Hauser

* IDV: Jochen Heidt
* Flux and structure: Silke Britzen
* Radiation processes @ H.E.: Gerd Piihlhofer
* Particle acceleration: John Kirk
* The power of Jets: Max Camenzind

someof this will change(ENIGMA personnel)

27
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1.5. TEAM BONN - A. WITZEL (ORAL)

1.5 Team Bonn - A. Witzel (oral)

1.6 Team Tuorla - L. Takalo

Tuorla AGN Science Program

Participants:

Scientists: Kari Nilsson, Markku Lainela, Tapic Pur-
simo (NOT), Aimo Sillanpids, Leo Takalo, Esko Val-
tacja, Kaj Wiik

Students:

PhD: Elina Lindfors, Mikko Pasanen, Tuomas Savolainen,
Joni Virtanen

MsC: Elina Nieppola, Pia-Maria Saloranta

Degrees cbtained:

PhD: Kari Nilsson 1997
Harri Pietila 1999
Tapio Pursimo 2000
Seppo Wiren 2000

Kaj Wiik 2002

MsC: Mari Hanski 2000
Tuomas Savolainen 2001
Joni Virtanen 2002
Tiina Schafeitel 2002
Elina Lindfors 2003
Mikko Pasanen 2003
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Science:

1. Monitoring programs
Tuorla 1m telescope (BV)R ST1001E
Monitoring since 1980.
KVA: ST8 UBVRI. Apogee CCD with B,R,WL polar-
ization. Automation in progress!

Multifrequency Campaigns:
Have taken part in several campaigns, involving satel-
lites and TeV-telescopes.
MAGIC, INTEGRAL
Full member of MAGIC Cecllaboeration since 2002.
Co-investigators in several INTEGRAL AGN programs.

2. Host galaxies of BL Lac objects
1Jy sources, RGB objects (100 sources).

3. RAFI:
Identifying RASS-FIRST sources.

4. OJ 287:
Last outburts 1994/95. Next outburts 2006/07!!!

5. Modelling and Theory
Started together with Bochum University team and with
Marc Tirler from INTEGRAL Science Center.

6. Planck satellite
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1.7 Team Metsahovi - M. Tornikoski

Metsahovi Radio
Observatory

31



32

CHAPTER 1. INTRODUCTION (S. WAGNER)

Metsahovi / HUT

Operated by the
Helsinki
University

of Technology.

13.7 m dish.
22, 37 (+ 90) GHz.

No open time for other observers -->
time consuming projects possible.

Small AGN group,
close collaboration with Tuorla scientists.

Merja Tornikoski
Metsahovi Radio Observatory

AGN Science: Team

Dr. Merja Tornikoski: [lona Torniainen:
Radio/submillimetre variability Inverted-spectrum radio sources etc.
Southern sources

Multifrequency studies Mikko Parviainen:

Planck extragalactic foregrounds  Planck Quick Detection System

Dr. Anne Lihteenmiki: + undergrad. students
Radio to high-E connections working part-time (observations
Planck extragalactic foregrounds  gnd thesis projects)

+ Dr. Markku Lainela (Tuorla):

SEST observations, Southern sources

Merja Tornikoski
Metsahovi Radio Observatory
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Science: Radio / high-E

Activity in radio related to high-E?
Emission mechanisms, constraints.

Why are some radio-loud AGNs detected in
gamma and some are not?

Why are some gamma blazars not always
detected in gamma?

What are the unidentified extragalactic
gamma-ray sources?

Merja Tornikoski
Metsahovi Radio Observatory

Science:
Planck extragalactic foreground

Inverted-spectrum radio sources

e "Genuine GPS sources", other inverted-spectrum
sources, extreme GPS sources, etc.

e Contribution to high radio f (Planck foreground).
e Unification models.

Radio properties of BL Lacertae Objects

¢ Radio-selected -- IBL -- X-ray selected.

¢ Radio-quiet BLOs?

e Variability, contribution to high radio f.

Merja Tornikoski
Metsahovi Radio Observatory
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... Planck extragalactic foreground

Models for the radio variability in AGNs

e Timescales, amplitudes,
superposed flare components,
connection to VLBI components.

e Shock models for radio variability.

e "Predictions" or educated guesses about the
variability state (e.g., for Planck).

e Planck quick-time detection system (QDS) s/w
and related tools + science
(simulation s/w, source catalogs, models).

Merja Tornikoski
Metsahovi Radio Observatory

Science: Radio / Optical

When are radio and optical emission correlated,
when not?

(different kinds of flares,

different kinds of sources, ...)

Can we predict a correlation
[from previous observations]?

Constraints on models.

Merja Tornikoski
Metsahovi Radio Observatory




1.7. TEAM METSAHOVI - M. TORNIKOSKI 35

Most of our activities are related to
ENIGMA science themes:

4. Variations of Source Structure and Flux.
3. Radiation Processes at High Energies.

2. Separating Intrinsic and Extrinsic Intraday
Variability.

Merja Tornikoski
Metsahovi Radio Observatory
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1.8 Team Torino - C. Raiteri

SCIENCE PROGRAM OF THE TORINO TEAM

1) Whole Earth Blazar Telescope (WEBT)
management and organization of WEBT campaigns

||~ TASK 2, 4

Present: analysis of optical
and radio data of the WEBT
campaigns on BL Lacertae

Future: next campaigns on 3C 66A (+RXTE) ||- TASK 3
and AO 0235+16 (+XMM?)




1.8. TEAM TORINO - C. RAITERI

2) Optical photometric monitoring
of blazars with the 1.05 m REOSC
telescope of the Torino Observatory
—soon (!?) robotic

3) Near-IR observations of
= OJ 287, 3C 273, 3C 279,
3 PKS 1510 at TIRGO

* Bad weather
* Technical problems

e Soon closed?

4) Optical Spectroscopy ?: proposals submitted to the
ESO NTT and to the Telescopio Nazionale Galileo
(TNG)

In particular: we asked for a spectroscopic
monitoring of AO 0235+16 at TNG to see
the relative variation of the continuum and
the broad Mg II line strength

AOD 0235+164

g .
! Qctober 1985
IIIIln||||llllii;::lllllllmmlg . ; & .
e 7 A
. e ;.a— I. F
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5) Analysis of multifrequency data:

* Spectral behaviour
e Search for characteristic variability time scales/periodicities

e Correlations and time lags

GC 0109+224 (Ciprini et al. 2003, A&A 400, 487)

AO 0235+16 (Raiteri et al. 2001, A&A 377, 396)

S5 0716+71 (Villata et al. 2000, A&A 363, 108; Raiteri et al. 2003, astroph)
ON 231 (Tosti et al. 2002, A&A 395, 11)

BL Lacertae (Villata et al. 2002, A&A 390, 407; Villata et al. 2003, in
preparation)

AO 0235+16
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S50716+71

=
ol
=
=
¢l

T
"“Ir * B0 GHZ, UMRAQ

[ = 84 GHz, Venturi et al. 2001
/5[4 B4 CHz, Effelsherg

T T T [T T[T

6) Modelling blazar emission variability: the
rotating helical jet model

||~ TASK 4

First proposed by Villata & Raiteri (1999;
paper 1) to explain the dramatic changes of

the Mkn 501 synchrotron component
observed by BeppoSAX

Since then we are testing the model on
both the low- and the high-energy
components for several blazars (paper 2,
still in preparation!)

Ostorero 2003— PhD thesis — application to AO 0235+16 SED
and light curves
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1.9 Team Brera - GG. Ghisellini

Power & Matter content

SED

Data (SAX, XMM, Chandra)

Multiwavelength campaigns

REM




1.9. TEAM BRERA - G. GHISELLINI

Laura Maraschi (Director)
Gabriele Ghisellini

Tommaso Maccacaro

Gianpiero Tagliaferri

Aldo Treves (Univ. of Como)
Anna Wolter

Fabrizio Tavecchio (Postdoc)
Boris Sbarufatti (PhD Student)
Marcello Ravasio (PhD Student)

17 1pld 10
Redlus {om)

16 20
Logp{w)

160

200 300 400

Time (days]

800
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Infrared and optical telescope for follow-up of GRBs

Diameter: 60 cm

Fast slewing

Completely robotic

During idle time can observe blazars
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@ sp=
°

ISA - Integration and Site Assistance

Happy New Year in La Silla

NN

Inlernal shocks

D iscowls nos %/'e clyons of blobs with
o FEerewt _(57
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: [ladio ' 'mitting " -ray sources

Serendipitous sources from Rosat pointed
observations, wavelet algorithm

Cross correlation with radio catalogues

Optical identification of all candidates

Thermalization of
relativistic particles due
to emission and
absorption of

synchrotron radiation
Useful for blazar jets at

VLBI scales and beyond

Sl Can it explain the lack of
SIS | Faraday depolarization?

-1 0
log p (78)
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1.10 Team Athens - K. Tsinganos

ENIGMA RESEARCH AND TRAINING NETWORK
First Annual Meeting

10" -14"™ May 2003, Mayschoss, Germany

ATHENS/HERAKILION TEAM

INSTITUTE OF ACCELERATING SYSTEMS & APPLICATIONS ————djp

lASA

P.0. Box 17214, GR-10024 ATHENS, GREECE

Team members:

K. Tsinganos, A. Mastichiadis, N. Vlahakis, E. Rokaki
(Section of Astrophysics & Astronomy, Dept. of Physics, Univ. of Athens)
E. Xilouris
J. Papadakis (Univ. of Crete, Heraklion)
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1.10. TEAM ATHENS - K. TSINGANOS

OBSERVATIONS (Joseph Papadakis, Emmanuel Xilouris, E. Rokaki et al.)
Experience in observing and data reduction with optical telescopes.

Experience in short and medium-term optical variability of AGN by using the 1.3 m telescope of the Skinakas (Crete)
observatory to observe Blazars with the aim of studing the intra-night optical variations (study of flux and spectral variations)
and also monitoring blazars on a daily basis for a period of a few weeks in order to study their medium-term variations (time
scales of days/weeks). Plan to continue this work in the near future as well.

Analysis of HST archival data on AGN/comparison with sample of normal galaxies.

X-ray variability of blazars : flux & spectral variations of Blazars in X-rays, using satellite
data, such as RXTE and recently XMM. Collaboration with the other teams, in initiating a
detailed study of the X-ray variability in Blazars using archival data from satellites (J. P.)

Experience in the analysis of ISO & SCUBA observations (E. X.)

Experience in analysis of V,R,X ray observations and applications to the Disk-Jet system in superluminals quasars (E.
Rokaki).

Involvement in the construction & operation of the 2.3 m Aristarchos telescope (E. X.).

Location: Chelmos

Geogr. 013!
Longitude 2°13E

Geogr. 05q!
Latitude 379N

Elevation 2340 m
above sea level
Distance to Athens
(straight line)
Cloudiness statistics
(yearly)
Temperature o o
range (°C) -15° 430
Seeing "
(median) 07

130 km

33 %

.30m - Arlstarchos
1.29m - @ Skinakas

THEORY (K. Tsinganos, A. Mastichiadis, N. Vlahakis et al.)

Experience in constructing steady analytical 3-D models of MHD winds and jets (relativistic & nonrelativistic).

Experience in constructing self-similar solutions, demonstration of the role of the critical surfaces,
developing criteria for the collimation of MHD outflows, the asymptotics of collimated and cronical solutions,
the structural stability of MHD outflows and the efficiency of magnetic acceleration.

Numerical simulations of time-dependent MHD winds/jets, demonstration of magnetic collimation &
shock formation, acceleration of relativistic jets. Gamma ray bursts.

Time-dependent radiative transfer. Spectrum formation from synchrotron, synchro self-Compton and
external Compton processes. Particle acceleration in shock waves and coupling with radiation.
Application to blazars and gamma-ray bursts.
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Team Cork - N. Smith (oral)



Chapter 2

Session I: Towards automated, fast
an accurate photometry

(N. Smith)

2.1 G.Tosti: The Long Term Perugia University Optical
Blasar Monitoring

The Long Term Perugia University Optical Blazar
Monitoring
http://wwwospg.pg.infn.it

A detailed study of the Blazar flux variations can provide a considerable amount of information on
the physics and dynamics of the emitting region.

In particular, the knowledge of the possible variability modes of

BL Lac objects in the optical band is very useful to understand the significance of the correlation
with the variability observed in other spectral bands.

The Perugia program would contribute to the better
understanding of the flux variations of a sample of bright BL Lac objects in the optical bands trough
a systemantic daily (when possible) sapling of their light curves.

The automatic program started in 1994,

All observations during the last years were performed using a small size automatic telescope
equipped with CCD camera and standard set of BVRI filters for multiband photometry.

49



50CHAPTER 2. SESSIONI: TOWARDS AUTOMATED, FAST AN ACCURATE PHOTOMETRY (N.SMITH)

The Perugia University 0.4m
Automatic Imaging telescope

+Diameter of the primary mirror D= 40 cm

«Focal ratio f/5
« Newtonian optical configuration
- equatorial mount

«CCD Camera + Johnson-Cousins BVRI filters

Fully automatic Data Acquisition and Reduction.

TELESCGOPE MOUNT] DOME WEATHER ]
GONTROL CONTROL CONDITION
SYSTEM SYSTEM MONITOR
| | —
W= ——— | o
: 1 1 W
S0386/33Miz Pl com canera Y STAGE E
Fet- /i i CONTROL CONTROL R
H SYSTEM SYSTEM ; s
R ;
s L AUTOGUDER G |
! P
3 :
: ¥
2| | [ coozcern F\LTERaWHEEL ; : .
H CONTROL H ¥
= H FOCUSING STAGE] ! =28V |
: SYSTEM lcontroL system] - ‘g S
o - e e
=] : ; g
== i [DMGNGSSTM o
PC2 - BOABE/66MHz

200 -

180 4
W
£ 1601
%‘0 - 40 4
N}.g 120 -
£ E 100
S £ 80
2 60
o 404

201

1992- 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
1993 {lan-
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The best sampled Blazars

Common Name AR DEC z Type Max[R] Min[R]

S2 0109+22 01 12 05.8 +22 44 39 BL 14.82 16.21
3C 66A 02 22 39.6 +43 02 08 0.444 HPQ 13.79 14.94
AO 0235+164 02 38 38.8 +16 36 59 0.94 BL 14.98 16.94
4C 47.08 03 03 35.2 +47 16 16 0.475 BL 15.9 16.7
NGC 1275 03 19 48.1 +41 30 42 0.0176 UG 13.47 13.65
1H 0323+022 03 26 14.0 +02 25 15 0.147 BL 15.73 16.59
1H 0414+009 04 16 53.8 +01 04 57 0.287 BL 16.11 16.58
PKS 0422+00 04 24 46.8 +00 36 06 0.31 BL 14.06 15.46
S5 0716+71 07 21 53.4 +71 20 36 0.3 BL 13.71 14.81
PKS 0735+17 07 38 07.4 +17 42 19 0.424 OVV 15.42 16.57
1ES 0806+524 08 09 49.1 +52 18 59 0.138 BL 15.38 15.81
PKS 0829+046 08 31 48.9 +04 29 39 0.18 BL 14.74 15.56
OJ 287 08 54 48.9 +20 06 31 0.306 OVV 14.67 16.27
S4 0954+65 09 58 47.2 +65 33 55 0.368 BL 15.43 16.46
OM 280 11 50 19.2 +24 17 54 0.2 BL 15.6 16.49
TON 605 12 17 52.1 +30 07 01 0.13 OVV 14.22 14.63
W Com 12 21 31.7 +28 13 59 0.102 BL 13.65 15
3C 273 12 29 06.7 +02 03 09 0.1583 LPQ 12.71 12.88
3C 279 12 56 11.1 -05 47 22 0.5362 HPQ 14.46 15.95
0Q 530 14 19 46.6 +54 23 15 0.151 BL 15.15 15.86
PKS 1424+240 14 27 00.4 +23 48 00 BL 14.13 14.39
MS 1458.8+2249 15 01 01.9 +22 38 06 0.235 BL 15.54 16.16
3C 345 16 42 58.8 +39 48 37 0.5928 HPQ 16.02 16.79
MRK 501 16 53 52.2 +39 45 37 0.0337 BL 13.34 13.49
H 1722+119 17 25 04.4 +11 52 16 0.018 HPQ 14.31 14.83
IZw 187 17 28 18.6 +5013 10 0.0554 BL 15.54 15.9
3C 371 18 06 50.7 +69 49 28 0.051 OVV 14.23 14.49
1ES 1959+650 19 59 59.8 +65 08 55 0.047 BL 14.66 15.19
PKS 2032+107 20 35 22.3 +10 56 07 0.601 BL 15.01 15.33
BL Lac 22 02 43.3 +42 16 40 0.0686 BL 13.51 15.2
PKS 2254+074 2257 17.3 +07 43 12 0.19 BL 15.98 16.63
1ES 2344+514 23 47 04.8 +5142 18 0.044 BL 14.82 15.16

0J 287

138
14
i
xr 15 £2 I f§
{ T
16 A § i
.II
17+ttt
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
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IRAIT & Mid-Infrared monitoring from
Antarctica

Dome C (3280m asl on the Antarctica
Plateau)

Ground
indlination < 11000

Terra Nova Baygy
3&&\! accumulation Bl Y S
4 Aureral oval limit W France)
quost:ﬁnmrysatalltn )+ 3 hours (personnel and light material transpert)
visibility limit

q ~12 l‘lﬂys (shipment and material tansport)

Extragalactic issues for IRAIT and moderate sized infrared
Antarctic telescopes

+ IRAIT and moderate size telescopes placed at Dome C could carry out a photometric

monitoring of the mid-IR variability, and could provide a mid-IR support for the

observing multiwavelength campaigns of southern blazars and other AGNs.

+ Preliminary estimations of the flux limit for [RAIT: (Si:As 256x256 array, 2-25 micron, in

background limited performances and S/N=3): 20-50 mJy at 10 microns, and 50-100 mJy

at 20 microns. (---> about 40 known southern blazars and 50

known southern ultraluminous IR galaxies (ULIRGs) achievable).

* This Other important extragalactic

Expected Perfirmance of a Dome C swrvey
programs: other AGN classes

(80 cm telescope, in the 2-10 pm range)
'1ﬂ= T I o] L R R R T3

compact galaxies colors at moderate
distances, diagnostic photometry of
starburst galaxies and ULIRGs.

A3g

(Seyfert galaxies, radiogalaxies and % 8 masric
radio-quiet quasars), study of bright "E 1k 1 & ]
nearby galaxies, search for galaxies ¢ Lo 3
in the Zone of Avoidance (Great o 12 A B mmivon @1
Attractor), identification of the s B o= Y

E -3
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GLAsT /‘")
INFN

i R

Correlation between the infrared peak emission and the
gamma-ray peak emission (IRAIT-GLAST synergy).
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Possible correlation between infrared-optical synchrotron flux and gamma-
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Student Work on Robotic Telescope
IRAIT

« design and implementation of remote control system

« qualification tests of specific components/subsystems
(motors,encoder,controller cables, connectors, etc.)
necessary for the telescope adaptation to antarctic
conditions

« Development of the robotic control system of the Mid-IR
Camera

« overall integration and test (in Italy at Coloti Observatory)
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2.2 N.Smith: High Precision, High Time Resolved Pho-
tometry of AGN

High Precision, High Time Resolved
Photometry of AGN

Dr. Niall Smith

Cork Institute of Technology




2.2. N.SMITH: HIGH PRECISION, HIGH TIME RESOLVED PHOTOMETRY OF AGN

What are RIQs ?

Quasars with flat
radio spectra

Flux Density (mdy)
- s

10°

Density {mdy)
3

Flux

Flux Density (mdy)

Barvainis 2000

Falcke 2000

Quasars with
compact radio
cores

95
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What are RIQs ?

H0 <R <250

01 6 a4 07 16 32 &3 1. 25 S0 100 200 400. 790. 1600
’

Falcke 1996

Why might RIQs be Important ?

Falcke et al. (1996) suggested some RIQs might be
relativistically boosted radio-weak quasars.

— Brunthaler et al. (2000) observed superluminal motion in llIZw2, a
clear sign of relativistic outflow

Could represent a link between radio-QUIET quasars and
radio-LOUD quasars

Radio-Loud / Radio-Quiet
dichotomy

Why do only 10% have jets?
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Why Variability Studies?

Characterise the variability of RIQs on intraday
or interday timescales

Determine the reality of rapid, small-amplitude

events (T > 1012 K?)

Ghoose objects on which to
perform differential photometry.

Anapuma
1998

(BAL)
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The Sample

Data Acquisition

Master flatfields in B and V
— 40 V flats with 20k counts each
— 38 B flats with 20k counts each

Il <45k in all sources under
clearest conditions

Images re-centered night-to-night

Observations repeated at same airmasses
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DARK TIME

(when we could)

Data Reduction

Automated IRAF apphot routines
— multiple recorded (uncrowded)

Reduction has two main facets - inspection of images
(cognitive) and management of data.

Automatic management of data can be addressed by
development of appropriate frameworks.

Cognitive aspects, such as object identification
/classification are not easily automated.
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Rejection of Cosmic Rays

In our application we trained a simulated artificial
neural network to classify detected objects in an
image as either stars or noise artifacts (cosmic rays).

A training set consisting of 1000 image sections
classified by human experts was used.

Neural Networks Work

Experimental results show that the neural network
was very successful at this classification task.

NetCBrsmcaton Companed © TertDad
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Generation of Lightcurves

Output is piped to IDL program “qvar”

Magnitude

—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

Data Reduction

Quasar raw datao

20 21 22 23
25 Sep

21022 21 22 23 22 R3O0 021 22 23 22 23 0

1

61
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Growth Curves

Frome 47; tcl; 8.0

Quazor: O

15
Aparture

2 — Rbar. 1827105982 1 030 1 0 G O 3O Errscale: 1.40
T T T T T T T T T T T T T T T T T T T T T

Magnitude

T R N T T R T N B | TR L1
2345568012345 62345123485 E01234356
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7 May H May 11 May 12 MWay
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Subsample of Results

Q — Rbar. 1821r_0598_2 1 00 1 00 0 Q Errseale: 1.40 : night
2.56 Trrrr T Trrr T Trrrr T Trrr T Trrr oo

-EEC-?HHE" s

R " !
[ ] SO 4 0 AP S M CP1.
el HEEIHHENI ]

Magnitude

@ — Rbkar for each night. 1821r_0598_.2 100 1 0 0 O O Errscale: 1.41
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Mightly average
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Nightly Averages

@ — Rbar for each night, 1221p_0598_2 1 00 0 0 Q0 0 0 Errscale: 1.40
0.740 I

Mighthy aweroge

2
b
~
=1

0 3

What do we find in RIQs?

Bhort-timescale variabilty seems to be of very low

amplitude
— hint of variability in a couple of sources

B-band variability may be more pronounced

No ultra-rapid variability from single data points, or
small groups of data points

[; of reference stars and

provide robust results
— try combinations of reference stars, apertures, etc.
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Future RIQ Prospects

Understand how to reach photon limit with
CCDs and differential photometry (0.0005™)
— focussing
— undersampling/oversampling
— alrmass
— tracking/seeing
— field of view

Small telescopes very important
— regular intensive monitoring
— large number of sources with m, < 19

Careful selection of fields
EVN data

Not all fields are
photometrically equal
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Good Photometric Field

Field: B2 2134+23 Center (a, 5): 21°37™06.0°, +23°57°02.0"
Equinox, Epoch: J2000.0, 2060.0

@2 wmes
T e ssmee
e 10zmsia
= 12smcid
o+ 145m<16
* + 18&m<1B
M+« 18Em<z0O
- - 20€m<E1
|- et=m

Golor: red

Veg. Limite:
18.08mEL7T8

+20°%0 =

|- LI PN I S LS —
21ove4s'  elevme0r  RI'g7Tm1st  2107R00'  21'06™45" 210873

Source Catalogus USKO-ABO
ESFABEIIE DAL ET

New readout architecture using a GAIN REGISTER

Conventional CCD LLLCCD

On-Chip
Amplifier

On-Chip
Amplifier

e r—

erial register e e/ Serial register
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Conventional CCD clocking

Insulating layer

Surface electrodes
Charge packet (photo-electrons)
H-type silicon

/ P-type silicon

innininin

Charge packets occupy potential minimums

Potential Energy

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

Crain electrode

J U dubl

Potential Energy
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SNR for Conventional CCD

SNR = Q.LL[Q.L.(I+B,,) +N2] "

Q = Quantum Efficiency

I = Photons per pixel per second

t = Integration time in seconds

B, =Sky background in photons per pixel per second
N, = Amplifier (read-out) noise in electrons RMS

SNR = Q.LLF,.[Q.LF.(1+B,,) + JGr]

G = 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.
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D
Ds are most effe O O ed der |0 0 eVE
photo 0 0
alle e resolutio
1 s are outperformed by conventiona s 3 0
0 Ava
p—
Signal Level

nventional CCD m LLLCCD ‘

L3 ENIGMA Campaign

Stefan Wagner

Marcus Hauser

Niall Smith
Alan Giltinan

Steven O’Driscoll
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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!

5MHz readout rate @ 14 bit resolution

Two-stage thermoelectric cooling to —90 °C

€27,000

L3 ENIGMA Campaign

[2.2m telescope at Calar
Alto

07 nights Jan/Feb 2003
[Operated at Cass and
using LSW focal reducer
OApprox. 70,000 science

HENES

(39,655 science frames
on 0716+74

i
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Schematic of Connections

0Windows XP el
elescope m

PIII 256MB

0LabView drivers ram

computer.
Network|cable
(CATYV)

0Full frame readout only

P4 512MB ram

D Realtlme aperture laptop in control
photometry -

Markarian 421
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10 minutes of data

@ — Rbar. 07160203 001001 G0 Errscale: 1.00 ; Ap: 2
T T

tMagnitude

2-minute average

Scatter = 2.26 mmag

Q — Rbar. 0716.0203 001001 C 0 Errscale: 1.00 ; Apt 8
T T
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Q — Rbar. 0716_0203 001 00 1 C 0 Errscale: 1.00 : Ap: @
—0.008 T T ]

—0.008
—0.004
—0.002
.000
0.002

0.004

2.008

10

Star 2 — Rbor

Q — Rbar for each night. enigmaZ O 0 0 0 0 0 O Errscale: 1.00 ; Ap: 9
—0.2

Nightly average
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Conclusions

0 Preliminary results hint at stability of L3 and good
prospects for use in high precision photometry

[ Potential to generate enormous quantities of
data very quickly

ONoiseless readout means data generation rates are
aperture

[ Caution — data reduction from observing run has only
begun!

Robotic Telescope at Boyden

[0 Privately funded 16”-18” telescope

0 Paramount mount

0 Operational early 2004

0 Associated 1.5m telescope
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SEVEEYS

Satellite 1 Satellite 2




T6CHAPTER 2. SESSIONI: TOWARDS AUTOMATED, FAST AN ACCURATE PHOTOMETRY (N.SMITH)

2.3 L.Hanlon: Small robotic observatories

Small Robotic Observatories

Lorraine Hanlon
University College Dublin

Current Status

e 90 robotic
observatories
worldwide
— Most operational
— Some still in planning

phase

e Comprehensive listing

of sites:
http://www.gcn.gsfc.nasa.
gov
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Why?

e Hardware relatively cheap - driven
mainly by the amateur market

e Fully integrated instrumentation
available off the shelf

e Communications technology relatively
mature now

e Impressive range of science which can
be done for modest capital outlay

Robotic telescopes excel at:

e Monitoring sources e.g.
— AGN
— Extrasolar planet host stars
— Variable stars

e Rapid response e.g.
— Targets of Opportunity e.g. blazar flares
— Gamma-ray Bursts
— Supernovae & Novae

e Supporting satellite observations
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The Watcher Project

e

Collaboration between
UCD, CIT and the

8 University of the Free
& State (UVS),
Bloemfontein, South
Africa at Boyden
Observatory.

eTypical seeing ~1-1.5"

Scientific Goals

e GRB flashes & afterglows

— Southern hemisphere at African longitudes
not currently covered

— Launch of NASA’s SWIFT in December 2003

* 300 GRBs/year localised to better than few
arcminutes

e Extrasolar planet discovery using transit
method

e Blazar monitoring
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System Design
Drivers:

e Components must be cheap, high quality and
available off-the-shelf.

e System field of view should be well-matched
to expected SWIFT GRB localisation capability
(arcseconds to arcminutes) & to requirements
for differential photometry.

e Any part of the accessible sky should be
reachable within ~30 seconds.

System Description

e 40cm f/14 classical Cassegrain design
from Optical Guidance Systems

e Fast slewing (20 s) equatorial mount
from Wide-Sky Optics
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System Description
e AP6 1Kx1K CCD from
Apogee Instruments

— thermoelectrically cooled
(NB for autonomous
observing)

— 1.3MHz readout rate
— 24 um pixels & f-ratio of 14
—> system FOV of ~ 12'x12’

e Filter wheel & weather
station not yet selected.

Telescope Operation

Telescope -

Camera
/' e
-
b

§ g n u—' gk

Roof
Enclosure

‘Weather
Station

Mg

GCN Burst Alerts / Contrcil System Data Acquisition
v
e | : P
Dbservable Observing v
L TBurst Alerts Schedules g
; . J /
7 S T |
Iu‘ !
Boyden 60" \ University | offLine |
Télescope College 4“;‘- Analysis ,’J
Dublin <
—‘— o \,« S
ooy o) Repe
I ] ARCHIVE N o
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Watcher Capabilities

0.100 .
10 sec |nt.

60 sec int.
300 sec int.

0.010

Signal to Noise Ratio
Standard Deviation

10 12 14 16 18
V-band magnitude

Watcher Science

BATSE Trigger 2856
UUUUU

UUUUU

UUUUUU
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e Optical flashes during GRB events

— Reverse shock

— GRB990123 flash reached V4 of 9,
decayed to V4 of 14 after ~ 20sec

— How rare/common are they?

e Early afterglows

1455 GRB 021211
L. N KAIT observations
| ®  F, o (-1-6020.02
o . \‘
S 16  T~.
= B
L= I ~
o
o
€
g 18 early—time break “Je
2 r at't ~ 12 min s, Fymi-0siain
= AT I
c \\ S
=1 L ~ ~
20 T
-
i \\ h\\.
~
1
LY
- \\
22 a I B | : FE VA s i
1 10 100

minutes ofter HETE trigger (UT 2002-Dec—11 11:18:34)
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Extrasolar Planet Searches

e First ESP has been discovered using the
transit method

e We plan to monitor lightcurves of
~ 10,000 stars to detect transit
sighatures

e Probably won't be sensitive to earth
mass planets

Blazar Monitoring

e Routine monitoring of BL Lacs

e Coordinated observations with satellite
and/or ground-based campaigns

e Anything you would like us to look at
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Project Schedule

e CCD already acquired & being tested

e Telescope & mount to be delivered to
UCD in summer 2003

o Fully tested and integrated system to
be shipped to Boyden end 2003

e Watcher-1 commissioned and
operational by Spring 2004

85



86CHAPTER 2. SESSIONI: TOWARDS AUTOMATED, FAST AN ACCURATE PHOTOMETRY (N.SMITH)

Status of the KVA telescope on La Palma

2.4 L. Takalo

Status of the KVA telescope

KVA is located on La Palma, close to the MAGIC site.
It is a 60cm telescope, with a 35cm telescope attached
to the same frame. Both telescopes are equiped with a
CCD camera.

These telescopes can be used simultaneously!!!

The 60cm telescope is optimized now for polarimetric
observations in B, R or white light. The limiting magni-
tude is around V=18 for polarimetric observations with
the accuracy of 1% , in 30 minutes!!!

The 35cm telescope is optimized for UBVRI photome-
try!!!

These telescopes were used (both in photometric mode)
in December 2002 and late February- early March for
multifrequency campaign observations of MKN 421!!!!
CT1 and VERITAS were monitoring MKN 421 at TeV
energies and RXTE in X-rays during these times.
During the last campaign we obtained 1700 CCD frames
of MKN 421 during 8 nights!! The observers were
Mikko Pasanen and Martin Merck. Data reduction and
analysis is in progress.

‘We are also in the process of making the telescope auto-
matic, with the help of the Perugia Observatory. There
has been quite good progress in this. We can already
use the telescope from Tuorla vai Internet.
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2.5. J.HEIDT: COMPLEMENTARY IDV OBSERVATIONS FROM THE T1T

Complementary IDV observations from the

2.5 J.Heidt:

T1T

Complementary IDV observations from the T1T

Jochen Heidt, Landessternwarte Heidelberg

in collab. with J. Ohlert, Institute of Technology Gie3en

e T1T: Trebur 1Im telescope (nowadays 1.2m
telescope) located about 80km north of Heidel-
berg and some 30km southwest of Frankfurt

e Private foundation (M. Adrian), "first light” in
1996

e Statutes: support of scientific astronomical ob-
servations

— perform complementray IDV observations
within ENIGMA activities
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CCDh
e 1300 x 1340 pix backside-illuminated EEV-CCD
from Princeton instruments

e 20u-pix, thermoelectrically cooled (—40°C), low
dark current and RON, good cosmetics and high QE

Configuration

Direct imaging: /9.3 = 0.44”/pix = 9.9’ x 9.6’
Focal reducer: /5.1 = 0.817/pix = 18.1" x 17.5’

e Standard UBVRI Johnson-filter (ordered, promi-
sed within the next weeks)

e Telescope operated in tracking mode (no guiding).
Tracking is very stable at least up to 10mins

ToBeDone - in the next few months

Measuring the sky brightness (light pollution may
be a problem), check flatfielding etc..

= Need to know the mag range we may cover
and the accuracy we can get within the mag ran-
ge + duty cycle possible

Training of people on site (amateurs) of how to
observe and to reduce data

”Simulate” observing campaign by observations
of a few sources during several subsequent nights

e Aim is to be ready for complementary IDV
observations by late summer/early fall

What can the T1T do for ENIGMA?

* Dedicated observations during short periods
(few days), e.g. during Integral pointings

* Dedicated observations lasting 2-3 weeks for
multi-lambda campaigns

* IDV observations of specific targets (weeks to
months) with high duty cycle

* Long-term monitoring of selected sources
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Session II: Sepataring intrinsic
and extrinsic Intraday Variability

(C. Raiteri)

SEPARATING INTRINSIC AND EXTRINSIC
INTRADAY VARIABILITY

Models for blazar emission variability:

Energetic
INTRINSIC —
T Geometric

__— Microlensing - all v
EXTRINSIC
Interstellar
- T - radio only

scattering

89
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IDV is observed at all v

Brightness temperature argument: T ~(A/t,.)?

[resony = [ mew o [e=> [o ] =
Ba

STRATEGY: simultaneous MW observations

T 9 G e

If radio IDV has a higher-energy counterpart, ISS is not the main
variability mechanism

If flux changes are correlated with no time delay, they might be due
to microlensing, BUT...

...an intervening galaxy is required!

A0 0235+16

WEBT radio-optical
campaign

AQ 0235+186
TR T T T T T T

XMM observations -
(optical+UV+X-rays) N WJ " M

Effelsberg monitoring

log (vF,) [erg/c

TNG optical spectra
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3.1 L.Fuhrmann: Investigations of IDV blazar cores

Investigations of IDV Blazar Cores
(and the Connected Interstellar Medium)

Lars Fuhrmann

T.P. Krichbaum, A. Witzel, G. Cimo, A. Kraus ,T. Beckert, Qian, S.J,
J. A. Zensus
Max-Planck-Institut fiir Radioastronomie, Bonn
and
B. Rickett

University of California, San Diego, California

ENIGMA meeting 2003

Max-Planck-Institut
far
Radioastronomie
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Ihtroduction

Extremely quenched Scattering and Annual Modulation in the
IDV Source 0917+624
+  Effelsberg Monitoring
+  new VLBI Observations: first results

Bearch for the Scattering Screen in Front of IDVs
+  Spectral Line Observations
+  CO-Clouds connected with IDV ?
+  Radio Loops and IDV

Dutline

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003

Introduction:

Compa

Bhort ommon in

v(RA)= 3.
v(dec)= 25.

leometries

100
T

intillation

timescale (mins)

MJD day — 51179

[detection of “extreme* IDVs: PKS 0405-385, PKS 1256-220,
J1819+3845 [annual modulation

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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Annual Modulation in 0917+624 ?

Variability Time Scale
09174624

0917+624, a new candidate ?

F [— 0o

=== (-10,10)
C (10,0)
Seasonal changes in the variability Py
time scale suggested also for o
0917+624

(Rickett et al. 2001, Jauncey and
Macquart, 2001)

T R -
 REREREEE R

ISS time scale [days]

T

s L L ' 1 L L ' L L L L L | L L L
0 100 200 300
Day of Year

8howed dramatic change in the
IDV behaviour in September 1998 (Kraus et al. 99)
with only 5 day-monotonic increase

Bew IDV monitoring necessary

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003

Effelsberg Flux-Density-Monitoring

Gonfirmation: ISS as sole explanation for IDV

[ important parameters of the medium and source structure

New Observations:

.5 years monitoring with the Effelsberg telescope at 6¢cm

OBross-scans

ense time sampling (~2 measurements every 1.5h)

8qual duty cycle for secondary calibrators 0836+710 and 0951+699
Primary calibrators every 2-3hrs (3C286, 3C48, 3C295, NGC7027)
@9 sessions during September 2000 and April 2003

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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L. Fuhrmann ENIGMA 2003

Results and Interpretation

Hnnual modulations ? — problems:
+  no restart of the rapid variability in 0917+624
+  m appears to be variable
+  other nearby sources don’t show seasonal ISS effects

Possible scenarios:

1) ISM much more complex
+ change in scattering size

Odecrease of electron densities or increase of distance to the

screen

[Imoving clouds, layers or holes?

=> angular size smaller than a few degrees

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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Results and Interpretation

Component Motion in 0917+62 (15 GHz)

ecz
mc3
*c4

—-— scattering size

relative separation [mas]

2 2
N w

o

0.0
1995 1996 1997 1998 1999 2000 2001

time fyrs in 1998

[present quiescence once more caused by “blending effects* of
the core with a new, still self-absorbed component ?

new VLBI- observations are necessary!!!

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003

VLBI Observations of 0917+624

4 new epochs between 2001 and 2003 at 15GHz:

fiirst maps

Relative Decl. (miliarcsec)
Relative Decl. (miliarcsec)

Relotive RA. (milliorcsec) Relative RA. (miliorcsec) Relotive RA. (milliorcsec)

Annual modulation effected strongly by structural variations

Gompact, stable sources are “better candidates*

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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Search for the Scattering Screen

IRAS 100 pm — dust emission

0954+658 09h5Am

10h

_——1 +85d46m

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003

Search for the Scattering Screen

0954+658 and 09174624 near a High Latitude Cloud-Complex:

T

Ursa Major Clouds
—— -~

3
©
3 +
£ L 40 -
5 30
=2 [
= L
B o
£ .
53 . "
25 . i :
. |°% j 0o —
L °
i N = @' =
| | Comelopardolis Clouds g
20 b gl a5 L
160 150 140
Galactic
1

150
Galactic Longitude

Heithausen et al. 1993

ENIGMA 2003

Investigations of IDV Blazar Cores L. Fuhrmann
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CO - Observatio

May 2002 first spectral line observatio
O-clouds near 0954+658 and 0917+6

[LCO (2-1) observations @ 230
[First detection of a CO-cloud

Position-switch method

Baster map of 7'x 7'

ILSR velocity of the line:
-1.54 km/s

Investigations of IDV Blazar Co

Hetected cloud <> Ursa Major

Bearch for ionized material: HCQ
BUT: 0954+658 located behind f

lionized shell or envelop
[Ingalls et al. : CII aroun

[additional spectral line

[Hone with HHT ar

CO2-1 in front of 0954+658

Offget Dec, []

Glllﬁrnp

Sysiemid Velocity

further hint for the connection of

8xpanding clump or blob in front of 0954+658?

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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CO-Clouds as Origin of Scattering Material for IDVs?

Follow-up Observations with Pico Veleta:

Search for 2CO (1-0) in small sample of IDV-positions
3 new detections (0153+744, 04544844, 0602+67)

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003

Large Scale ISM-Structures and IDV

Radio Loop Structures and IDVs

X~ IDVs Type I +11

Loop Y, V+VI

Too0p 11

N

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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Hnnual modulation in IDV:
+  strongly quenched scintillations in 09174624 since 2.5 years:

intrinsic structural variations as explanation possible

Bew observational approach:

search for the scattering screen in front of IDV's

first detection of a HLC towards an IDV source

HLCs as origin of IDV? - new spectral line observations
necessary

possible correlation of IDV positions with discrete, large-

scale structures

Investigations of IDV Blazar Cores L.Fuhrmann ENIGMA 2003
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: Statistical Study of Intraday Variable Sources

\

11mo

3.2 G.C

Statistical Study of Intraday
Variable Sources

Giuseppe Cimo
L. Fuhrmann
T. P. Krichbaum
T. Beckert
A. Kraus
A. Witzel
J. A. Zensus

The IDV Phenomenon

IDV in total (~ 20 —30%) and polarized
(~ factor 3 or more) flux density

quasi-periodicity

(anti-) correlation between variations in
total and polarized flux density

present in ~ 30 % of all flat spectrum ra-
dio sources (Quirrenbach et al. 1992)

broad-band correlations (Wagner et al.
1993)

If the variations are source-intrinsic:
e very small source sizes (< cAt)
e extremely high Tp = 1018 — 1021 K

e violation of the inverse Compton limit (1012 K)
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3.2. G.CIMO: STATISTICAL STUDY OF INTRADAY VARIABLE SOURCES

Source-Intrinsic Scenarios:

Shock-in-jet models
bs _ Arintrinsi 3—
NJM S — MJ% rinsic | D @

The relativistic effects as the superluminal
motions observed in the VLBI cores (vapp ~
40¢, Marscher et al. 2000), can explain on-
ly moderate values of D, but much higher
values (D = 100 — 1000) would be needed
to bring the brightness temperature down to
102K,

Special geometry effects can be taken into
account (Qian et al. 1991). The apparent
brightness temperature can be reduced using
only moderate Doppler and Lorentz factors:
T, « M2D3 and the required factors are sim-
ilar (even slightly greater) to those involved
from superluminal motions.

Refractive InterStellar Scintillation:

The turbulence in the interstellar medium causes a
change in the phase of the incoming radio waves: the
paths of the waves are distorted producing spatial vari-
ations in the received flux density. The phenomenon
of scintillation then occurs since the turbulent medi-
um is in motion with respect to the observer.

From a distant
source

; DO
90000
90169 o'

Observer plane

Two spatial scales define the scintillation:

TR = E Fresnel scale

rg = l!W] diffractive scale
27 %mng&
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In case of refractive interstellar scintillation,

A
Oscatt = P

2nd
defines the scattering strength:

strong scattering: fspurce S Bscart.  Strong effects
become less prominent if the source size is com-
parable to the scattering size.

weak scattering: Osource & 0scart. We are in the regime
of quenched scattering. The variations involved
become smaller and they disappear for Osource >
%Em@w = ﬂ.mﬂ\Q.

IDV source sizes are smaller than scattering size in

our galaxy and scintillation effects must be present.

Scintillation depends on wavelength (see Narayan
1992, Rickett et al. 1995).

m o A2

where m is the modulation index of the vari-
ability.

The relative velocity between the orbital motion of
the Earth and the scattering screen is modulated by
the composition of the Earth’s velocity vector and the
velocity vector of the screen: it results in a seasonal

change of the time scale, so-called, annual modula-
tion

¥ = G + i + 7

The transverse velocity consists of three components:
the Earth’s orbital motion @y, the motion of the sun
towards the solar Apex m@ and the motion of the scat-
tering screen ¥ with respect to the Local Standard of
Rest.

o
3

=N
>

a
>

Projected velocity (km s™')

N
S

Day of year

(Qian et al. 2001)
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Summary about the IDV phenomenon

» Very small source structures involved -*uas

« Still controversial, after more than 15 years
- Sole EXTRINSIC
- Mixture of both INTRINSIC & EXTRINSIC

- TRINSIC: IDV related to the ISM characteristics
NO High Frequency IDV (scintillation vanishes)
Annual modulation

e\ X TURE: IDV related to the ISM &
source-intrinsic characteristics

Statistical analysis of a complete sample
of flat-spectrum radio sources
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Observations

Data consist in a complete sample of high declination (§ > 50°)
flat-spectrum (a < 0.5, we use: S « v~%) radio sources extracted
from the 1 Jy catalog (Kiihr et al 1981).

e This catalogue consists of 518 objects and, at 5 GHz, is
complete with a flux density limit of 1 Jy.

o high declination (§ > 50) sources: 60

e flat-spectrum radio source (a < 0.5): 32

The sample contains 18 quasars (QSO), 9 BL Lacs (BL), 3
galaxies (GAL) and 2 empty fields (EF). In galactic coordi-
nates, these sources are distributed in the region defined by
10° < b< 60°.

[ Date [ Frequencies [GHZ]

05/1985 2.70°

08/1985 2.70*

12/1985 2.70"

12/1989 4.75 10.55
07/1990 2.70 4.75

05/1991 2.70 4.75

12/1991 2.70* 4.75* 10.55*
04/1993 4.75

06/1993 4.75

09/1995 2.70  4.85

12/1997a 4.85 10.45
12/1997b 2.70 4.85 10.45
09/1998 4.85 10.45 32*
02/1999 4.85

03/2000 2.70  4.85 10.45
05/1989 1.49 4.86 8.44 15.0
01/1990 1.49* 4.86* 8.44* 15.0*
10/1992 1.49* 4.86* 8.44*

(Heeschen et al. 1987, Kraus et al. 2003, Quirrenbach et al.
2000)

Mathematical tools

Modulation index: m[%] = 100 - Nwwvl

Variability Amplitude: Y[%] = 3/m? — m2

2
Chi-square test: x> =3, Allm.mmva

Autocorrelation function: p(r) =< (S(t)-S(t—7)) >¢
Structure Functions: SF(r) =< (S@)—S(t+7))2 >,

The structure function provides typical time scales and
periodicity of the variations in a light curve.

At 7 — 0, the structure function yields to the noise
level of the measurements. For large values of 7, the
structure function is proportional to the variance of
the variations, i.e. to the square of the modulation
index: SF(r>>) = 20% < m?.
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The different types of intraday variability are defined
according to the shape of the structure function. Fol-
lowing Heeschen et al. 1987, we define three IDV
classes: Type II = fast variable, Type I = long-term
variable and Type 0 non-variable sources.

0716471 0716+71

gy, | ET i i e
.‘: : 0.0002
L } T +

1074 | E _
A
| f __
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| _
LW

4 .

Structure function
Autocorreiovon Tunction

2 o 2
Timelag (days]
1803+78 1803+78

0.0100
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0.0001

1 % 4 -z o
Timalog [doys) Timelog [¢oys)
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Loy i
| |y | z_f,m_f%

0.0001 |-

!
Timalog [doys}

Some results...
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Galactic latitude dependence of IDV
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No evidence for correlations is found either in the total
intensity or in the polarization variability.

4
the scattering is not caused by the global matter distri-

bution in the ISM, but could be due to clouds localized
and homogeneously distributed in our surrounding.

Redshift dependence of IDV
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No evidence for z-dependence found either in the to-
tal intensity or in the polarization variability (= local
scattering screen).

Furthermore, the same variable sources show different
IDV behaviors at different epochs = Intrinsic struc-
tural changes could play an important role in IDV.
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Spectral index dependence of IDV

Spectral Index - Y
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Highest variability in total intensity and polarization is
associated with very flat-spectrum radio core (o from
~ —0.5 up to ~ 0).

Here, indication that even very inverted-spectrum sources
show less variability.

The emission of a new component produces an in-
crease in the spectral index: the spectrum becomes
flatter or, in case of flat self-absorbed components,
more inverted.

Analysis of the time scales

0716+714

Seasonal Changes

20 T T T T T T T T T T

10— -

Time scale [days]

NI |

i I3 i = ]
0 w | _m u_ﬂ W l | | w m

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

It is possible to test whether the observed rapid vari-
ability could be caused by an annual modulation, which
is due to the orbital motion of the Earth.

The slow-down of the variability around October could
be an indication of a seasonal modulation of the IDV.
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Summary of Multi-frequency IDV

* Different IDV behaviors at different epochs
* Larger variability towards higher frequencies
» Different mechanisms for the short-term variability in radio and optical bands

* Quenched scintillation qualitatively reproduces the observed IDV
characteristics

» Multi-Frequency observations of Intraday variable sources can provide
information about:

- the apparent source sizes
- the clouds in the ISM

IDV can be used as a tool to study the structures either in the
source or in the interstellar medium.

High frequency IDV — the sole RISS is not sufficient: intrinsic?



109

3.3. V.IMPELLIZZERI: SHORT-TIME POLARISATION VARIABILITY IN 0716+714

Short-time polarisation variability in

3.3 V.Impellizzeri:

0716+714

Short-Time Polarisation
Variability in 07164714

Violette Impellizzeri
L. Fuhrmann
T. P. Krichbaum
G. Cimo
U. Bach
A. Witzel
J.A. Zensus

Max-Planck-Institut
far
Radioastronomie
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The Sample

Criteria for selection:

e averaged flux density Ssqgp. > 1Jy.

e flat or inverted spectrum with a < 0.5.

e declination § > 60°.
e [DV type IIL.

Name ID 7
07164714 | BL Lac|> 0.3
09544658 | BL Lac| 0.9
09174624 | QSO | 1.446
0346+800| QSO -
0615+820| QSO | 0.03

Aim of the experiment

e IDV is a frequent phenomenon of compact radio
sources.

e total flux density and polarised flux density can
be correlated or anti-correlated.

e Polarisation angle x swing.

= Origin of these variations?

Search for:
1. Total and Polarised Intensity correlations.

2. Rapid polarisation angle changes in stationary
and moving components.

3. IDV related structural variations on timescales
of days to weeks.

4. Correlations with single dish telescope observa-
tions
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Observations

e VLBA Obervations at 5 GHz with
e Simultaneous Flux Density Monitoring at
Effelsberg.

Four Epochs:
e first two epochs separated by 24 hours.

e last two epochs, two weeks later, also 24 hours
apart.

The observing epochs were 2000.921 and 2000.924(De-
cember 3 and 4) and again 2000.959 and 2000.962
(December 17 and 18) with a global of 10 VLBA
antennas. Each observation lasted 8 hours.

Single Dish measurements were conducted simulta-
neously to the VLBA observations.

Each epoch calibrated and imaged separately using
tAhe gLBI Caltech Software Package DIFMAP and
IPS.

UV-Coverage

07164714 at 4,995 CHz in | 2000 Dec 03

100

v (108 )
0

~100

100 ) ~100

U (10°%)
0716+714 at 4.995 CHz in | 2000 Dec 17

v (10t
o 100

~100

100 o “i00
U (10°N)

Figure 1: UV-coverage at four epochs. The top panels show the
first two epochs 24 hours apart. The bottom panels show the
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—100

100

—100

07164714 at 4.995 GHz in | 2000 Dec 04

100 0 ~100
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07164714 nt 4.995 GHz in | 2000 Dec 18
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coverage two weeks later, also 24 hours apart
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Relative Declination (mas)

Relative Declination (mas)

Figure 2. Total Intensity Flux Density maps. Four epochs are
shown, the top ones 24 hours apart, the bottoms ones were
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observed two weeks later and are again 24 hours apart
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Core/Jet Emission Comparison
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Total intensity and polarisation variations over the four epochs,
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Effelsberg Observations
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Left Panel show the first two epochs. Right panel the last two
epochs, observed two weeks later.

Summary of Results

e Increase in Total Flux Density observed both at Effelsberg
and with VLBA. On VLBA scale increase is found to be
in the core of the source.

e Variations in Polarised Flux Density observed within the
four epochs, also relatively to the core of the source.

e A change in Polarisation Angle x also observed between
second and third epoch.

e No variations have been observed in structure of source
within the four epochs.
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3.4 U.Bach: Kinematical study of 07164714

Kinematical study of 0716+714

Uwe Bach

Declination nas)

u) -5

5
Right Ascension (mas}

in collaboration with:
T.P. Krichbaum, S. Britzen, E. Ros, A. Witzel and J.A. Zensus
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Facts about 0716+714

* S5 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 300 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

Our analysis is based on 26 epochs:

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

* 1 VSOP observation at 5 GHz (2000)

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

* 2 own observation at 8.4 GHz (1994 & 1995)

* 5 epochs at 15 GHz from the 2 cm-Survey from 1994 to 2001 (Kellermann et
al. 1998).

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

* 4 epochs at 22 GHz from own observations from 1992 to 1996.
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Maps at 5, 8.4 and 15 GHz
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The Model

o3

r [mas]|
(]

S

epoch

Component Summary

Comp # u [mas/yr] /ngp Ejection date
C3 10 0.270 £0.012 4.98 +£0.22 1995.12 4+0.11
C4 11 0.321 40.008 5.93 £+0.16 1994.42 40.08
Co 17 0.362 £0.010 6.69 £0.18 1993.20 +0.13
C6 9 0.426 £0.016 7.87 £0.30 1992.37 +0.20

C7 7 0.430 40.015 7.94 4+0.28 1990.72 4+0.25
C8 7 0.441 £0.010 8.14 £+0.19 1989.76 +0.19
C9% 8 0.600 £0.037 11.08 +0.68 1989.56 +0.49
C10% 5 0.651 +0.126 12.03 +2.33 1988.76 +1.68

C11% 4 0.857 £+0.124 15.82 +2.29 1986.71 +1.59

* Components are not well defined by the linear fits, due to
the lack of data for these components.

®2>03, Hy=65kms~! Mpc~! and gy = 0.3.

C3
C4
C5
C6
C7
C3
9

4 ¢ CI10
— lin. fit
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Summary

* Reanalysed 26 epochs of VLBI data at 5, 8.4, 15, 22 GHz
* QObtained:
* a satisfactory model for the motion of the components, where the
components move with an average speed of ~7 ¢
* a lower limit for the Lorentz Factor of ~8
* a maximum angle to the line of sight of ~14°
* But more probable are y> 11 and 6 < 3°, which correspond to a
Doppler Factor > 16
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3.5 T.Beckert: Quenched Scintillation of IDV Quasars

Quenched Scintillation of
Intraday Variable (IDV) Quasars

Thomas Beckert, MPIfR, Bonn

 The Scintillation Hypothese for IDV

* Power Spectrum, Structure Functions
& Quenched Scintillation

* What we can learn about the source and the ISM

* Results & Conclusions
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Relative Decl, (milliarcaec)

Introduction

Variability of compact (flat- spectrum, core-dominated)
Quasars & BL Lacs at GHz- frequencies ( < 15 GHz)

Typical time- scales: 0.6 - 3 days

2
Modulation index: m = 1- 10% m— <SZ;(S>>
<5 >
Brightness temperatures 10'6-2'K P
(Source size from light travel time) 7o =53

Superluminal motion is common (v<10¢c 0 <20)

Introduction (cont.)

Relotfve R.e. {millarcanc)

® (0954+65 shows short and long extreme scattering
events (G. Cimo 2002)

* Annual modulation (possibly in 0917+62)

e Extreme IDV sources: J1819 +38 (Westerbork)
and PKS 0405- 38 (Australia)
with time- scales < 1h and m > 20%

® On longer time- scales > 7 days _, Flickering

123
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01T HE24 15.265 GHr 2000.18
2 !

Relative Decl, (milliarcaec)

What is Interstellar Scintillation ?

Earth viewed from J1819+3845

12 Jan C‘

= s E _‘- g- = L:r_.

velocity 30 km s-'-ziaEaae

Dennett-Thorpe & De Bruyn, 2002, Nature 415, 57

0P1T+E24  15.365 GHz 2000.18
z T

Relative Decl, (milliarcaec)

Interstellar Scintillation (Geometry)

Relotfve R.e. {millarcanc)

O OO
- ¢ SO0

refractive

with phase—difference
diffractive

®—
v
Observer
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01T HE24 15.265 GHr 2000.18
2 !

Relative Decl, (milliarcaec)

Interstellar Scintillation (Theory)

Relotfve R.e. {millarcanc)

What we observe: Intensity  I(t) = (E(s)E*(s))

What we derive: Two-point intensity correlation
C(s,80) = (E(s)E"(s)E(s0) E™(s0))
which is a special case of the 4th-moment of the wave-field
Z(a,b,c,d) = (E(a)E"(b)E(c) E*(d))

C(s—sy) «— Z(a,a,c,c)+ Z(a,b,b,a)
refractive and <«—— with (a=b,c=d, a —c=s— )
diffractive part «————  or (a=d,b=¢c, a —b=15— s9)

0P1T+E24  15.365 GHz 2000.18
z T

- G

Relative Decl, (milliarcaec)

Interstellar Scintillation (Theory 2)

Relotfve R.e. {millarcanc)

Autocorrelation of intensity variations
(e.g. Rumsey 1975, Coles et al. 1987) :

p(&) = [ &7 expliq- ] W(q) - [V (q)I?
W(q) = [ d*3 exp[—ig- §C(3— &)

Density fluctuations (in the ISM) are described by power spectrum

®(z,q) = Cy(z)g””

Wave number q; amplitude C*along line of sight coordinate z

Kolmogorov spectrum: =11/3
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Relative Decl, (milliarcaec)

01T HE24 15.265 GHr 2000.18
2 !

Comparison with Observations:
Structure Functions of IDV

@
: I‘h\que R {millorcasc)
Definition: ~ SF(r) = ([I(t) — I(t + T)]2>f
Relation to Autocorrelation i '
| A 6cm 5
SF(T) =2 [,O(U) - p(:li‘ - UTN 0010 2m® P T+
s f P
Characteristics: 5 B ﬁr
Correlation time-scale Loy % t
S 0001 —
Plateau for t >t at level 2m? : . ]
oW
Slope <2 for t>t
o1 w0

Timelag [days]

From SF-fitting : slope ~ 1.2 !!!

Structure Functions of IDV

. 0716+714
A6em 1 . Other examples:
"-0“’"7 ! g, + 0.0100
/f £ =
g | ' 2
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& 5 E
g 8 F
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| i ‘ : - 4+— [ 0917+624 o1 o ‘oo
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0.0001 H El
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0.0100 ;” 20cm 1 0.010 —
g 00010 A 3 g
£ E 1 -
E [ j & o001
& £
0.0001 - M tov
0.1 10 10.0
01 1.0 Timelag [days]

Timelag [days]



3.5. T.BECKERT: QUENCHED SCINTILLATION OF IDV QUASARS

Seuucafuncion
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Scintillation Power Spectrum

[N wa
Timasmldasl

127

10 :'_ _E
0.
The Fresnel scale separates 107]5 E
refractive and diffractive effects
and gives the position of the T 102l 1
break of W(g) in weak scattering =
l0_33: 3
D ; -
lF - D 8}? == % ]074_:_ _:
A v D 17V2 g5, ]

Or = oD 1lpas [5GHZ ’ 100pc]

Seuucafuncion

The transition weak to strong scattering for steep spectra (B > 4)
has not been explored before (strong case: Goodman & Narayan 1985)

e et
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Scintillation Power Spectrum (II)

[N
Timasmldasl

Moderately strong scattering:
Fourier-Transform W(q) for a point source
Distinction between refractive and diffractive scale

10t .

e Refractive approximation
10V,

= . .2 Diffractive approximation
E 10

0.1 10 10.0 100.0

Diffractive short wavelength

limit
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Seuucafuncion

IR e 1
n’/ ~ | Scintillation Power & Visibility

Moderately strong scattering & Kolmogorov spectrum: 3 =11/3:

Fourier-Transform W(q) for a point source
& Visibility for an extended source: 8 = 3 0 (uniform disk)

-

10.000
Diffractive

short wavelength
limit

Refractive weak scattering

1.000

Visibility | V(g) P
0.100

W(q)

0.010

0.0010.
0.1 1.0

Seuucafuncion

Quenched Scintillation

Incoherent synchrotron sources are much larger than the Fresnel scale:

-1 11
9_0142111&8(1—1—2)[ v } [&‘10 K

1/2
5 |s5GHz! |Jy T,,]

1 Variations are quenched by the source size.
» The time- scale is streched.

3 —» Clouds in the local ISM (50 - 150 pc)
are potential sources for scattering
(e.g. the wall of the 'local bubble')

» Standard assumption: Slab model for the ISM
and Gaussian brightness distribution for the source

sy Problem: The slope of the SF comes out wrong.
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Seuucafuncion

Non gaussian source models

[N wa
Timasmldasl

Source with constant brightness distribution

=> reasonable mod. Index m and SF- slope

0) =m* =2 (555) X(DO M -Ris) @)

_ o732 Gul(f)
P =20 (55) 75 ©®
F, function of order unity; SM scattering measure
1,
Relation between size and time- scale: o= %% {10)
Estimate for the distance to the slab: (v =20 km/s; t_ =1day)
v —1/2
D = 137p0 [lUllK 10] [lJy] )
bcm N . 44
Unquenched Scintillation

[N
Timasmldasl

The structure function is steeper from scintillation by a ISM slab
for a point source compared with quenched scintillation.

p(0) =m® = 2(TY (DAPPI8M - Fy(9)
SF(T) =2 (r Y (v 2 SM - Ga(8)
VDX

tov = H3(3)

» The SF slope is B —2 for time lags shorter than the correlation timescale

for point sources : q 1. > 1 (weak scattering)

» Even for quenched scintillation (when T <t ) SF gets steeper

IDV,Point
_> .
3 Break in the observed SF expected, but not seen

» This would determine the intrinsic size

129
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Beyond Quenched Scintillation ?

Cimo et al. 2002, EVN-Symposium

0716+714
I L I

30.0

Bl 89-05
¢ & 90-02 m
A--A91-12
<-4 92-10

98-09
#- 3% 00-03 -

Refractive cut-off

| L
10.0 20.0 30.0 40.0
Frequency [GHz]

Weak, quenched scintillation

O.%_

Intrinsic up-turn

0P1T+E24  15.365 GHz 2000.18
z T

Relative Decl, (milliarcaec)

Results & Conclusions

Relotfve R.e. {millarcanc)

n IDV can be understood as quenched scintillation

» The source size should dominate over
refractive/diffractive effects

» A single screen model might not be sufficient

» The screen in the ISM is either very close
(D ~10 pc; source is large » 6, > 1.2 mas ; B~4.2)
requires a huge scattering measure !!!

s Or far away (D > 700 pc; B ~ 3.2; source is smaller than
Fresnel scale > 0, <42uas ->T, ~710°K/J)
Does not solve the IDV problem !!!
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3.6 C. Raiteri: The WEBT campaign on BL Lacertae

THE WEBT CAMPAIGNS ON BL
LACERTAE

June 5-7, 1999 (BeppoSAX ToO) June 28-30, 1999 (ASCA)

BL Lac 2000: May 2000 - January 2001
(BeppoSAX, RXTE, CAT, HEGRA)

BL Lac 2001: May 2001 - February 2002
(optical outburst)

Total number of WEBT BL Lac observations: more than 23000
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BL LACERTAE 2000 Villata et al. (2002, A&A 390, 407)

15625 observations from
22 observatories
24 telescopes
25 detectors

Careful data assembling
needed

750 800 850
Julian Date — 2451000

Achromatic mechanism causing the long-term flux base-level
modulation, likely due to a change of 5 of geometric origin
+
Fast variations implying spectral changes

BL LACERTAE 2000: the core campaign

BL Lacertac (July 16 — August 12, 2000}
13,5: |$ fk ?J‘N
1a0 " m . | Lt @ ki
ST i&\. fv *
t i i
#

18 20 22

| M’ The observational task
*l,' i \ moves from East to West,
¥ W o but: Pacific gap

M_V\‘i%sf' n‘ﬁ ¢ 'ﬂu! Mf”‘ﬁ
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BL LACERTAE 2000: Intranight variations

38.10

0.5 mag brightness
fall in ~7h,
followed by ~ 0.4 mag
brightening in 1.7 h

L L
59.80 40.10

39.90 40,00
Julian Date — R451725,5 = Day of July 2000

WEBT-ASCA campaign of June 28-30, 1999

ASCA (Tanihata
PhD thesis)

Eogue (TNG)

Rogque (KVA €0 cm)
Torino (EEV)
Ferugia

o Abastumani

\‘HIH\IH‘\HHHHlH\IHH\‘HI\HIH‘\HL

Julian Date — 2445000
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BL LACERTAE 2001: the optical light curve

I I | |
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DCF (8.0-B.0 GHz) DCF {14.5-14.5 GHz) DCF (R-R)

DCF {4.8-4.8 GHz)
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BL LACERTAE 2001: search for periodicities

—20

v [1/days]

The Discrete Fourier Transform on the R mag suggests
a 7.3 yr periodicity with significance better than 0.001

T Ars
-10 [Yg ! 10

20

E ""-.b ijun ah'dee.d-** 1
P E Y b AR T el s sanams o]
;‘\Mf ﬂpwwwﬂ'm‘ ¢ £ W“j’“%m%wﬂr ';

Auto-Correlation Functions
(ACF)

In the radio band, all ACFs
applied to light curves at
4.8,8.0,14.5, 22, and 37
GHz agree that there may
be a periodicity of ~7.5 yr
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BL LACERTAE 2001: radio-radio correlations

(22-14.5)=21 4

T(22-4.8)=75 d

T(14.5-8.0)+ T(8.0-4.8) ~ T(14.5-4.8)

28 d 37d 67 d

BL LACERTAE 2001: optical-radio correlations

| R- (14.5-4.8) GHz, JD>2450500
*[7 data bin: 5 d

[ DCF bin: 20 &

From 1997 on, a moderate correlation with delay of ~100 d is found
after cleaning the radio light curve from the “radio-only” features
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3.7 E. Valtaoja: Interstellar Scintillation and Radio IDV

Interstellar
Scintillation and Radio
IDV

Dave Jauncey, Hayley Bignall,
Jim Lovell, Lucyna Kedziora-
Chudczer, Tasso Tzioumis,
J-P Macquart
Barney Rickett
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There is now strong
evidence to supporting
Interstellar Scintillation as
the principal cause of IDV
at cm wavelengths. This
comes from two types of
observations:

Firstly, from the presence
of a time delay in the IDV
pattern arrival times at
widely spaced telescopes.
Here it is for
PKS 1257-326 between the
ATCA and the VLA.



Flux density (Jy)
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The presence of a time
delay has only been used
for the most rapid IDV
sources
PKS 0405-385,
PKS 1257-326 and
J1819+3845.

The second method to
establish ISS has been
through the discovery of an
annual cycle in the
characteristics of the IDV
over the course of a year.
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This has been found for a
number of sources, and

there is increasing evidence
that this behavior is
widespread. This is

beautifully illustrated by

PKS 1257-326

Flux density (Jy)

28,/2,/2001

Red = 8.6 6Hz

| Black = :.8 GHz 1
_ 4 ,,fv( i
\‘-.r

D2/ 8,/2001

W

0.20r T
015

21,/9,/2001
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2.0~ 52000 ' ' ' (a) ]
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© 0.5~ . . . ¢ % r

s S

0.0 . . .
a0 (c) -
£ 30 —
= onp —
£ _|

]
o 100 200 300

The presence of an
annual cycle implies the
source size is ~ the
angular size of the
first Fresnel zone. For
reasonable screen
distances that is
microarcseconds.
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In summary:
there is conclusive evidence
for Interstellar
Scintillation.

And Vincent Van Gogh
understood this very well
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ISS is caused by scattering
in the interstellar medium
of the Galaxy, and is
present for all sources. As
illustrated by Katsushika
Hokusai from the 53
Stages of the Tokaido:
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"You can run
but you can't hide"

what next?

Make use of this
Interstellar Telescope

to survey the northern
sky at 5 GHz.

Micro-Arcsecond Scintillation-
Induced Variability Survey

MASIV

Jim Lovell, Dave Jauncey,
Hayley Bignall, Lucyna
Kedziora-Chudczer,

J-P Macquart, Barney Rickett,

Tasso Tzioumis
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The Need for a MASsIVe
Survey

So far surveys have been:

- Small (~100 sources in total)

- Limited to bright sources

We need a statistically significant sample of scintillators
(~100)

2/3 extreme scintillators were discovered serendipitously
- How common are they?

What is the population of scintillators amongst S
weaker sources?

Correlations with z, b, VLBI T, a, X-ray, y-ray etc

Study AGN structure at pas resolution
Study the structure of the ISM
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Flux denstly (Jy)

Flux denslly (Jy)

E. VALTAOJA: INTERSTELLAR SCINTILLATION AND RADIO IDV

VLA Observations

"These are the Australians who are doing that
infamous experiment.” - Ken Sowinski, Jan 2002

First of four 72 hr epochs Jan 19-22 2002 during D — A
reconfiguration

Operating in 5 sub-arrays of 5 or 6 antennas each. Observations at 5
GHz, 60 sec on-source per scan. ~6 scans per source per day.

3€286 and 2355+498 used for primary flux density calibration.

B

) B0059+581 : o J0150+2646
i et 1] ¥
“f 1 S o2 f l
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. Pligggtd : e H””
BO754+100 I . J0949+5819
) Hﬂﬂ I
- ; i Foett o g
. o {H L ;o ty I
1.38 }ﬂ - ‘ » | o8| I i‘ : ‘ }I ‘
J1819+3845 J2237+4216
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Figure 2.1: Example light curves of the variable sources
detected in the first epoch of the MASIV Survey.
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Preliminary Conclusions
(from MASIV I)

« Of the 710 sources observed a total of 95 (13%)
are classified as variable.

* More, and more extreme (>4%) variables in the
weaker population.

* Sources like PKS 1257-326 & J1819+3845 are rare.
* Wide ranging implications for

— AGN physics: probing pc and sub-pc scales.

— Inter-Stellar Medium

— Cosmology: a standard “ruler” for 6 vs z?

— SKA

— Geodesy & phase-referencing

The MASIV IDV Survey
will yield 100 to 150 IDV
sources over the northern
sky. The investigation of
the properties of such a
sample will be important for
Enigma.
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* An example of the quality of flux
density monitoring that is being
done with the 30 m radio
telescope at Ceduna, run remotely
from the University of Tasmania.

* The source is PMN J1326-5256,
the observations were taken over
a week in April at 6.5 GHz.

* Strong IDV is clearly present.
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Source: J1326-5206 Day 83 in 2003
2 \ T

1.8

Amplitude (Jy)
>
T

I \ \ I \ I \ |
83 83.5 84 84.5 85 85.5 86 86.5 87 8§75 88
Scans =656 Mean = 0.11028 SD=8.11% PointCorr <3 AmpDev <300% FWHM =5.7648 Elev »20 Deg




Chapter 4

Session III: Variations of Source
Structure and Flux (A. Witzel)

4.1 M. Tornikoski: Long Term Radio Variability: Statistics
and Predictions

Long Term Radio Variability:
Statistics and Predictions

Merja Tornikoski
Anne Lahteenmaki

Mets&hovi Radio Observatory, Finland
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Variability

Individual flares in individual sources
Related to theoretical work:

Models & Parameters.

e e.g. Valtaoja 1999; Lahteenmé&ki & Valtaoja 1999;
Tarler et al. 2000

Observational statistics:
"What are we likely to see?” and "How often?”

Merja Tornikoski
Metsahovi Radio Observatory

Current activities

Mostly Planck satellite -related studies
* Quick Detection System: software, parameters.
e Foreground map/catalogue.

e Source activity "predictions” /
educated guesses.

Also: studies on some individual sources
+ source samples.

e CTA102, OA129, ...

* Inverted-spectrum sources + others.

Merja Tornikoski
Metsahovi Radio Observatory
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Data sets

Metsahovi + SEST
+ data from the literature.

Current focus on SEST database

e Data paper + Variability statistics
will be published in 2003.

* 90 + 230 GHz, Oct 1987— ~ present.
e 173 + 156 sources, 2887 + 1658 data points.

Merja Tornikoski
Metsahovi Radio Observatory

“Millimetre dilemma”
Very limited availability of telescope time.

Focus on well-known,
bright, variable sources.

Sources that are assumed to be faint
are usually ignored / excluded.

Conclusions often based on few-epoch
@ (or even one-epoch!) observations.

Merja Tornikoski
Metsahovi Radio Observatory
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... well-known sources

Not necessarily representative of their class.

1
o1 0J287 90 GHz

1
] f
4 ffa*t}”ﬁ_ *‘

R

L4

88 4

H%’é ' i Ty
2 5:*‘ g"- “-’bﬂ

Cluster analysis:
Many of the "famous” sources are outliers.

Merja Tornikoski
Metsahovi Radio Observatory

... faint” sources

Source selection for mm-studies often based on
(few-epoch) low-frequency catalog data.

Many interesting sources or even source
populations are excluded from mm-studies!

T T 10 T
PKS 1936-155 PMN J1703-6212

Flux density [Jy]

4.
-
Flux density 1]

10
01 ;
Fi GH
requency [GHz] | 10 0o

Frequency [GHz]

Merja Tornikoski
Metsahovi Radio Observatory
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... few epochs

At 90 GHz, a random observation is likely to see
an AGN in a quiescent or intermediate state!
(At 230 GHz,even more so!)

*7a9+006 ‘ 2223052 ¢
i { i {
" i ; H ¢ i*
gy Ty
4 . ;{ i ] t L ; S p— ‘ ............................... g Zzi* .....................
: ' = : 83 i3 3 %g - 3 ;{ W
& o 2
¢
Merja Tornikoski
Metsahovi Radio Observatory
10 VRS Tty USSR RRE
t B0O130-171
= Sometimes
= # 1 few-epoch observations
£ .} can reveal the true (?)
g§1F '} e XTI variability!
'; i . g i i # :\ (Time btw the 2
- ata DOINtS
= s 90 GHz data points
$ 1 =14 years!)
0.1 el Lo el Lol R R | i
0.1 1 10 100

Frequency [GHz]

Merja Tornikoski
Metsahovi Radio Observatory
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Variability characteristics (90 GHz)
Var vs. number of data points.
e “More data points, more variable”.
* < 15 data points: no reliable info on true fluxes.
“Activity timescales”
e Every 3.6 yrs (for ca. 4 months).
“Flare timescales”
e What is a flare???
e Enhanced flux where

Speak = Spase > 1/3 (S
e Every 2.6 yrs.

base max Smin)

Merja Tornikoski
Metsahovi Radio Observatory

Conclusions

In order to determine flux minima & maxima,
shape of the continuum spectrum etc.

e Few-epoch observations are not enough!
» Preferably long rather than very dense data sets.
Lots of interesting (= bright at times) sources

and even source populations have been
excluded from mm-studies.

Merja Tornikoski
Metsahovi Radio Observatory
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Planck foreground work:
e Larger set of sources, larger frequency range.

e “Educated guesses” based on source behaviour
and statistical data.

e QDS parameters: Emphasis on “surprising” events
and sources.

ENIGMA:
e Observational data & variability models.
e Radio to submm collaboration.

Merja Tornikoski
Metsahovi Radio Observatory




158 CHAPTER 4. SESSION III: VARIATIONS OF SOURCE STRUCTURE AND FLUX (A. WITZEL)

4.2 K. Nilsson: Tuorla optical monitoring program

Tuorla optical monitoring program

K. Nilsson, L. O. Takalo, E. Lindfors, M. Pasanen
Tuorla Observatory, Finland

®First ®Prev ®Next ®last ®Go Back ®Full Screen ®Close ®Quit

Tuorla Observatory

e 14 km E of Turku, Finland

o\ = 2227
¢ = 60° 24’

e altitude: 50 m

e observing season:
Aug 15th - May 1st

e 50-100 clear nights per
season

e FWHM 3"- 6"

®Fijrst ®Prev ®Next ®Last ®Go Back ®Full Screen ®Close ®Quit
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®First ®Prev ®Next ®last ®Go Back ®Full Screen ®Close ®Quit

The imaging system

e 1.03 m equatorial Dall-Kirkham
telescope (f/8.5)

e telescope and control system
built at Tuorla

e BVR-filters

e SBIG ST-1001E CCD
(1024 x 1024 pix.)

— pixel scale 1.2" /pix.
— field size 10" x 10'

®Fijrst ®Prev ®Next ®Last ®Go Back ®Full Screen ®Close ®Quit
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The sample

e All Tev sources and Tev candidates from Costamante &

Ghisellini (2002) with § > +20°.
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The sample

e All Tev sources and Tev candidates from Costamante &
Ghisellini (2002) with 6 > +20°.

e 24 objects :

1ES 0033+595 1ES 1011+496 RGB 1417+257
1ES 0120+340 1ES 1028+511 1ES 14264428
RGB 01364391 Mkn 421 1ES 1544+820
RGB 02144517 RGB 11174202 Mkn 501

3C 66A Mkn 180 OT 546

1ES 06474250 RGB 1136+676 1ES 1959+650
1ES 0806+524 ON 325 BL Lac

OJ 287 1ES 1218+304 1ES 2344-+514

®Fijrst ®Prev ®Next ®Last ®Go Back ®Full Screen ®Close ®Quit
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The 2002-2003 season

Goals: e obtain ~ 10 d interval monitoring data of all objects
e calibrate the system

e calibrate comparison stars for previously unobserved
objects

®First ®Prev ®Next ®last ®Go Back ®Full Screen ®Close ®Quit

The 2002-2003 season

e obtain ~ 10 d interval monitoring data of all objects
e calibrate the system

e calibrate comparison stars for previously unobserved
objects

e data obtained during 43 nights

— 1200 monitoring data points
— BVR calibration data of comparison stars
— filters calibrated

®Fijrst ®Prev ®Next ®Last ®Go Back ®Full Screen ®Close ®Quit
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Example lightcurves

No variability (6/24 objects) :

RGB 1136+676

I
02/08

L 1 Il 1 1 L
02/22 03/08 03/22 04/05 04/19 05/03
date
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Example lightcurves

No variability (6/24 objects)

RGB 1136+676

16.15

16

$ ‘i{l’

2
01/25

L
02/08

L 1 L i 1 L
02/22 03/08 03/22 04/05 04/19 05/03
date
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Example lightcurves

No variability (6/24 objects) :

RGB 1136+676

57"

14/12/98 NOT :

16.1

16.15 - . 18_2

16.2 L
01/25 02/08 02/22 03/08 03/22 04/05 04/19 05/03 — ]_ 5 5 9
date
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“Mildly variable” (Am < 0.3 mag) (12/24) :

RGB 1117+202

o

15.4
15.5
15.6
15.7

15.8

¢

159 # .
16 I I 1 L I

01/25 02/08 03/08 03/22 04/19 05/03
date
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“Highly variable” (Am > 0.3 mag) (6/24) :

1ES 1011+496

:

g ,°

}
ty 0 @%‘H %o

01/01/03 02/01/03 03/01/03 04/01/03 05/01/03
date
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Highest variability : OJ 287 (Am = 1.7 mag)

L L L 1 1
01/01/03 02/01/03 03/01/03 04/01/03 05/01/03
date
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Conclusions

“What's there for ENIGMA?"
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Conclusions

“What's there for ENIGMA?”

e A 1m class telescope with BVR filters for

— long-term optical monitoring
— monitoring campaigns
— calibration of comparison stars
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Conclusions

“What's there for ENIGMA?"

e A 1Im class telescope with BVR filters for

— long-term optical monitoring
— monitoring campaigns
— calibration of comparison stars

e Robotic operations are not foreseen in near future.
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4.3 E.Middelberg: Where has all the polarisation gone?

Where has all the polarization gone?

Enno Middelberg
MPIfR, Bonn

In collaboration with
A. L. Roy
U. Bach
T. Beckert
D. C. Gabuzda
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Introduction

Synchrotron emission: High (> 50 %) degrees of polarization

Polarized emission + ionized gas + magnetic fields = Faraday rotation

® = RMA* « [ n,Bdl

lonized plasma alone causes free-free absorption:
tec [ 0l dl

Together, one can determine both n and B.

Sample selection

Which objects have polarizaticii + ionized plasma ?

— Which objects have free-free absorption?

— Which objects have spectral indices > 2.5 along the jet?

Final sample:

Source Dist. / Mpc Type Spectral index
NGC 1052 19,4 LINER > +3.0
NGC 4261 34,4 FR > +3.0
Centaurus A 4,2 FR | + 3.8
Hydra A 248 FR I +0.8
Cygnus A 259 FR I +1.0
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Observations

NGC 1052

Pilot observations carried out with VLBA @ 15 GHz / 13 GHz.

15 GHz: - high resolution: <1 mas
- good sensitivity: rms ~ 0.2 mJy / beam
- less depolarization:  1/v?

- less absorption: 1V

Two polarization calibrators, residual D-terms < ~0.3 %

Primary calibration in AIPS, mapping in DIFMAP,
final polmaps in AIPS

. 'Cbun‘ter—jeit; i

Centaurus A

qunter-jet
0 ;

-2
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Results

MillIARC SEC

rms, | =0.42 mdy / beam
rms, P =0.12 mJy / beam
Peak =315mJdy/beam

Results

Summary

Except for Cyg A, none of the sources is polarized,
neither in the absorbed gap nor in any jet parts.

This is contrary to quasars and BL Lacs.

Desired B field measurements not possible.
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Discussion

Depolarization intrinsic or extrinsic?

Intrinsic causes

Tangled B fields cause beam depolarization

Possible to obtain limits on cell size

Discussion

Extrinsic - Bandwidth-depolarizationby high RM

P (Ao)exp(i RM (A* =24y))

P (A,)exp(—i RM A;)
A]_AO

(p) =

AO
J./\ exp (i RM (A*))d A

1

In 15 GHz band, <p>/p(A,) = 0.5 requires RM = 2.2 10° rad/m”

Typical RMs of 10* rad/m? cause 0.00012% depolarization
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Discussion

What conditions cause RM > 10° ?

ne:104cm'3, L=1pc, B =01mG — ~ 10° rad/m?

—3/2

. . _ T n, v
But: free-free absorption is T,~510"°( — - (
P 4 10K cm™? GHz

— 1t=1 at5GHz
— 1=0.1 at 15 GHz

Only way out: absorber needs to be extended or hot, or both!
— hot gas phase filling inner few pc above torus?

Discussion

thin, hot gas
FFA Torus

— o
: 0/ R
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Discussion

Extrinsic - Depolarization by tangled magnetic fields

Initially polarized emission passes through Faraday screen with tangled magnetic fields.

|

1 L . 1
-100 100 -200 100 0 100 2
Polarization Angle Polarization Angle

-200

Conclusions

NGC 1052
Evidence for spherical absorber (Kameno et al. 2001).
High RMs possible!

NGC 4261
Jet is flat spectrum, not inverted.

Centaurus A
Properties of inner jet uncertain. Jet bend 0.05 pc away from core?

Hydra A
Jets have steep spectra.

Cygnus A
Polarized emission from jet. Future RM measurements possible. Depolarized

nevertheless?
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4.4. S.FRIEDRICHS: POLARISATION MEASUREMENTS OF 0954+658 WITH VSOP

Polarisation Measurements of 0954-+658

4.4 S. Friedrichs:

with VSOP

Max-Planck-Institut
far
Radioastronomie

Polarisation Measurements of
0954+658 with VSOP

Simone Friedrichs
T. Krichbaum

U. Bach
A. Witzel

J.A. Zensus

Mai 2003
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— The source: BL Lac 0954+658

z=0.368
well-studied short-time variable source

0954+658 Total Intensity at 6cm

Effelsberg Single Dish Measurement

Flux density [Jy]

04+ —

T
1996
Epoch

T IS W N
1998

0.2 Ll L Ll
2000 2002

P IS A
1990 1992 1994

— Aim of the experiment:

High-resolution imaging on structures of
the inner jet

Changes in polarisation intensity and an-
gle

Separation between polarisation in the co-
re and the innermost jet

5 GHz VLBI + HALCA observations in Oc-
tober 2000

(first epoch VLBA + Y + HALCA)

— Datareduction in AIPS (Astronomical Image
Processing System of the NRAO)
and Difmap (part of Caltech VLBI Softwa-
re Package)

— Preliminary results:

Modelfits
Polarisation maps
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4.4. S.FRIEDRICHS: POLARISATION MEASUREMENTS OF 0954+658 WITH VSOP

VSOP uv coverage 16 October 2000, 20 to 21 October 2000
(top left to bottom right)

What is so special about HALCA?

VLBI Map

[
\
|
\
|
il
|
i
|
\
L

8

VLBI uv coverage 16 October 2000, 20 to 21 October 2000
(top left to bottom right)

) -1 2
MIIARG SEC
Genterat FiA 09 55 47.24511 DEC 65 33 54.5181
Cont peak flux = 2.9740E-01 JY/BEAM
Levs = 2.082E-03 * (1,1, 2,4, 8, 16, 32,64,

128, 256, 512, 1024)

Pol line: 1 pixel = 1.0000E-03 JY/BEAM

Fol. line rofated by -100 degrees
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Modelfits of the epochs a) 20 October 2000, b) 21 October 2000
and c) 22 October 2000 for the VSOP Data

VSOP Modelfit Components
20 October 2000

Comp. S [JY] RADIUS THETA

] CO 0.226228 0.00000 0.00000
C1 0.133375 0.454011  -37.2044
C2 0.0150889  1.70682 -34.9404
C3 0.0142515  2.09157 -48.8986
C4 0.0272404 3.35352 -68.5754

21 October 2000

- Comp. S [JY] RADIUS THETA

Co 0.214362 0.00000 0.00000
. C1 0.159429 0.423147 -35.8382
C2 0.0171262 1.58721 -36.3375
C3 0.0184052 2.13418 -46.6218
] C4 0.0288946  3.41079 -68.7085

22 October 2000

Comp. S [JY] RADIUS THETA

CO 0.218441 0.00000 0.00000
C1 0.149624 0.419775 -37.5588
- Cc2 0.0196756  1.62340 -34.5017
C3 0.0144174 2.22184 -48.2611
C4 0.0264727 3.37378 -68.9336

C -z —4
Right Ascension [ros)
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4.4. S.FRIEDRICHS: POLARISATION MEASUREMENTS OF 0954+658 WITH VSOP

Modelfits of the epochs of a) 20 October 2000, b) 21 October
2000 and c) 22 October 2000 for the VLBI Data

Cc6

VLBI Modelfit Components
20 October 2000

R

ight Ascension

—10
fros)

Comp. S [JY] RADIUS THETA
CO 0.221299 0.00000 0.0000
C1 0.133993 0.44212 -37.8019
C2 0.00989428 1.63125 -30.6035
C3 0.0199519 1.98117 -45.9009
C4 0.0235060 3.21660 -66.0959
C5 0.00761891 4.75066 -86.2524
C6 0.00142830 7.51047 -88.9329
Cc7 0.0122111 9.79024  -69.0261

21 October 2000

Comp. S [JY] RADIUS THETA
Co 0.195387 0.00000 0.0000
C1 0.156849 0.42043 -38.2393
C2 0.00946904 1.47877 -32.8156
C3 0.0244932 1.98406 -44.4781
C4 0.0203259 3.26903 -65.3545
C5 0.0103960 4.49593 -82.4186
C6 0.00108659 7.40557 -90.3817
c7 0.0119687 9.87937 -69.6410

22 October 2000

Comp. S [JY] RADIUS THETA
Co 0.202860 0.00000 0.0000
C1 0.147849 0.425639 -38.6831
Cc2 0.0115222 1.53974 -33.1685
C3 0.0220153 2.01065 -44.9300
C4 0.0203517 3.28316 -65.5772
C5 0.00929113  4.49917 -85.6362
C6 0.00106722  7.65047 -89.5583
C7 0.0129170 9.79688 -69.3781



180CHAPTER 4. SESSION III: VARIATIONS OF SOURCE STRUCTURE AND FLUX (A. WITZEL)

y (mas)

0954+658 VSOP Modelfit Components CO to C4

X-y-plane
.

.

&—o C0
G- Cl

AAC3

C4

09544658 VLBI Modelfit Components CO to C8

X (mas)

x-y-plane

|
25

VSOP Total Intensity

M

EPOCH Score [MIY]  Syer [MIY] >~ [MIY]
16 October 335.2 31.3 366.5
20 October 362.4 441 406.5
21 October 376.9 44 .4 420.3
22 October 372.1 457 417.8

VLBI Total Intensity

EPOCH Score [MIY]  Syer [MIY] D~ [MJY]
16 October 368.7 27.2 395.9
20 October 371.5 45.9 417.4
21 October 369.0 48.0 417.0
22 October 373.2 44.9 418.0
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VSOP Polarisation Images of Epochs 20 - 22 October 2000 VLBI Polaristaion Images of Epochs 20 - 22 October 2000

T T T T
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4.4. S.FRIEDRICHS: POLARISATION MEASUREMENTS OF 0954+658 WITH VSOP

EPOCH Score IMUY]  Sjer IMIY]  moore[%]  mue[%]

16 October 13.0
20 October 15.8
21 October 15.9
22 October 16.6

3.9 16.54
13.72 16 October 12.0

44
4.2 16.87 20 October 14.4
4.5 14.48 21 October 13.7

22 October 14.7

3.3 11.8
3.9 11.5
3.7 12.3
3.9 12.0

a—=wo

SRo
noow

POWN
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VSOP Polarisation Angles

EPOCH XCore XiJet

20 October  -75°  +89°
21 October  -75° -89°
22 October  -70° -87°

VLBI Polarisation Angles

EPOCH X Core

20 October  -67°
21 October  -68°
22 October  -71°

Polarisation angles in the jet ?

— Still some things left to do
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4.5 D.Gabuzda: New views of the polarization structure of
compact AGN from multi-wavelength data
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4.5. D. GABUZDA: NEW VIEWS OF THE POLARIZATION STRUCTURE OF COMPACT AGN FROM

Core and Inner Jet of 0J287
at 6 and 1.3 cm

Ie Ls a xs xi3 Bxers
(mJy) (mJdy) A.r_mv (deg) (deg) - e

C 300 1238 4092 —2 71 T3
J3 400 194 —047 =10 —6 4

J7 598 274 =051 — — @ —
J6 194 106 -0.39 -12 -4 12

J5 214 ™ =065 -97 -97 0
Theoretically pradictd % fp in -
.x .—S 4? +go#‘l ? OQ*MﬂLhJ ,
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o There 3 ¢ a nk. o, \.w..fnoarww h\v »\5. ~
Binomial probability distribution for two outcomes A and B , , ! c o
with unequal probabilities: *ﬂ be ec TA&\ ( o .N.. .Mv%m. VLer Kear.

Ntotal! . N
n,lng! e ‘N\CA rakee Sanpe «N.

Taking the two outcomes to be Xopt — X, Br either near the
edges or in the centre of the histogram of xp: — X5, Vvalues:

Perance = N.u\»v:x * Qumvzm *

X,$\\A Er xoar.ono\ﬂm.. .
| - e ﬂ\nt.m)?o! ‘r °r no.\Qv ler..

Nitotal'

£ nu.. .
— Tedge Ticentre 4 __ COUGL" . o,
.TQE:R QUm%mv 9€ % Amuam:?mv * S\m%m_ﬁnm:?m_ , F’l’ *L “V 4 .

Prrance = Amv:%m*AmVSGﬁi*F \KJ;. .P ﬂo"r ' Q.mn&kq §

9 9 !

Nedge _3\83«2 : ’ .

Probabilities for optical4VLBI measurements up to 1993 (Gabuzda, -
Sitko & Smith 1996): « Si M p L w\fh cCas:

Optical vs. Core:  ngotar = 6, Nedge = 5, Neentre = 1 —_ N.ﬁ LA A’.f‘ Stun

chance = U/0 ; ,.‘h*f, e |
P, 6% Vnﬁb\ .m’&..’l Sakn b&oR A trs%“*hﬁ\
j

Optical vs. Jet:  Miotar = 7, Nedge = 4, Necentre = 3 , Ve ¢ .
_ g (1 %.\ . n&’} } ?..9\0 AD\F-. S r«o “
Nu%nﬁnm M@@m r’
LT ¢ + [ gl ¢

Probabilities for optical+VLBI measurements up to 1996 (Gabuzda, :

Smith & Garnich, in prep.): N H.n b £ h\ h!}s Qvifon Fﬂ.:.r :
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Optical vs. Core:  nyotar = 13, Nedge = 11, Ncentre = 2 v, —\p\QN ’ « . Caren’ Tn
P 03% | Aot U Ceare Showrd be “optic pn ,

Optical vs. Jet: 7 13, n 5 n ) Wi P *&6? “'F *{T L A\esp s r..otc
. : total = 19, Nedge = O, Necentre = . ) .
Pehance = 20% r ' oy .T leV E Y

a1




4.5. D. GABUZDA: NEW VIEWS OF THE POLARIZATION STRUCTURE OF COMPACT AGN FROM

New- Quasi-simultaneous Optical + VLBP -
h Observations (43422415 GHz)
Gabuzda, Rastorgueva & Smith

VLBI Epoch Source  Optical Polarization (%)

7 Aug 2002 14184548 6.5410.42
1538+149 Not observed
1732+-389 Not observed

17494006 9.65£0.45
18234568 9.411+0.55
2131-021 2.3940.94
2284+074 13.7540.59 .
5 Mar 2003 0048097 _ Not observed

0138-097 Not observed
0256+075 Not observed
0735+178  2.692:0.10 (86.7°)
2.16+0.10 (62.5°)
08234033 5361049
o7 18.48+:0.14 (180.1°)
19.432:0.10 (154.8°)
1474248 7.6920.18 (58.4°)
7.99::0.19 (60.7°)
12194285 5612007 (107.6°)
4.25::0.07 (90.4°)
ac2re 24.01:40.24 (54.9°)
25.67+0.30 (54.5°)
1334-127  10.41%+0.16 (55.9°) -
12.67::0.19 (32.8°)
1536+149  20.91::0.24 (145.8°)
© 29.2440.30 (151.4°)
17324389 17.160.44 (62.8°)
15.0440.34 (69.2°) -

Total objects with successful optical+VLBP obs: 14/18 E%Ommm. .
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4.5.

Aigkog
GUOOWpE
mn

. Application to biazars and gamma-ray bursts.

MNVEAS 1336
THEORY (K. Tsinganos, A. Mastichiadis, N. Vlahakis et al.) :

Experience in constructing steady analytical 3-D models of MHD winds and jets (relativistic & nonrelativistic)
Experience in constructing self-similar solutions, demonstration of the role of the critical surfaces, .
developing criteria for the collimation of MHD outflows, the asymptotics of collimated and cronical solutions, .

the structural stability of MHD outflows and the efficiency of magnetic acceleration.

Numerical simulations of time-dependent MHD winds/jets, demonstration of magnetic collimation &
shock formation, acceleration of relativistic jets. Gamma ray bursts,

Time-dependent radiative transfer. Spectrum formation from synchrotron, synchro self-Compton and
external Compton processes. Particle acceleration in shock waves and coupling with radiation.

? , perturbations of this equilibriom
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Session IV: Radiation processes at
high energies
(L. Takalo)
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5.1 A.Laheenmaki: Millimeter observations as a Tool for
Studying Gamma-Ray Emission in Blazars

llimetre observations as a
or studying gamma-
ission in blazars

Anne Lahteenmaéki
Merja Tormnikoski

tséhqvi Radio Observatory
Finland
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esting of IC models for AGNs

sahovi 22/37 GHz monitoring data & EGRET
gamma-ray emission are correlated

2-quiet AGNs detected by EGRET —but
io-bright AGNs detected either

ic disk

x‘ Anne Lahteenmaki
~ Metséhovi Radio Observatory

1253-055 (3C 279) at 37 GHz
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Average properties

age observed gamma-ray flux is correlated:
gntz factor I (98.7 %)

ge radio flux S, (91.8 %)

& probability depends on:

pe —preferably HPQs (>99%)

5 as a class are not strong gamma-ray
(HPQs yes, LPQs & BLOs no)

6%) and I (96.8%)
m observed radio flux S, (95.2 %)

x . Anne Lahteenmaki ,
Metsahovi Radio Observatory

16
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14

13
Log Tp (highest observed)
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EGRET flux

]
40 .
® EGRET detections
L4 v EGRET nondetecticEX
30
[ ]
20
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[ X ° v
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Individual EGRET pointings

xpected positive correlation between the
th of gamma-ray emission and
eous radio flare flux S (or S,,,,)

ariations not always good tracers of the IR
ps, several different IC processes ?

types of soirce behavior
ble, ON-231 and 3C 273
bability depends on:

599.99 %)

9
 Anne Lahteenmaki |
' Metsahovi Radio Observatory

EGRET detections: quasars

Flare phase (0=minimum, 1=maximum)
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here does it come from ?

e delay from the onset of mm radio flare to
ma-ray detection (for strong detections)
ly 30 to 70 days

et al. (2001): approx. 50 days

to linear distance we get an average
om the core |

- * ~ Anne Lahteenmaki ,
- Metsahovi Radio Observatory

10

200

8

6

100

_—
)
>
©
» =
o @ g
o = -
~ o )
[e] 5 r N8
- -
3 5 5
o ©%B i °g
- (/] [
© 5 [N
-.§_ o B e
173 r= o ©
[ -~ o 7
o E 1o Al
o 89 <
- o - = o
D ‘2 o h
= £ @
- a— —
2 Fole
= < ?
! | ! ! \ 8 ! | 1 ! L =)
© 0 < ) o~ - o © 13 < ) o~ - o

Suoljoa)ep 1 JHOT JO JequInN Suono8lep 1 3Y¥O3 4O JequinN



202CHAPTER :
5. SESSION IV: RADIATION PROCESSES AT HIGH ENERGIES(L. TAKALO)

OET detection probability and the strength of
a-ray emission depend on the
eous radio state of the source

uction of prominent gamma-ray flares is
M to shocks, about S pc from the AGN
bs detected —BLOs are weak

baseline’ weak gamma-ray emission etc ?

} Anne Lahteenmaki '
fl  Metsahovi Radio Observatory

Why s:tudy gamma-ray sources
2k radio wavelengths?

R 66 high-confidence AGN identifications

factically all are bright and variable
lllimeter-domain. “

L reasing evidence that the activity
waves is linked to the |

Merja Tornikoski
Metsahovi Radio Observatory
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The most probable AGN
to be detected in gamma-rays
is a source with...

Angngomg and still rising high-frequency radio flare.
An inverted/flat spectrum up to 100 GHz
during the active state.

In order to be an EGRET-counterpart
a source must be
bright and variable in the mm-domain!

Merja Tornikoski
Metsahovi Radio Observatory

3EG lower-confidence identifications
jith Southern AGNs (”a” in 3EG)

No! Maybe?
B0537-286 B0506—612
B0539-057 B0521-365
B1716-771 B1504—166
J1808-5011

. Merja Tornikoski -
Metséhovi Radio Observatory
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Radio observations as
a target-of-opportunity —tool
for gamma

ably ~100 GHz.

g suitable gamma-ray source candidates:

F3io continuum spectrum
GHz in the active state.

Merja Tornikoski
Metsahovi Radio Observatory
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5.2 I.Papadakis: The complex X-ray variability behavior of
Mkn421 as seen by XMM

The complex X-ray variability behaviour of Mkn 421
as seen by XMM-Newton

I. E. Papadakis

(Physics Department, University of Crete)

W. Brinkman, J.W.A den Herder, F Haberl
(MPE, SRON Utrecht, MPA)



206CHAPTER 5. SESSION IV: RADIATION PROCESSES AT HIGH ENERGIES(L. TAKALO)

INTRODUCTION

Blazars have long been known to exhibit rapid variability, high
polarization, high luminosity and superluminal motion. These are
thought to indicate that the readiation is produced in relativistic jets
oriented close to the line-of-sight.

Spectral and flux variability observations can provide valuable
information about the acceleration and cooling processes occuring
in the inner jet. Although the true situation may be very complex,
some limiting cases are easy to “predict”. For example, if
monoenergetic electrons are injected impulsively and evolve via
radiative cooling, the electron spectrum will soften with time, so
that softer photons will lag harder ones. Conversly, if the
acceleration occurs on a time scale longer than the electron
cooling time, the electron spectrum will harden with time and
harder photons will lag softer ones.

Determining the value and direction of the lag would indicate
which of the two regimes causes the spectral evolution, allowing a
measure or upper limit of the cooling time to be derived.

The observational situation is currently in dispute. In the case of
Mkn 421, Takahashi et al. (1996) found “soft” lags, in which the
“soft” band (0.7-1.5 keV) lagged behind the hard (3-7 keV) in an
ASCA observation of the source, Fossati et al. (2000) found the
opposite, “hard” lags, in a Beppo Sax observation, and Takahashi
et al. (2000) found both hard and soft lags in a very long ASCA
observation.

Mkn 421 is the brightest BL Lac object at X-ray and UV
wavelengths and it is the first extragalactic source discovered at
TeV energies. It has been observed by all previous X-ray missions
and always shows large amplitude, fast flux variations. XMM-
Newton, with its excellent sensitivity in the 0.2 — 10 keV band, is
ideal in order to resolve the intensity variations of the source on
time scales as short as ~ 100 sec.

In this talk, | will present the results from a detailed variability
analysis of archival XMM-Newton observations of MKN 421 that
we have recently performed.

OBSERVATIONS

Mkn 421 was observed by XMM - Netwon 8 times during
5 orbits in the period between May 2000 - May 2002,
as a calibration source.

EPIC-PN was in SW mode (5 times), LW mode (2 times)
and Timing mode (once). Filter was thick in all cases but
once. Exposure times were ~ 30-50 ksec.

We used PN data, XMMSAS version 5.3.3, response matrices
released in April 2002, and disregarded central region
pixels (to minimize the effects of pile up).

counts/s

w"’wup/z! Voumstiing 4401

Ol ol T bo i b

193 10 20 30 40
Time from start [ x 1000 s ]
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5.2. 1. PAPADAKIS

wv There is a strong indication that,

First, in order to study the observed variations, we used 80-sec
binned, 0.2-0.8 keV (soft) and 2.4-10 keV (hard) band light curves,
and simply divided them by their mean. We find that:

SBAND min_to_max variations < HBAND min_to_max variations
(~ 10% - 40/%) (~30% - 70%)

Then, we computed the “Hardness Ratio”

(HR=[0.2-0.8 keV]/[2.4-10 keV])
and plotted it as a function of the total band count rate (0.2-10keV)
in order to study flux related spectral variations.

Based on the HR plots and well defined, large amplitude flux
variations in the light curves, we divided the light curves into various
sub-intervals/sub-parts.

We find that:

1 V In almost all cases, as flux increases, the spectrum “flattens”

(i.e. HR increases), while as flux decreases, the spectrum
“softens” (i.e. HR decreases).

NV The spectrum hardens/softens at a rate which varies from

observation to observation.

as the flux increases, the spectral
variability rate increases as well.

Speciral Vanabilty Rate

1 10
Hard Band (2 4-10 keV) Gount Rate

o84

PatA Pats

(] ouol BMO0D 40000 AUUo0 BUuud
Time (#e<)

o171-2

Wonneliees Cout e

FartA FartB

o 000G 000D 30000 40000 50000
Time (aac)

o1

] 10000 20000 40000 40000 50000
Time (sem)

(] 10000 D060 30000 40000 50000
Time (sec)
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0084

HRgHansaY

k) a0
‘Totsl GA (countaiass)

air-z
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Tetwl CR {acuntsizany

HFL (HardSat)

T

[RL}

180 80 170
Tatal GR (countasec)

0259

(it 120 £ 40
Total GR (coutisec)

m

CROSS CORRELATION ANALYSIS

In order to investigate the crass-links between the soft and

hard energy band variations, we computed the cross-correlation
function between the soft and hard energy band light curves, using
the full length light curves and the various sub parts that we have
identified in each light curve.

The results are quite different in each casel

When we consider the results from the CCF analysis of the
various sub-intervals of the light curves, we find that:

:._.:m variations in the two bands are well correlatd in most cases.

Nv We find that in many cases, the CCFs are asymmetric towards
positive or negative lags.

uv In two cases we find significant positive lags (i.e. the soft band
variations lead the hard band variations) and in 4 cases, we find
significant negative lags (i.e. the hard band leads the soft band
variations). The observed lags are very small, of the order of
~ 5 min.

Orbit 84, Part A

02
hv In the cases where we do detect Amw\
significant lags we also observe
characteristic loop-like structures
in the HR plots. %%SE,:E
o1s
80 80 100 120 140 160
Siom»sc:m\mes

Orbil 171-2, Part A

o

HR (Hard/Soft)
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FUTURE WORK

Perform a detailed study of the energy spectrum of the source.
Due to the current uncertainties associated with the EPIC PN
response at lower energies, we could not study the energy
spectrum of the source in detail. However, it is clear that:

The spectrum is very complex and cannot be fitted adequately
by a broken power law or a continuously curved model.

ot ar Toided mocal

counts ase st

0
01

15 ool

AND

Acquire more data! We have asked for a ~ 3.5 days, continuous
observation with CHANDRA and XMM in order to resolve (??) the
the observational situation with the interband lags in Mkn 421!
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5.3 E.Kording: Radio/X-ray Correlation from XBRs to
AGN

Radio/X-ray Correlation from
XRBs to AGN

Max-Planck-|nstitut
far
Radioastronomie

Elmar Kording
with Heino Falcke



5.3. E.KORDING: RADIO/X-RAY CORRELATION FROM XBRS TO AGN 211

'Active Black Holes'

XRBs AGN
*Mass: 5—20M;, *Mass: 10¢ - 1021,
e[ _uminosities:~ 102 e[ _uminosities:x 199
sec SEC
*Relativistic jets (low *Relativistic jets
state) eFlat Radio core
@]
\ ’
w‘ N 7 ﬁ%m
= - o M@Q’Q
] Cyg A by U.Bach’
GRS1915 by Mirabel :

Similar Central Engine: Black Hole, Accretion Flow, Jet

Spectrum of XRB in the low/hard
state

Coupled Disc Jet model:

*Disc:
« Visible mainly in UV

5 « Inner part: ADAF

] « Outer part: Standard thin disc

4 eJet:

] « Synchrotron emission dominant
for X-Rays and Radio

log, 1,(y)

5 10 15
log,, v (GHz)

XTEJ1118+480
(Markoff, Falcke,Fender 2001)

Disk/Jet Models can be used to fit
the spectrum
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Jet dominated AGN

* Sync. peak freq. varies
- HBL/LBL

* To compare sources: Look
at synchrotronpower law
before cutoft!

* Objects:
; — BL Lac
—-12 R EETTR T O SRR A R B T
15 20 25
Log v [Hz] - FRI
Maraschi et al. 99 — Liner

Change of Accretion Rate

Scaling laws for jet predict (Falcke & Biermann 95):

SRadio ~ M**!
and for the turnover frequency (SSA)

v, ~ M2/3

For X-ray emission (if below cutoff)

Ve

SX—ray = SRadio — with o ~ 06
vx

1 2

- m
SX—ray — SRadio

Const

1.41+ 20.6

: =T 138
with ™= 17772015
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Log F, [erg cm2 s~! Hz"!]

log,, 3-9 keV Flux (107'° erg cm™! s71)

213

Radio - X-ray/Optical Correlation

I Radio/X-ray

—
——

1 XRB in the low/hard state: GX339-4
1 Recently: Jet detected!

Different Epochs
{ The fit yields: 1.41

-25

—26

-7

—28

—29 |

3
log,, 8.8 GHz Radio Flux (mly)

Radio/Optical 1

Log F, [erg cm=2 s~! Hz™!

-24 -23 -22

(Markoff, Nowak, et al 2002)

FRI Radio Galaxies
Radio-Optical Correlation
The fit is around 1, but correlation not so tight.

] (Chiaberge 99)

Equivalent X-ray flux

Synchrotron cutoff/break

A

Synchrotron

* Extrapolated X-ray
flux, as if the X-ray
emisson is created by
the synchrotron power
law.

* Correction for Doppler

factor (only linear)

Observing frequencies: FRI,BL Lac : Optical

XRB, Liner : X-ray
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Radio/X-ray correlation for AGN

Le L Thermally dominated
s e g Y

gal —Jet dominated
a2}
40 XRB
38}
6 - FRI
34l .o LINER

28 30 32 34 36 38 40 42

Lg g

Black: GX339-4 (Corbel et al.) e No continous
Blue: Liner (Terashima & Wilson) .

Red: FRI (Chiaberge et al.) correlation from
Green: BL Lac (Sambruna et al.) XRB to AGN
Turquois: PG Quasars

Change of BH mass

1

v

Assumption: Similar geometry for all black hole masses,
particle acceleration always starts around 100 R

-1 —0.7
Ve~ M~ P Sx_ray ~ SThgioM

Blazars: IR . .
XRBs: UV Therefore:Scale X-ray Flux by M*0.7
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Radio/Xray: XRB to AGN!

PRELIMINARY!
Log M*"Lx

507

4571

401

257

27, ; 7. | 7 5. 40 42.
> 30 32.5 33 3L05§1R Qnerg%seg

Correlation continues if mass-scaling is taken into account

Conclusions

* Non-thermally dominated AGN occupy a
fundamental plane in a radio luminosity, equiv.
X-ray lum. and mass parameter space.

* Radio/Equivalent X-ray correlation can be traced
from XRBs to AGN

* Assumption that the acceleration region is at
roughly 100 R, seems to be reasonable

e Power-unification: XRB, LINER, FRI, BL Lacs
can probably be unified if one takes jet power,
mass and orientation into account.
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5.4 A.Sillanpaa: Status of MAGIC telescope

Status of MAGIC

MAGIC is the largest Cherenkov telescope and it
operates in the energy range between 30 GeV-10TeV.
This means that it will operate also in the *“virginal”
energy range 30 GeV-250 GeV.

If we just make a simple estimate using the observing
area, energy range and sensitivity we expect to see
altogether 923 sources in the sky!

first signals from stars seen 8.3.2003
part of the optics ready for real observations
camera is ready for real observations

we expect to make the first scientific observations in June
2003
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5.5. A.SILLANPAA: INTEGRAL BLAZARS

INTEGRAL BLAZARS

We are starting a new program with INTEGRAL:

5.5 A.Sillanpaa: INTEGRAL Blazars

Our main aim is to study all the blazars bright
enough using all the main INTEGRAL instruments
(OMC, IBIS, JEM-X) onboard INTEGRAL satellite
when it is scanning the galactic equator ~every
week (Core program). Every single integration is
~3000 seconds

Only seven suitable blazars found with coordinates
less than +- 13 degrees from the equator and
optically brighter than 17™

* The object list:
BL Lac (Costamante&Ghisellini list)
1ES 2344+514 TeV-source
8C 0149+710
87GB 02109+5130 (Cos&Ghi)
4C 47.08
1ES 0647+250 (Cos&Ghi)

PKS 0823-223

Preliminary spectrum estimations show that 5 of
these seven are visible with all the INTEGRAL
instruments almost all the time and also the rest two
objects part of the time

All these seven objects are also in the MAGIC-
object list and they are observed regularly

We will get continuously overall spectrum info of
seven blazars during the next 3-5 years (once per
week from radio — TeV)

Our program is getting also an “official”’ sub-topic
status
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Chapter 6

Session V: Particle acceleration in
MHD outflows
(K. T'singanos)

Guidelines to model MHD
flows & particle acceleration in Blazars

Use available observations + available theory.
Use experience from other astrophysical outflows.

Use experience from extensive observations over last years, e.g,
polarization, unification schemes, etc.

Follow a systematic and physical approach, e.g., understand first
properties of simplest cases, such as nonrelativistic outflows and
then more complex ones, such as collimated relativistic jets.

Complement numerical simulations with steady studies.
Examine stability properties of models.

Connect constructed MHD models with studies of emitted
radiation by accelerated particles.

Compare again with observations and reiterate.

219
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The following talks

MHD modelling of jets.

Formation and kinematic
properties of relativistic MHD jets.

Particle
acceleration and radiation in Blazar jets.

Kanaris Tsinganos
Department of Physics, University of Athens and IASA, Greece

In collaboration with :
N. Vlahakis (Athens), C. Sauty (Meudon), E. Trussoni (Torino), S. Bogovalov (Moscow)
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The Dichotomy of Winds and Jets

* Winds =no collimation + Jets = tight collimation

0. Solar Wind

3. Pulsars 5. AGN

List of unsolved pbs for a theoretician

* OQOutflow source & acceleration: magnetocentrifugal acceleration

(thermal or radiation pressure, waves) ?
* OQOutflow confinement: thermal pressure, or,
magnetic hoop stress ?
* OQOutflow stability: hydrodynamic, or,
hydromagnetic stability ?
* OQOutflow speed: nonrelativistic, or,
relativistic ?
e Radiation: particle acceleration, shocks, etc, ?

* Outflow composition: electron-proton, or,
electron-positron plasma ?
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Jet source :

| Altitude Z (AU)

Q
Cylindrieal radius R (AU)

Disk-Winds, X-winds, Star-Winds (Shu, Ferreira, Sauty, et al)

Plasma acceleration :

. Pressure gradient driving . Magnetocentrifugal driving

(thermal, radiation, waves, etc)

VP
Radiation or wayes Ai\( ; /

-

Force

Magpetic Fieldline

Source

3?? : ¥ Corona

Disk or \ C
streamer . ,C
Star or Black Hole i C

Thick Disk or Magnetosphere by

= @,

* ™

2

&

=

Source
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Plasma collimation :

e pressure gradient confinement * magnetic confinement
(thermal, radiation, waves, etc) (magnetic hoop stress)

Magnetic Fieldline - - -,

Source
Source

MHD modelling of cosmical outflows

1. Steady models o II. Time-dependent models

Advantages:
« analytical treatment

* temporal evolution

. ¢ nonideal MHD effects
© parametric study

* physical picture
method
Difficulties:

« 3D MHD code (magnetic
flux conservation !)

° Nonlinearity (MHD set ‘) . large grld space (large
+ 2-dimensionality (PDEs !) lengths of jets !)

« Causality (unknown critical * correct boundary conds
surfaces !) (boundary effects !)

+ expensive method !
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I. STEADY and AXISYMMETRIC MHD MODELS

"""" = Jet
i i
]
1
Flux Tube ——=
: i
Accretion Disk ‘

Equatorial Plane

I
/ LSI&L— B.H.

Keplerian Disk

Thick Disk — Magnetosphere

Poloidal Plane
+ Magnetic Flux A

[il + Mass Flux ¥

+ Angular Momentum L
i * Corotation Frequency Q
i * Energy E

|
i
i
i
i
I Zoom in the poloidal plane
|
i
i
|
|



Two wide classes of exact MHD wind-type solutions:

MHD Mach numbers depend only on meridional angle, or, radius
Poloidal Magnetic

Streamlines Fieldlines ...
... dipolar—type

Streamlines = Magnetic Fieldlines

\, y

in the Poloidal Plane

\ = - \. 4
\ ¢ { \\\\ I'\.\ ’J\:I
K ; ,X\.\ \"\\
L L T
L Y I\'.
\ -
... or quadrupolar—type \
Disk—driven Wind "star'—driven Wind
Prototype is Blandford & Payne (1982) model Prototype is Sauty & Tsinganos (1994) model

The problem of causality:

The set of steady MHD equations are of mixed elliptic/hyperbolic
character.

In hyperbolic regimes exist separatrices separating causally areas
which cannot communicate with each other via an MHD signal.
[They are the analog of the limiting cycles in Van der Pol’s
nonlinear differential equation, or, the event horizon in
relativity.]

The MHD critical points appear on these separatrices which
do not coincide in general with the fast/slow MHD surfaces.
To construct a correct solution we need to know the limiting

characteristics, but this requires an a priori knowledge of the
solution we seek for !
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Spherically Symmetric Black Hole

Horvizon = FErgosphere

-

Axisymmetric B lack Hole

R s

Ergosphere _ - <

-

Axisymmetric Wind

[
i t
]
i
i
i
i
i
i
i

' - Source . ! - x é*
Elliptic/Hyperbolic =~

............................
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Example solutions of meridionally selfsimilar MHD outflows

2
1.5

1
5| Mach number

20 4 80_ 100 . .
Magnetic/Flow lines
S ——— 100
C———
]
40‘052%285 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

10

NS o ®

Density

Balance of various MHD forces along and across

the jet from base to infinity

H )
8|
-
g =
S -
5 o
5
i 3 b
- & 2
£ &k i 3
g . E = I,
5 5l 5 B iz
sf e . £ L
< 5 i . .
I gt Lo
gf L
EN i
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Families of solutions

400

polar
200

-4 -200 il

equctorial avis

i) PR N
-4 -0

equatorial x5

& L L L Yol L L L
=200 -130 -100 -0 0 50 100 150 200

¢ Cylindrical  Radial or Conical -
(jets) (Winds)
e A(L g) Af=f(non polar streamline) - f{polar axis)
°*e'<0-->No
collimation
, ee’>0->
€ =lte Collimation
Efficiency of Pressure Confinement
AP —
" p
Efficiency of the Magnetic Rotator
i
LQ—ER,0+AEG L GM [ AT
= where AEG=—— —
LQ rO TO

e ¢ > (0 --> Efficient Magnetic Rotator (EMR)

H< 0 --> Inefficient Magnetic Rotator (IMR)



| A‘ classification of MHD outflows

0 rm

under—pressured

-—— EMR

(=]

e

~—— over—pressured

No Confinement

=CYLINDRICAL Asymptots

IE =RADILAL Asymptots (i.e. CONICAL)

E =PARABOLOIDAL Asymptats

0 o0

W w W] Sauty et al., 1999,2002 A&A
equatarial 045
Type 2 (Narrow Line ) Type 1 (Broad Line) Type 0 (Unusual)
|
~—
g o
.E ‘ 4
o
=] Seyfert 2 i )
g Narrow Emission Line Galaxies Sey,fe“ 1 Broad Absorption Line QSO ?
& IR Quasars ? Quiet Quasars (QSO)
Narrow Line Radio Galaxies Broad Line Radio Galaxies Blazars
% o
@ o -
3 Fanaroff-Riley I BL Lac Objects
5 Rich environment?
=) Smaller torus opening angle?
=
5]
&~

«— 1/ o/

Fanaroff-Riley IT
Poor environment ?
Larger torus opening angle?

Steep Spectrum Radio Quasars

—Flat Spectrum Radio Quasars

(FSRQ)

EnyiroAinement ?

€, €

Decreasing Viewing Angle (Urry & Padovani 1994)

\4
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Galactic Jets

o M-Seyfert (e.g GX 339-4)

VN
X-ray low / X-ray high /
hard state soft state

Continuous conical jet
Low speed

u-(Loud) Quasar (e.g GRS 1915+105)

Y e _a—
X-ray low / X-ray high /
hard state soft state
e TR R
0
-

Steady + Pulsed Collimated Jet
High jet speed

II. Time-dependent studies:

a movie showing the formation of a
tightly collimated jet once a radial
outflow along a radial (monopole)

magnetic field, starts rotating.
But difficulty to collimate a
relativistic outflow..
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|Weuk collimation of Wind from a Slow Maguetic Rotator (the Sun) \’B.l
[Stiumg collimation of Wind from a Fast Magnetic Rotator (a YSO) |

Very weak direct collimation of relativistic plasma

2 &
SIMNEG 1%LOGILR )
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A tw model for jets from a system of a central source +disk |

Recent numerical simulations and analytical models of magnetically collimated
plasma outfows from a uniformly rotating central gravitaring object and for
a Keplerian aceretion disk have shown that relatively low mass and magnetic
Huxes reside in the produced jet. Observations however indicate that in some
cases, as in jets of YSO's, the collimated outfow carries higher fluxes than these
simulations predict. A solution to this problem is proposed by the above model
where jets with high mass Bux originatc in a central source which produces
2 noneollimated outflow provided that this source is surrounded by a rapidly
rotating accretion disk. The relatively faster rotating disk produces a collimated
wind which then forces all the enclosed outflow from the central source to
be collimated too. This conclusion is confirmed by self-consistent numerical
solutions of the full set of the MHD equations.

[Shock formation in a 2-component outflaw by a rotating disk-wind |

In panel { ) asketch of the shock waves and singular surfaces which are expected
to be formed in the general ease of o two-component outflow is presented. The
ablique shock front marked by 1" is formed at the collision of the two parts
of the collimated and still incollimated Hows. An outgeing weak discontimiity
from the one end of this shock is marked by 2°. The shock front marked hy
'8’ is formed at the self reflection of the collimated How at the axis of rotation.
Under special conditions this collision shock may not be formed. In this case,
the structure a shack as the one shown in panel (b) is expected
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6.1 N. Vlahakis: Formation and kinematic properties of rel-

tic MHD jets

1V1S

at

Formation and Kinematic Properties of
Relativistic MHD Jets

Nektarios Vlahakis

Outline
e ideal MHD in general
e semianalytical modeling
— r-self similarity
+ AGN outflows
+ GRB outflows

— z-self similarity
+ Crab-like pulsar winds

e summary — meet the observations

Ideal Magneto-Hydro-Dynamics

e How the jet is collimated and accelerated? Need to examine outflows
taking into account

— matter: velocity V, rest density po, pressure P, specific enthalpy &c?
— electromagnetic field: £, B

e ideal MHD equations:
oB
- Maxwell:v-nft)7VxE+_—)f. V x B
Ccotl

v
—Ohm:E+—xB=0

C B R
. . 0(vpo)
mass conservation: Ve + V- (vpoV) =0
ot

o ) ) P
specific entropy conservation: (7 +V.V <T =0
C /)”

J'E+J xB

)
momentum: ~p, (% +V. v) (e4V) = —VP +
C

RELATIVISTIC MHD JETS

Mayschoss / May 13, 2003
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Integration

e assume

— axisymmetry (9/0¢ = 0, E4 = 0)
— steady state (9/0t = 0)

e introduce the magnetic flux function A
(A = const is a poloidal field-streamline)

o the full set of ideal MHD equations can be partially integrated to yield five
fieldline constants:
@ the mass-to-magnetic flux ratio (continuity equation)
@ the field angular velocity (Faraday + Ohm)
® the specific angular momentum (¢ component of momentum equation)
@ the total energy-to-mass flux ratio (momentum equation along V)
® the adiabat (entropy equation)

e two integrals remain to be performed, involving the Bernoulli and transfield force-balance

e boundary conditions?

RELATIVISTIC MHD JETS Mayschoss / May 13, 2003

r self-similarity
If the boundary conditions on the conical disk surface 6 = ¢, are power laws:

B, =—Cirt'=2 By = —Cort 2,
V,./c=C3,Vy/c=—Cyq,Vy/c=C5,
po = Cer?F=2) | P = Cpr2(F=2)

then the variables r , 6 are separable and the system reduces to ODEs.

The solution should cross the Alfvén and the modified fast singular points.
[Blandford & Payne — (nonrelativistic)

Li, Chiueh, & Begelman (1992) and Contopoulos (1994) — (cold)

Vlahakis & Kénigl (2003, astro-ph/0303482,0303483) — (including thermal/radiation effects)]

F (the only parameter of the model) controls the current distribution:
I x wBy o rf—1

e [’ > 1: current-carrying jet (near the rotation axis)

e [’ < 1: return-current (possibly at large w)

RELATIVISTIC MHD JETS Mayschoss / May 13, 2003
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AGN outflows (Vlahakis & Kénigl in preparation)
(modeling the sub-pc-scale jet in NGC 6251)

VLBI measurements show sub-pc scale acceleration of the radio-jet in NGC
6251, from V(r = 0.53pc) = 0.13c to V(r = 1pc) = 0.42¢ [Sudou, H., et al.
2000, PASJ, 52, 989]

Adopting the best fit model of Melia et al. 2002, ApJ, 567, 811 (consistent with the limits set
by Jones et al. 1986, ApJ, 305, 684) and assuming n o r~2 we find

axis of rotation

-4/3
o temperature: T = 10'? [—g‘g;é} OK/
} —-2/3

o sound speed: % = 0.5573 [5%’5&
—4/3
o specific enthalpy: £ = 1 + 0.466 [g({,’%]

Thus, for 0.53pc< r < 1pc the flow is supersonic and the quantity £y — 1 changes from
0.01562 at r = 0.53pc to 0.106 at » = 1pc.

As for hydrodynamic flows £y — 1 = const., the conclusion is that the flow is not
hydrodynamically accelerated. We propose the magnetic acceleration as a plausible
explanation of the observations.
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z(pe)

(dyncm™)

—®OB, /¥, ¢’=(Poynting flux)/(mass flux)c

RELATIVISTIC MHD JETS

Mayschoss / May 13, 2003

z(cm)

GRB outflows (including time dependence, ¢*, radiation)

TTT T
EIMT T T T ———— | E H
} }—]‘SB®/(41V‘{poc\{p)=(P"oyming‘ flux)/(mass ﬂux)c2 \} : 10° i
Lo b | ! 1 :
I | I (% |
(R | | | Il -
1o [ | 10
E 1IN | |
[ } }
[ .
L1 I 107
I | .
I }
I 12
; ; | 10 10° 10' 10° goye 10° 10"
Ell I
EoL ! 10
| } .
I
| |
| |
| |
|
,% |
T

classical fast

wy < w < wg Thermal acceleration - force free magnetic field

(Yxw,pox w ®, T xw ', wBy = const, parabolic shape of fieldlines: z  w?)
we < w < ws: Magnetic acceleration (v « @ , po x w %)

w = ws: cylindrical regime - equipartition v &~ (—=EBy/47vp0Vp) 0o

RELATIVISTIC MHD JETS

Mayschoss / May 13, 2003
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Collimation — Acceleration Crab-like pulsar winds
e The flow is centrifugally accelerated for V, 2V, = V,, < . :Z
V2 Integrate transfield force-balance oL
equation under the 2z self-similar 0 f
e Thermal acceleration is important for v < &;. agsatz . Fl(A)]—‘Q(w;. ”'Toj i
e Forv = &, £ ~ 1 and the magnetic acceleration takes over. 12:4‘0; T

1.4e+18

1e+15

1.2e+18

— For F > 1 the flow reaches asymptotically a rough equipartition between Sert

kinetic and Poynting fluxes . The Lorentz force is capable of

collimating the flow reaching cylindrical asymptotics (the collimation is 8e+17
possible for v < a few x 10, following 72w ~ R).

— For F < 1, the acceleration is more efficient. The collimation is not so

strong and the flow eventually approaches conical asymptotics. de+17

1e+18

6e+14

2(em)

Be+17 de+14

2e+14
2e+17

e Is the 100% acceleration efficiency possible (oo, = 0)?

Super-Alfvénic asymptotic solutions show that it is! 0 oerta

@(em)

JH<O—>JH>0

e e 0 A
7.501e+14 7.502e+14 7.4999e+14

RELATIVISTIC MHD JETS Mayschoss / May 13, 2003 RELATIVISTIC MHD JETS

Mayschoss / May 13, 2003
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Summary of the previous results

e The shape is determined close to the source (J; < 0)
e Collimation is possible
e The acceleration continues at larger distances (./; > 0)

e The magnetic acceleration is eficient

o 7 self-similar: does not cover both (J < 0) cases (F > 1 is preferable)

e Alternatives:

— 2z self similar (captuers both cases)

— 6 self-similar: applies to thermally driven flows near the axis (inside the
light cylinder)

— Fully numerical studies

RELATIVISTIC MHD JETS Mayschoss / May 13, 2003

Meet the observations

boundary conditions on the disk
B, T,&(e*orep' ?),V ~ C,,

Vy = wQ, size (Mpn), M

—

o bulk flow

line shape z = z(w),
V, B, po, P
as function of distance along each fieldline

e synchrotron emission (knowing B in space)

e positions of the shocks ~ v2cAt (knowing v) (Source variability At?)

o final value of o (asymptotic B — B in shocks)

e polarizarion

e asymptotic width — opening angle

RELATIVISTIC MHD JETS

Mayschoss / May 13, 2003
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6.2 A.Mastichiadis: Particle acceleration and radiation in
Blazar Jets

5 8
n Z
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HIGH-ENERGY AGN OBSERVATIONS

o GeV gamma-rays

3" EGRET/CGRO Catalogue:
66 high confidence + 27 low confidence sources

Population cheracteristics:

All blazars (BL Lac objects + flat spectrum radio quasars)
Power-law photea spectra

Some variable

o TeV gemma-rays
Ground-based Cherenkov detectors (WHIPPLE,

HEGRA, KANGAROO)
2 high confidence sources (Mkn 421 and Mkn 501)
+ 4 strong candidates

Source characteristics:
Nearby (z~0.1) BL Lac objects
Power-law photon spectra + exponential cutoffs

- Fast variability/flaring activity (~hours; mins!) : .

Z..E!S.a.onné!ouﬁ.gg, ﬁ
strong correlation betweea X-ray and TeV o
gamma-ray fluxes

WHAT WE HAVE LEARNED SO FAR

Gamma rays are produced in jets (radio-quiet AGN
are also gamma-ray quiet)

Radiation is highly amplified by Doppler boosting
(otherwise TeV gamma rays would have been
attenuated by photon-photon pair production in
the source)

KEY QUESTIONS

What are the mechanisms for gamma-ray production?
Are the radiating particles electrons or protons?

How are these particles accelerated?

Why TeV gamma rays and X-rays are correlated?

OBJECTIVE

Use particle radiation theories to obtain fits to both

spectral and temporal behaviour of a specific source

-> information on pargmeters of radiating plasma
(B-fleld, particle engrgies, Doppler factor, etc):
source diagnostics

Fast variability makes time-dependent calculations

neccesssary
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One-zone models

¢ Uniform injection of relativistic electrons
in a sphere of radius R -random B

2> 0=, 5.7 <Vmax

" Electron evolution > Solution of the

kinetic equation for the electron

distribution function in

i) steady state or

ii) time-dependent fashion

e Relevant processes

i) Synchrotron

ii) Inverse Compton on
a) external photons (EC models)
b) synchrotron photons (SSC)

i)  Photon-photon absorption

¢ Electron distribution - radiated v_::c:

spectrum
e Fits to low state MW AGN spectra >
tight constraints on parameters
 One free parameter 7, u&q.

0 is the Doppler factor of the blob
e MK?97: Flare fitting > change in one
parameter + time-dependent evolution
e Usual suspects O, 7,45 B, 8

o+ Jtin
Zglmmﬁﬂhﬁ Mﬁzmzm ‘ - (g5

A

o E Nmo.?,os S

o () + Q) + K G =
S_mo.ros terms {oss terms
- mx‘rgnm _éml_os - synclivotron
— inverse Gmpton
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@ ﬂyo\*dsw
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sint ferms .
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CLOCGCIRON LVE LM TIVITNY rleron _S.Vmb.?.ob . ,, /p— .

Example 1 %Q?du %o% : : o SR _ o
‘ wwA y\.s& mow_qm_ __sss  oBs om0 ..2_8” ,N\A.w M\mm Y
" electy . \ : o]
o N w | time increases t«q& 33\ ol
T 1 () —> () = o)
B
mmu m.—.mnnwmm £
M+n+m
S I R .
May 1994 (days) . :
. Q ) r.F T.¢ | S L — LSS L] . M*Q&QM*-,O
‘ - fluctuafrons

o the _s\mls:
ratk of R?wsih
eloctrons.
(tire 2 Uostichio-
dis (@97

F(t)

— ] ] '] 1 - ] |
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b/t
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: s . 41 v ‘One-zone models: A critique
© Men E

| S — fpin ot 1. Fast variability can be explained only with
« } \ﬂ&\. " | high Doppler factors:
8 | U Con X-may flarz Mkn 421: Flare timescales -
~= . oL | ~few hours (RXTE)
i ¢ elal . .
5 ] ) : \F.B?nwsww ! ~few minutes (Whipple, HEGRA)
R | \ P | - consistent with $~50
Sl AN )

14
(MK97: mu_%l%wm_ :

Krawczynski et al. 2001)

2. Derived loops in spectral index vs. intensity
plots are always clockwise >
Synchrotron/IC cooling faster for higher
energies <> Inherent property of particle
injection at high energies
e BUT sometimes counter-clockwise loops

observed (e.g. Fossati et al 2000)

e One step back (and a way out): replace
the “‘ready’’ injection of high energy
electrons with electron injection at low

. — - energies and consequent acceleration to
_ § /e . S high energies (c.f. shock acceleration in
. o SNR) = advancing thin shock + particle
Seurce. farcrhon o escape and radiation into cooling region >

Q) = GG Y - qwq{ two-zone models
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" e Acceleration zone
e .
£ ?llﬁbm +Bc)r u H_

THE PHYSICAL PICTURE

e Picture as in Kirk, Rieger and Mastichiadis (1998—KRM):
Advancing shock with velocity v; (U;<<c in the jet frame)

Particles accelerate there and escape aoiswn.owa where they
cool and radiate.

+— +—£=05(y - o)

o oy bese
acceleration loss term * escape injection term

term (syner+ICS) " term -

] noo::n zone

_§ + B Je 2L g5 -, (1)

s tose
loss term injection term: electrons that escape
(as above) . from the acceleration zone

o Synchrotron +Inverse Compion emission:
10,7y = [dy. P(v.)f den, (s +2)

synchr./ICS emissivity

Two changes over KRM:
¢ External photon inverse Compton: losses aa spectrum
ceB

E

e

¢ 'Bohm’ acceleration timescale 98 n

e Does the introduction of a new acceleration scheme produce
any different results?
* Relevance to observations?

log (v.F) (arbitr. units)

BETWEEN STEADY STATES -

Rapid acceleration (#;2% o ") of fresh particles up to gy
-> cooling of the highest energy particles first
-> initial flattening of the spectrum

blueline: 1, after the onset of the flare
green line: 3¢, >> \
orange line: 5t >>

black dashed line: new steady state

30.00

20.00
log v (Hz)
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log (E.F) (arbitr. units)

Solution tace—Jese

AMODELFOR A FLARE o N(pi)=a \ = \JV e OG-v) @@&3 u\v
. & . 5° d G
To model a possible flare: 1 — Y
0=0, @ Bort<h I_ for §o< qA u,@u
Q=04 for f; <t<t, . . ro ( L\.?s , .
0=0, forty<t T () = N\F + \.\, ™ o € v
Then the flare is characterised by ?<o p eters: : av.x : v .ron\.ro
1. The change in Q. \E v . ¢ facc \.?t Yo
2. The duration omﬁowcoéorgmnahu&l:v. *\k 1 a = @o\?ﬂ u\o AT wﬂﬁn
If 1 g~ few ..., then there is no time for steady-state to be - -1
achieved -» only time-dependent calculations are relevant. , - : :
Example: 0 = 3Q) for 1, = 8¢, G = (& foe) Evolution of electron
17.00 | { 1 | : 1 | L _ . . . ' IT~¢0 n
olis}ribution func

. . I ZQ.V 8 hw. < .rn .A ﬁuJ

10.80 — ; — , < q . .

16.60 ~

16.40 —

16.20 r

— B
3.00 3.80 4.00 4.80 5.00
log E (eV)
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Flore

. _\M\ ﬁSS

v= "7

Ge) = Ko LTTT8/

[

T ....vq.a- T T -....‘r“l..,-...‘_, L.m.._

_us.ﬁ@ﬂoﬂ = po

Qw s .

in:t}e"n;s}tyﬁ
8

»
,

A\unooﬁ VV ﬁrno

Shoct moves .rﬁr,_o higher
deasiy region —2 higher
number of mvo.*_dxv. in Qmo.mmt

info fhe QR.&@@?:@. process

T T T T TR T Y

-.-—.-;_-.)._vv-.-._.--_.-..

raala s o brs g alesealsan

25

| u,. K am w.
Intensity

4.

5



250CHAPTER 6. SESSION V: PARTICLE ACCELERATION IN MHD OUTFLOWS(K. TSINGANOS)

Conclusions

One zone models:

High energy particle injection, cooling and

radiation.

e Steady state: Fits to AGN ?2'\ data

(various epochs).
e Time dependent: Necessary for flares /
continuous monitoring.
¢ Problems:
High 6’s needed (~50)
No anticlockwise loops (observed!)

- Two zone models:
Application of diffusive shock moon_oamsou in

blazar jets

e MW steady state fits

e Flares: Changes in number of low ozﬁm%
particles injected or B-field

¢ "Normal’ 3-values

e Both CW +ACW loops (depending on
the window of observation with respect
to the high energy cutofY)

ENIGMA INTERFACE
5) Dot modeling : MW snapshots
Cstead( sfate’) or continuous mon ioring
(time -dep ) —> seurce R.Dm:om.rnw |
ﬁ.m K, Yomoes - - u = | ﬁ\r‘é\iu_
2) Particle aceeleration mN-m.os,@ mode [ v
+55C losses 3 interesting Lloring
vmrﬂfocﬁ ﬁ Qo T, ﬁvuq.lﬂ us-ie“_
(complided buct I
3) Tarticle accalemton in MHD o@lﬁoﬁhu
Shock formation with aell specified
Jump conditony —» pox mode | fov~
 shock acceleration —p porticle deste >
/..lVﬁQo_..Qt.\n signatures — observations
- (Hmwm..... hrrwﬂ_.cv.os
ERISMA TF 7 u



Chapter 7

Session VI: The power of jets
(G. Ghisellini)

matter free or matter dominated jets?

accretion versus rotation?

due to environment or to nuclear properties?

FR I decelerate and FR II do not?

251
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Pairs or protons?
Leptonic or hadronic?

Matter or magnetic field?

Acceleration up to what radius?

Deceleration?

-2
Log Ly (10* erg/s)
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7.1 S.Britzen: The kinematics of Jets

The kinemadtics of Jets

Silke™Britzen

Max-Planck-Instituf
far |
Radioastronomie

% LANDESSTERNWARTE HEIDELBERG-KUOMNIGSTUHL

e ey
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Netherlands Foundation

for Research in Astronomy

Stichting Astronomisch FRA
Onderzoek in Nederland

R.C. Vermeulen

Joint Institute
for VLBI L
in Europe * s

1
R.M. Campbell

Home to the Lovell Telescope and v
operations centre for PPARC'S {' B e
MERLIN/VLEI National | Facility 1

T.J. Pearson
A.C.S. Readhead

K.l. Kellermann, R.C. G.B. Taylor, R.C. Vermeulen,
Vermeulen,J.A. Zensus, A.C.S. Readhead, P.J. Pearson,
M.H. Cohen, 1998, AJ 1996, ApJS 107, 37 .
115, 1295 E.B. Fomalont, S. Frey, Z. Paragi,

L.I. Gurvits, et al., 2000, ApJS
131,95

6 cm
VSOP
Pre-launch
Survey

VCS1
Beasley et al. 2002

Silke Britzen TT— 3
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2
- .-

CJF is 97% optically identified

92% of the objects have redshifts (Henstock, Browne, &j®
Wilkinson 1994; Lawrence et al. 1996; Vermeulen et al.
1996; Xu et al. 1994;Henstock et al. 1997).
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II) Very seldom: all components approach the r.p.
example: 0600+442, galaxy, z=1.136

e, ATTar R T B Tienn | map, rmay: BRARLWGR
DA00LLE BE 001 CHT 1956 Aug 18 O60I-HH2 mL HU0E GHr 136 Fab (% DT ub 4005 CHr 1200 Mow 21
T T T T T T T T T T T
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ol N w b o o ~ [ «

o2
o

[ll) Quite often: some approach the r.p., some separate from the r.p.
Example: 2253+417, Quasar, z=1.476

Cloen WL map, drreys BFHELMCPE BFHELMKCPS
3enn 1L map, arrey BSMUZLHCBRPHHRHIO g ke
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Number of jet components:
Quasars

Galaxies

BL Lac Ob.

Unclassified

1) all outwards: Quasars 84%
Galaxies 61%
BL Lac Ob. 81%
Unclassified 100%

D) all ,inwards“: Quasars 3%
Galaxies 2%
BL LacOb. 3%
Unclassified 0%

) .komplex®: Quasars 9%
Galaxies 31%
BL Lac Ob. 10%
Unclassified 0%"
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262

2
redshift

L}
i
=

[1eak/sew] uonow _m.aoa

ICS

Statist

Apparent speeds

I I T 1 <
1 O
_H_ 1
(7] 1
— 1
5 !
=3 |
1
B qsom m ! 7
52888 = al o
2 - = i
SACIERE |
QGBU “
_ o o, Bilo0 o
Om ®| 5 i
o
1
O m o o
0 Mg o !
| m_ u@u mD O |
1
0o opOpgod | O 00
mo B D o
— (Q\]
o
.- ] b el
O
L o
To) (@)
Al ~—
1

[0] wualedde elaq

5

1

redshift



7.1. S.BRITZEN: THE KINEMATICS OF JETS

-
- &

Quasars: 3.9 (5:7)c -

BL Lac gb.: 1.5 (3.0)c

Galaxies:1.1 (3.4)c

Unclassified: 3.0 (2..1)c 3

angular resolution: 30 arcseconds
Energy range: 20 keV-8 MeV/15 keV-10 MeV
P+ Concurrent source monitoring in
X-ray (3-35 keV); JEM-X
optical (V-band, 550 nm); OMC

263
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INTEGRAL

+ Multifrequency campaign

iajor Atmospheric
Gamma Imaging

Cerankow Telescope

flux-density monitoring (HHi IEAM,-
Metsahovi, Effelsberg) + VLBI (VLBA +

& Effelsberg+...

Conclusions:

- tendency for class-dependant source-structures:
- galaxy-jets: more jet components
- BL Lac Obj.: curvature stronger

- 3 different motion scenarios
- galaxies reveal tendency for more complex scenarios

- guasars faster than BL Lac Ob., galaxies slowest sources

=> need for higher time sampling for sources with complex
motion scenarios

=> INTEGRAL + multifrequency campaign

19
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7.2 T.P.Krichbaum: High Resolution Studies of AGNs

High Resolution Studies of AGN

The next step: moving towards
frequencies above 100 GHz

Thomas P. Krichbaum (on behalf of the mm-VLBI team)

Max-Planck-Institut fiir Radioastronomie, Bonn
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The MM-VLBI teams (3, 2, 1 mm)

Bonn: D. Graham, T. Krichbaum, A. Witzel, A. Zensus, et al.
(U. Bach, J. Klare, A. Pagels, W. Sohn)

IRAM: M. Bremer, A. Greve, M. Grewing, et al.

Onsala: J. Conway, R. Booth, et al.

Haystack: S. Doeleman, P. Phillips, et al.

NRAO: V. Dhawan, J. Ulvestad, et al.

Metsahovi: P. Kénnonen, K. Wiik, E. Valtaoja, S. Urpo, et al.

ARO: H. Fagg, P.Strittmatter, L. Ziurys, et al.

ZENITH - TRANSMISSION OF THE ATMOSPHERE
IN DEPENDENCE OF THE PRECIPITABLE WATER VAPOR
m 1m

m
3 2 1.2 ‘ B77 739 445 352
. I I I \

ALTITUDE 2400 m
TEMPERATURE . 283K
SRECIFITAB_E 'WATCR WAFOR

Amn peny

A prae

Atmospheric windows near 3, 2, 1.3 and 0.8 mm wavelength allow to
observe astronomical sources from ground. With large telescopes partly
at high altitudes, enhanced observing bandwidth (Gbit/s) and the future
possibility to correct for variable water vapor quasi-instantanously, the
sensitivity and the quality of the maps can be further improved.
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relative separation [mas]

Longterm Lightcurve of 3C273
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In 3C273 Gamma rays
escape from the VLBI jet
at about 1000-2000

Schwarzschild radii !

with ~ 4 near core >
app

and" r being the radius at =1

268
Component Ejection Times and Outbursts
Id. Ejection Time Gamma Flare Onset of Flare
[yTs] Time of Max.  (mm-radio)
Cs 1980.04+ 0.3 1980.6
cr 1982.44+ 0.4 1982.3
(6::] 1984.64 0.2 1984.2
Cy 1988.0+ 0.2 1987.8
C10 1988.3+ 0.5 1988.0
C11 19895.8+ 0.3 1990.3
Cl12  1991.04+ 0.2 1991.47 1990.9
C13  1993.0+ 0.2 1993.00 1993.1
1993.86
Cl4 199484 0.2 1994.88 1994.3
Cl5 19954+ 0.4
Cl6 1995.8+ 0.2 1996.08 1995.8
C17  1996.0+ 0.3
C18 1997.0+ 0.2 1997.02 1996.8
AL T B
i —™=03+03
This suggests:

apparent velocity *h [c]/ flux [arbitrary]

- s ol

r <0.1mas=6-10" cm=2000 R,

Ejection Velocity and Optical Flux

10.0

8.0

6.0

4.0

20 - *— V-Band -
€@ apparent ejection velocity
4—@ slope of —(0.16 +/— 0.04) c/yr removed
0.0 L L L | L L | L L | I L | L L L | L L | L L
1970.0 1974.0 1978.0 1982.0 1986.0 1990.0 1994.0

time [yrs]

1998.0



7.2.

relative flux [Jy]
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Radio-mm-aptical ¥ariability of BL Lac

Cross—Carrelation Function
{19972 - 1959.2)

*—sopioal-s0GHz
05 =—mopical- 22 GHz
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time ag [yrs]
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A geometrical origin of the quasi-
periodic intensity variations ?

Frequency [GHz]

Time Lag of Peak Flux in BL Lac

10 T T T T
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10" b L
10° | i
W
S
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T
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& = flare 1998.4
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time [yrs]
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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, : for 3C273 (2=0.158)
which are self-absorbed

(opaque) at the longer
wavelengths.

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

How is the brightness temperature of jets changing towards the
nucleus?

The widely accepted
relativistic jet model
predicts constant brightness
temperature along the jet.

The jet formation, however,
can invoke acceleration or
deceleration at the jet base.

log dS /dR

MM-VLBI imaging at 3mm
and shorter wavelengths
should reveal how the
brightness temperature is 70" om
changing.

after Marscher 1995
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Brightness temperature distribution of VLBI cores

15 GHz (N=132) 86 GHz (N=27)

s 53FI0E11 K ¢=10 otk — 0B K =10

T,=5.3-10"'k | M T,=3.0-10""K

Murmber of objects
Momber of ohjects

a 5 e s 20 E £y v] 20 40 50 80 100 170
Brightness temperatnre [10ELD K] Brightness temperaturs [IOELO K]

How does Ts change towards higher frequencies ?

1.1

[mas] =
[GHz] Lobanov et al. 2000
"% Mk4 Fringe Plot 3 0420-014_puthbh, 282-0125 0420-014, VR
. oo o mu\tlhaﬂdudelay (us) EB_VLBA- PDEUHE fgroup W, pol LL

Fringe quality 5
SNR 539.2

SNR=539

PFD  0.0e+00
Jg  Inigtimes18.567

20
T

® ZAmp 29834
2 |B=658 km 0.9 m S
£ £

G

-0.013
o @ Mbdelay (us)
0.007!

B
Fr. rate (Hz)
/ 0 DBROBES
s e ” A e ss0o
—4u10? ErTT o 20170 4n107
delay rate (ne/e) AP (sec) 1.000
= Exp TEO!
. Exper® 1707
o yrday 2002282
B Start 012511.00
Slop 013219.00
w FRT 012841 00
& 18 Z Cor gate:
L E 2002 289162134
J L L L Fourfit date
o B 10 2002:2861 10606
Avgd. Apower Spectrum (MHz) Pastion (J2000)
04h23m15 8007s

amplitude
20
:

10
-
amplitude

S_tot SNR(scan)
8.9 77-539
7.6 122

5.9

a

3 [ B
singleband delay (us)

4.6
6.7 158-236
6.1

3mm VLBI : PdBI
Oclober 8-9, 2002

©U 00U 00U O0U 00U 0U

time [days of October]
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Detection of galactic absorption against NRAO150

HCO+ on NRAC150, 89 GHz
{PdBure - Effelsberg, Cct. 9. 2002)

normalized flux [arbitrary]
(=]
g

|
e
e
—_— %

Lucas & Liszt, 1996

—j I Ilbégglgdélllnl [TTF

|
= VLBI
single dish

-15 -10 -5 0
valocity [Km/s]

||r||]_

] Y Y TR NS R NN B

R B PP

30 -20 -10 0

Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas # 4t Disk

| O EDTARSEROASARRRRRRSIARE |
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS
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NGCI275

GROUND VIEW HUBBLE SPACE TELESCOPE VIEW
(WFPC)

NGC 1275

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

The next slide shows a first
3mm map of M87 (=Virgo
A), which shows details as
small as only 7 light days!

VLBI 7mm
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Formation of extragalactic jets
The small observing from black hole accretion disk
beam provided by mm- Extragalactic
VLBI allows to measure .
the position of moving
jet components with
unprecedent accuracy.

This facilitates the

detection of non-linear .
(e.g. helical) motion and Q 3 A S
allows to trace the PR = Y Magnetic
enhanced jet curvature ’ ‘

towards the nucleus.

The high positional Accretion
accuracy of mm-VLBI he
may even reveal the

rotation of the footpoint

of the jet.

The Quasar 3C 345

cm-VLBI (5 GHz) Superluminal Motion (22 GHz)

1997.90

35 lightyears

1998.02

space-VLBI (5 GHz)

10 light-years

mm-VLBI (86 GHz)
|
|

Core CI0 C9 C8

2 light -years

10 light-years
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3-dimensional magnetohydrodynamic (MHD) jet simulations

Nakamura et al. 2001

The precessing jet gas burner

Fuel injection with a precessing flow reduces NOx emission by

up to 50 %:

orifice\ cylinder\ centrebodl_\,'\1 /li p/}\
Y

Y g

precession

Luxton, Nathan & Luminis 1988
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19700
Variation of the jet axis
30273, 15 GHz

1980.0

1990.0

" A&
A e
Aw
O p—
l" . " “ L] ’H‘

fe X
Eagfart LAY
l\ 4
\ \

B .

\

[high pressure reg

Broad band multi-
frequency flux density
monitoring (from
Radio to Gamma-rays)
plus multi-frequency
VLBI imaging studies
(I&P) are necessary to
better understand the

details of the astro-
physical processes in
and near the AGN !

flux density [Jy]

N\ i
| \(msgnetic ficld ine

o, ‘"

9, Y

§ lf‘ I u

E *ad

2 VL

i b

H \

H LR

£ *—91995.54 Lo

© =2 1996.94 A
1987.04 .

A -—A1997.19

_‘. . pattefn speed: 4.2 ¢
]

longitudinal displacement of the jet hxis

\ 00 50 10.0
relative distance along jet axis [mas]

Longterm Lightcurve of 3C273

T
+— 230 GHz
—s BE GHz
= 37 GHz
= 22 GHz
A 200-400 MeV
%/ upper limits
& VLE|l Components

') N\ Radio

1992.0
time [yrs]
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0
Oser Ver

Sragio decreases \

Clean map. Array:
JET-SCOURCE at

gas pressure driven jet
[

[ high pressure rleg':un b \\\mignetic field line

\
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First Transatlantic VLBI fringes at 147 GHz:
(Aprll 2002) o e iihovi, 14m

i r

= Pico Veleta, 30m

Z\i N

o— :
I

T

Source

NRAO150
0420-014
3C279
1633+382
3C345
3C454.3

Sources detected on the short baseline HHT-KP:
0133+476, 3C273, NRAO530, SgrA*, 1921-293, BL Lac, 2255-282

B : marginally detected on long baselines
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Relative Declination (mas)
<

Preliminary results from
an ongoing flux density

monitoring of 1633+382.

This is the largest flare
ever observed in this
source and one of the
strongest mm-flares.

Arrows indicate the
times of VLBI
observations. The
monitoring still is going
on.

flux [y]

1633+382 =4C38.41
OVV-QSO0, z=1.814

historical maps:

1979.25
st 0

-5 |

1984,
5L

T T
40 1986.89

4 -5t

n L L L L
a -5 5 0 5

Barthel et al. 1995

Relative RA. [mas]

Lightcurves of 1633+382
{(JCMT, Pico, Metsahovi, Michigan)

10 T T T
+—a5GHz
—mEGHE
415 GHz
+—$2GHz
8| A—h 37 GHz i
e GEHZ
150 GHz
— 0230 GHz
S JCMT, 330 GHz 7
¥ W45 GHz, HHT
6 - -
4 5 4
2 '—/ﬂ/" 1
o L. . . 438
1999 2000 2001 2002 2003
time [yrs]

Krichbaum et al. 2002
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Spectral Evolution during Outburst

100 ————— ey S ——

*—® X005
- E—E20010
& 2001.7

A 2002.03
FO¥—F 20215

lux density [Jy]

frequency [GHzZ]

Clean map. Arr
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Il INAp.
it

The compaciness of 3C279 at 147 GHz

(2001 & 2002)

0.8

@ April 2002, HHT-KP-FV
W April 2001, MET-FY
<»March 1885, 215 GHz
sizer 35 +'— 5 muas, V=066
sizer 25 muas, ¥=031

Visibility

0.0 ;

1
De+0D 1e+D8 2e+09

1
3e+09
uv—distance lambda]
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Kitt Peak, 12m

g
j

i

’ "l. L ) =
v %

_ ALMAG4%12m {8 '

WA | 3 . P q
AR
" Plateau de Bure, gxi5m

<%

- vl

VLBI-detection limits at Imm wavelengths

(76 in [mJy])

Sest/Apex| Kitt Peak

P. de Bure

317

388

Pico

386

473

Bima

690

Sest/Apex

921

Kitt Peak

HHT

assume: 512 Mbit/s, 15 s coherence time, 2 bit sampling

expected detection limits:

Pico-HHT—-KP-Bima:

plus P.de Bure /Carma: = 140 mJy

plus ALMA

: 2 10mly

260-1300 mJy

283
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7.3 A.Brunthaler: IIl Zw 2: Evolution of a Radio Galaxy
in a Nutshell

IIT Zw 2: Evolution of a
Radio Galaxy in a Nutshell

A. Brunthaler!, H. Falcke!, G. Bower?, M. Aller?,
H. Aller?, H. Terasranta®, T. Krichba‘

MPIfR, *Berkeley, *Uni. Michigan, *“Metsidhovi
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II1 Zw 2: Introduction

I Zw 2, PG 0007+106, Mrk1501 (
Discovered by Zwicky 1967

Classified as Seyfert 1 galaxy (Arp 1968)
also in PG-sample (Schmidt & Green 1983)
probably interaction with nearby galaxies

Core dominated flat spectrum
Weak extended structure (Unger et al. 1987)

III Zw 2: variability

extreme radio variability with 20-40 fold increase

also optical (Lloyd 1984) and X-ray variability (Kaastra
& de Korte 1983)

* (quasi-)periodic outbursts roughly every 5 years

Flux density [Jy]

1 1 i 1 A 1
1980 1985 1990 1995 2000

(Michigan + VLA monitoring)
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111 Zw 2: Radio-spectrum

* Qutburst spectrum at start of new flare

=]
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T T IIII\I‘

T
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I
b
0
a
o}
o
x
8
3
[

[ L L Ll

5 10 50 100
Frequency [GHz]

(Falcke et al., ApJ 1999)
* self-absorbed synchrotron spectrum
* turnover-frequency ~ 43 GHz (MPS — mm-peaked)

III Zne 2 Lightcurves

Flux density [JI¥]
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Results: I. Extended |

 combine VLA data from all configull'

 extended structure (few mJy) from 1
* bright RQQ or Seyfert, but no FR I

* Spectra of hotspots steep with o ~ -0

T T T T
Hotspot 1.4 GHz]
S rm§i0f13 mly ]

o

. i5GHz |

ARC SEC

Flux density [mJy]

* Low frequencies:
Decay slower than rise
(e.g. 1,=1.6 7, at 4.8 GHz)

* High frequencies:
Decay faster than rise
(e.g.1,=0.7 T, at 22 GHz)

e different in other sources with
t,=1.3 7 at 22 and 37 GHz

(Valtaoja et al. 1999)

0 L ) L
1997 1998 2000 2001 2002
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]

Results: I11. Spectral Evolution

» Spectral peak constant during rise...
* ...then sudden drop in peak frequency...

Flux density [Jy]
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Results: 1V. Structural evolution

[}
o

e compact but resolved
structure at 43 GHz
fit point sources
expansion speed: 1.25 ¢
relativistic jet

= n N [}
ol o o o

o

Turnover Frequency [GHz]

[-WN-Yc] AO o
oo o® o AADD
00

e Y, K

0
1998 1998.5 1999 1999.5 2000 2000.5 2001 2001.5

o

Spearation [mas]

0.5
I I 1 1 1

0.05
1998 1998.5 1999 1999.5 2000 2000.5 2001

(Brunthaler et al., A&A 2000) Date [years]

Right Ascension (mas)

e compact structure at 15 GHz

* fit two point sources
 expansion speed: 0.6 ¢
* contradiction to 43 GHz?

o
(M)

Spearation [mas]
©
o

0.1

005 1 1 1 1 1
1998 1998.5 1999 1999.5 2000 2000.5 2001

e III Zw 2 is optically thick at 15 GHz
- One looks at the envelope

* Optically thin at 43 GHz
- One looks into the source
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inflating*¢ Balloon-model

-
011 pe

“THg98 19985 1999 19995 2000 20005 2001
Date [years

E 1 T
- (32 GH2:0,11 pc)

Intrinsic Tumover Frequency [GHz]

Lol

0_01 il Ll Coal fe jefer &
0.0001 0.001 0.01 0.1

Projected Linear Size

(adapted from O‘Dea & Baum 1997)
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7.4 1. Agudo: VLBI Observations and Numerical Modelling
of the Inner Jets in AGNs

VLBI Observations and Numerical
Modelling ot the Inner Jets in AGNs

=

Ivan Agudd

Instituto de Astrofisica de Andalucia (CSIC), Granada (Spain)
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Overview of the Talk:

Numerical modelling of the inner jet:
Relativistic hydrodynamic (RHD) and synchrotron emission simulations
A mechanism for the generation and evolution of stationary and superluminal

Components

Polarimetric multi-frequency VLBI monitoring of radio jets

Monthly 43GHz monitoring of the radio galaxy 3C120. Application for the
numerical model

The BL Lac 0735+178. Interaction with the external medium?

A scheme for the spectral evolution of non-thermal electrons in
relativistic simulations

Relativistic Hydrodynamical
Simulations

Fr T S e

e ] 7] We are interested in the

-5.0 -35 -20 -05 ‘70
log10(rho), t=0010

JLOT study of the evolution and
variability of actual
relativistic jets

We make use of the
relativistic hydrodynamical
(HD) codes developed by
Marti and Aloy (University
of Valencia)

Marti et al.

The RHD code (based on Marti et al. 1994) solves the time dependent
conservation equations of mass, momentum and energy. An equation of state
close the system of equations.
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Radio Synchrotron Emission Computation

Simulated radio maps are obtained by computing the synchrotron emission
from the HD results.

To do this it is needed:

Distribute the energy among the
electrons, usually assuming a power =—p EUCHEVESPIZE:EENE M R A

law
Magnetic field in equipartition

'We can compute the emission and
absorption coefficients from

3 Eoan
(D = ?‘fﬂ%s sin ¥ N(E)[F(z) + G(z)|dE

Bouin

3 Bman
@ _ Ve . f . d (N(E)
. B sind - E AGE [F(z) + G(z)]dE

Take into account the relativistic light aberration and time delays between
different jet regions. This strongly determines the final jet structure seen by the
observer.

Radio Synchrotron Emission Simulations

Sequence of simulated radio maps

5 Rb

mu;r.___4

The emission code (based on Gémez et al. ‘*‘:\33"!@-‘ :
1995) computes the synchrotron radiation

from the RHD model by solving the

radiation transfer equation, accounting for

all the relativistic effects

Generation of time dependent
synthetic radio maps directly
comparable with observations

Aloy et al. (2003)
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Generation of Stationary and Superluminal Components

Study of the inner jet variability observed with VLBI

The model explains how stationary and superluminal components of emission are
generated (and evolves) as the result of the passage of a strong perturbation
through the jet (Agudo et al. 2001)

The simulation: Agudo et al. (2001)

I ———

+ We start from a fast (I',=4), ultrarelativistic (y=4/3), light (p,/p,=0.001), supersonic
(M,=1.69) jet in pressure equilibrium with the ambient medium

+ Perturbing the model by:
MIncreasing the injection velocity: I',.=4 to I'=10
With increase in pressure by a factor of 2
[During a time interval of 0.75 R,/c

Generation of Stationary and Superluminal Components

Relative variation with respect to the undisturbed steady jet
N . of the Lorentz Factor (logarithmic scale) at t=350 R,/c.
 Passage of the main

perturbation (M) triggers
local pinch instabilities in
the surface of the jet

n

| o
O woa
S [T

wm
a
a
3
oW
=]
L]
[=]
=

[L=]

;

* Multiple "trailing shocks”
appear after the main
perturbation, not in the core

* Trailing shocks are conical
recollimation shocks, in
contrast to the plane
perpendicular shock of the
main perturbation (M).

-
=

SOF . A o at < o)
Different scale ranges in each panel. Agudo et al. (2001)
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Generation of Stationary and Superluminal Components

We compute the radio emission for a viewing angle of 10° for an optically thin
frequency and using a convolving beam of 2 times the initial jet beam radius

Sinuilared Radio Maps of Relativistic Jeis

* Main (fast) component (M), < shock of the main perturbation

* M moves with an apparent speed of ~7¢

* “Trailing components” are produced in the wake of M
and move always at lower velocities

Generation of Stationary and Superluminal Components

° Components appearing Space -time diagram for the logarithm of the mean flux density in
farther downstream show the observer’s frame.

larger apparent motions
(episodically
superluminal) and weaker
flux densities (more

difficult detection) =
Moving components.

» Components appearing
close to the core show

subluminal motions and
flux densities decreasing Mean intensity across slices normal to the jet axis and normalized to the mean
SlOle with time = core intensity. Black lines are trajectories of emission components with more

. than 0.5% the mean core intensity and dashed lines below this value. Red
Stationary components.  dashed line represents a speed equal to c.

This behavior has been observed in several sources (Tingay et al. 2001; Jorstad et al.
2001) and also in our VLBI monitoring of the radio galaxy 3C120
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Monthly 43 GHz VLBI Monitoring of 3C120

* Very active and 3C120 . Gomez et al. (2001)
“close” (z=0.033, 150 ' at 43GHz A
Mpc) 0

Jul’98

Allows the maximum

linear resolution (up to

0.7 pc)

We can study the ‘ RE Jans
emission evolution in

scales of years

Aug’98

Observing program
consisting of
observing
epochs from Nov. 1997 ‘
to Mar. 1999 at 43 GHz .

Contours represent /, color scale represents P and sticks show )

Monthly 43 GHz VLBI Monitoring of 3C120

Components position vs. time
—— -

Speeds:
+ 04.4c
~ml.2¢c
- r0.93¢
-5 0.63c

° @ <
L e e e

Separation From Core (mas)

Goémez et al. (2001)

The head of the component New components:

moves at a constant speed of 4.4c » Appear in the weak of the main
component
* With smaller velocities
* Increasing with distance to the core
* With lower emission
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Monthly 43 GHz VLBI Monitoring of 3C120

Observations
————

=
ok

o

=)
IS N B A s B s s B e

Separation From Gore {mas)

. LA 5 ;
+O%)V ——
o0plloosse=80o0 80fpodao
1888.0 1598 5 1988.0
Epach

Comparison of the observations with the numerical simulations suggests that the
internal structure in 3C120 is plausibly produced by the presence of the trailing
phenomenon

Numerical simulations can provide a valid representation of the actual sources

Monthly 43 GHz VLBI Monitoring of 3C120

22 to 43 GHz spectral index map

Gomez et al. (2000) found jet-external
medium (EM) interaction in the
region at ~3 mas from the core.

Rel. R.A. (mas)

56mez et al. (2000)

The interaction model is
supported by the occurrence
of:

-A bend in the jet
-Free-Free absorption
-Faraday rotation

Rel. RA. (mas)

21

Goémez et al. (in prep.)
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BL Lac 0735+178. Interaction with the external medium?

VLBA at 15 GHz Feb. 1999 VSOP at 5 GHz Jan. 1999

0735+178 IPOL 15353.459 MHZ J0738+17 IPOL 4850.000 MHZ
I

MilliARC SEC
MilliARC SEC

3 2
Milli”.RC SEC

Gabuzda, Gémez & Agudo (2001)
15 GHz VLBA observations show a

) ) VSOP observations at 5 GHz provide
sharply bent inner jet

similar angular resolutions and reveal a
fairly straight inner jet

BL Lac 0735+178. Interaction with the external medium?

5 to 15 GHz spectral index map

e Absorption

N

MIARC SEC

o

Relative Decl, (milliarcsec)

Gabuzda, Gémez & Agudo (2001)

The bent in the VSOP (5 GHz) map is optically thick.

Compatible with free-free absorption
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BL Lac 0735+178. Interaction with the external medium?

5-8.4 GHz RM map for April 1997

Faraday rotation P g e

i O b 2 RM = 7 + 84 rag/m* 1
Faraday rotation found for the first - ' HﬁF—’%i

sharp bend: v oaow

Squars Wavelenth o |

EVPA (deg))

with the occurrence of: .

RM=11%
Jet-external medium model consistent [ ; w .;;M ]

o 20 30

10 20 30
Square Wavelerth (cm)

*A sharp bend ‘ Sauere Wavelnth (om?)
*Free-free absorption

. F ate d P ~Otati y ;
ara dy ro t dt 101 Pﬂz}?‘: g‘-ﬁ.ﬁmﬁn’?ﬁ%ﬁut1165.3170,90% (uoise 1.4 mIybeam)
Beam FWHM 255000 138000 mas a 177000 deg.

5
Rel RA. (mas)

Agudo et al. (in prep.)
in collaboration with Denise Gabuzda

Electron Spectral Evolution Computation

VLA

VLA
» Radio emission produced s
by synchrotron

Synchrotron?

Inverse Compton?
Both?

Particle acceleration?

» To deep in this clues,
A non thermal
electron energy
transport code will be
of special interest.

Marschall et al. (2002)
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Electron Spectral Evolution Computation

(IN PROGRESS)

Accounting for the non-thermal electron energy evolution along relativistic

jets (adiabatic energy losses/gains, radiative losses, acceleration at shocks)

The scheme uses the RHD models as inputs to compute the trajectories of test

particles in the jet. (Assumed that non-thermal particles follow the same dynamics
than thermal ones)
Radial velocity field

Using enough test particles can cover all the jet numerical cells

Electron Spectral Evolution Computation

(IN PROGRESS)

Accounting for the non-thermal electron energy evolution along relativistic

jets (adiabatic energy losses/gains, radiative losses, acceleration at shocks)

The scheme uses the RHD models as inputs to compute the trajectories of test

particles in the jet. (Assumed that non-thermal particles follow the same dynamics
than thermal ones)
Radial velocity field

Through each trajectory we compute the evolution of an initial
distribution function from the jet inlet.
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Electron Spectral Evolution Computation

V,y(poyto)vx(to)

Distribution function evolution: = ,
€ f(prﬂ f(poto) Vp(p,f)vx(”

if mass conservation

Momentum evolution:

dp 1 dln
b == =—— v+
(p) (dt )m, 3(V T

. . dnV : _ 4 2
Volume in momentum space evolution : y L :2£+Z_b with NN
! p_ap

. . . dlnV 1
Volume in physical space evolution: p c dln
a

it is given by the plasma density evolution

Shock acceleration: addition of a new distribution function in the range [p,,, py,]

-q,

(Pt + )1+ )=0Y p€[p,.p,,]

Electron Spectral Evolution Computation

Using the result in the emission
code will allow to obtain wide
range energy emission simulations
(radio to X-rays) of relativistic jets.
This simulations will be directly
comparable with observations.

Applying this scheme for a set of test
particles, covering all the numerical —
domain, we are able to compute the

energy evolution along the jet

s
IRRIRI
B b
o DI
haes

They will be of special interest to
improve our knowledge of :

poooooooon

-High energy radiation
mechanisms

{umdades

Synchrotron losses -Acceleration processes

i1l Ll N B AT PR R
10% 105 10°
p (m_e¥e)

Agudo et al. (in preparation)
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Conclusions

* Our numerical simulations allow to explain how shock waves lead to the
formation of a rich structure trailing components

» These simulations are capable of explaining our observations of 3C120,
as well as observations of other sources by different authors

» The VLBI study of the BL Lac 0735+178 reflects evidences of jet-
external medium interaction

* A scheme for the study of wide range energy emission (radio to X-rays)
and shock acceleration in relativistic jets
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Statistical analysis of bright radio sources at 15GHz
T. G. Arshakian *

Max-Planck-Institut fiir Radioastronomie, Germany

May 8, 2003

Abstract

A revised sample of the high-frequency 2cm Very Large Base
Array (VLBA) survey is studied to test the isotropic distribution
in the sky and its uniform distribution in the space. The sample
is complete to a flux-density limits of 1.5Jy and 2Jy for posi-
tive and negative declinations respectively. At present the sam-
ple comprises of 100 members and 23 candidates, all are active
galactic nuclei. The two-dimensional Kolmogorov-Smirnov test
indicates that there is no significant deviation from the isotropic
distribution in the sky, while the V/Vmax test shows that the
space distribution of active nuclei is not uniform at high confi-
dence level (99.9%). This is indicative of a strong space/density
evolution implying that active nuclei were more populous at high
redshifts, z ~ 2.

*E-mail: tigar@mpifr-bonn.mpg.de

7.5 T.Arshakian: Statistical Analysis of bright radio sources
at 15GHz
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Statistical analysis of bright radio sources at 15GHz

e Sample Description
e Sky Distribution

e Space Distribution

Sample Description

History:

6 cm (5 GHz) survey — 2 ¢cm (15 GHz) survey — 2 ¢cm complete
sample (MOJAVE sample,

(http://www.cv.nrao.edu/~mlister/ MOJAVE /index.html).

The complete sample of 123 radio sources comprises of 101 mem-
bers and 22 candidates. The selection criteria are:

e Declination greater than -20 degrees
e Galactic latitude |b] > 2.5 degrees

e Total 2 cm VLBA flux exceeding 1.5 Jy at any epoch since
1995 (> 2 Jy for sources below the celestial equator)

All sources are:
e active galactic nuclei (AGN),
e radio-loud,

e core-dominated.

Most of them have superluminal radio jets on parsec-
scales.
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Sky Distribution

Hypothesis: the AGN are distributed uniformly in the sky.
e A(a) = const - uniform between 0h and 24h.

e D(J) = sin(d).

Method1: 2D Kolmogorov-Smirnov test, P(a,§).

Result: No significant deviation from the uniform distribution.

Data: Zcm survey

Declination

Right Ascension
Simulation: uniform distribution

Declination

Right Ascension

Figure 1: Data: the distribution of 99 AGN in the sky. Simula-
tion: the uniform distribution.

3]
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Method2: 1D Kolmogorov-Smirnov test.

¢ Declinations - no significant deviation from the sin(4) distri-
bution.

e Right Ascensions - uniform distribution can be rejected at
99.92% confidence level (Table 1)

Table 1: K-S test for Right Ascensions of AGN.

Redshift Number Confidence

range level (%)

1.3 1.9 13 99.63

1.3 2 15 99.92

1.3-2.1 18 99.62

> 1.3 24 91.90
6

Data: Zcm survey

Declination

Right Ascension

Figure 2: Data: the distribution of 15 AGN in in the redshift range
between 1.3 and 2.



7.5. T.ARSHAKIAN: STATISTICAL ANALYSIS OF BRIGHT RADIO SOURCES AT 15GHZ315

Space Distribution (V/V;4z)

Hypothesis: A uniform distribution of AGN in the space.
Method: V/V;y, test derived and valid for complete samples.

e V - is the volume of space enclosed by the redshift of the AGN
having the certain flux density

V/Vmax test for the MOJAVE complete sample

e Viax - is the maximum volume of space within which this
source could be observed and still be included in the complete CB’WWS EN:5§;
L Lacs (N=1
sample. ol Galaxies (N=7)
e Theory: ‘< V/Vmax >=05and o = 1/\/T2 ‘ s
e Significance of a difference between < V/Vyax >¢ and < éc
V/Vmax >obs- ; -l
£
Results: ‘
Z
Table 2: V/ Viax test for 88 AGN (H = 70, ¢g = 0.1). o 722226222 7
0 0.2 0.4 0.6 0.8
ID Number < V/Vj.x > Standard Confidence V/rmox
error level (%) Figure 3: The distribution of V/Vj,.y statistics for 88 AGN
Q 68 0.64 0.032 99.9
BL 13 0.64 0.07 75
G 7 0.57 0.12 16

Quasars (or jet activity phenomena) were more pop-
ulous at large redshifts, z = 2.

8
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Luminosity — V/Vuax dependence: Table 3: V/Vinax test for low and high luminosity quasars.

e 35 low luminosity quasars, Pis G, < 102784 W Hz~ L Pisgn, Number < V/Vj.x > Standard Confidence

error level (%)
: N 27.84 -1
¢ 33 high luminosity quasars, P5qn, > 10 WHz . Low 35 0.68 0.04 99.98
High 33 0.59 0.05 95

Student t test shows no significant difference (P = 84%)
between the average values of V// V], for low and high luminosity

10

ol 4 quasars.

Number of sources

More statistics needed to resolve this problem

Number of sources

[

V/Vmax

Figure 4: The distribution of V/Vj, .y for low and high luminosity
quasars.

10 11
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7.6 B. Sbarufatti: Spectroscopy of BL Lac objects

Spectroscopy of BL Lac
objects

Boris Sbarufatti, Universita dell'Insubria

Renato Falomo, Osservatorio Astronomico di Padova
Jochen Heidt, Landesstenwarte Konigstuhl

Jari Kotilainen, Tuorla Observatory

Aldo Treves, Universita dell'Insubria
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Spectroscopy of BL Lacs

*BL Lacs characterized by lack of spectral features
eStatistic of BLL redshift
*Results from recent observations at 4m telescopes

*Our program for VLT

Properties of BL Lacs

Extragalactic radio sources (compact flat spectrum)

Strong non-thermal emission (from radio to.X and gamma)
Featureless optical continuum (very weak emission lines)
Flux variability (large amplitude and short timescale)
High and variable polarization

Superluminal motion

Nuclei of massive elliptical galaxies
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The majority of AGNs show an optical spectra with
prominent emission lines

Composile B30 spectrum
TR I R T ST | B B I B

N

Flux [arbitrary units]

\mv,ﬂk,%[

|
4000 5000 6000
Wavelength

The most relevant exception are BE-Lac objects, characterized by a
featureless optical spectrum.

6000 Y000
Wavelength
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Redshift determination

Because of the absence of spectral lines, redshift determination for
BL Lacs is a difficult task.

Indeed, only for half of the BL lacs candidates (about 600 objects in
the Véron-Cetty & Véron catalogue) the redshift is known.

Without z, we cannot estimate the distance of our sources and derive
the main physical parameters.

In the recent years, we have started a program aimed to
determinate the redshift of BL Lac candidates.

The critical parameter for redshift estimates 1s the:S/N ratio of the
spectrum.

Simulation of BL Lac spectra clearly shows that increasing S/N
level even faint spectral fetures become visible.
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BL Lac simulated spectrum: £ = 0.8 nucleus/host = 80 3/N = 80
75 CEEE B B T A A L S A B : : | P R T E
[=] p
A
W n ]
E 65 -
B [
60
55 F
50 3 PR SR R RN SRS S U U SRS SR NS S S SR RN M S R S
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BL Lac zimulated spectrum: 2 = 0.8
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nucleus/host = 60 5/N = 3200
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o =3

L F
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The 4 mt telescopes program

With 4 mt class telescopes (ESO 3.6m, NOT), we have carried
spectroscopic observations of BL Lac candidates.

S/N level varies in the range 60-180, allowing us to estimate the
redshift for sources brighter than m = 15 mag.

PKS 07544100

(o]

| | 1
3500
Wavelength
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However, for fainter sources, we cannot estimate redshift even with 4
m class telescopes.

PKS1722+119

®

I ol @@L
4000 0000 6000 7000
A(R)

The VLT program

So, we need to reach higher S/N ratio

The solution is to use 8 m class telescopes, such VLT.

18 hours of allocated time in service mode for period 71 (April-September 2003)!

07 April: First observations executed!!!
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BL Lacs and unified AGN
models

BL Lac phenomenology is dominated by a

relativistic jet closely aligned with the line of
sight

parent population - large number of
intrinsically identical objects with jet oriented
away from the line of sight

®s
o ,Narrow Line
Region
Relativistic jet aligned with line of sight: el L
relativistic enhancement of nucleus Region
power

. s Accretion
Galaxy light diluted by nuclear emission Disk

!

Obscuring
Torus

Featureless optical spectrum

Difficult determination of distance
by redshift estimates
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7.7 C.Raiteri: A helical jet model to explain the Mkn501
SED variations

HELICAL JETS

Jet bendings are observed in radio-loud AGNs and are
interpretable as projection of a helical pattern

Orbital motion in BBHS ?

MilARC SEC

« | Space
o | VLBI

Mkn 501

v T
c) VIEW ALONG LOS

S G Precession ?

Y - Parsacs
0

=50

T R o 50 1o | VLBA
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A HELICAL JET MODEL TO EXPLAIN BLAZAR VARIABILITY
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A critical test: Mkn 501

Mkn 501
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7.8 M. Camenzind: Quo vadis Blazar Jets? Steps towars a
Global Understanding

Quo Vadls' ;

LSW Kénigstuhl
EI\!IGI_V!A @ MayschoB
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A Roadmap of Problems

P1: The Host Galaxy and its Black Hole.
P2: Are Jets launched by the Ergosphere ?
What we learnt from FR ll/Quasar Jets-Models:

I | (i-e, ee, or both)

! [Nature of kpc-scale knots.

P3: FR I/BL Lac — M87/Cen A as archetypes ?
P4: Traversing the Bulge ...what you observe in
VLBI-mapping and monitoring !

P5: Magnetic effects: Torsional Alfven Waves,
Current Filamentation and Particle Acceleration
[Palette of different codes is needed !

P1: The Host Galaxy, its
Black Hole and its Environment

- Information required for individual sources:

- [Black Hole mass M, ~ Bulge Mass and c*.

- [Black Hole spin a, is completely unknown !

- [Bulge mass Mg, known for a few examples.

- [Gas mass in bulge (parsec-scale, question of dusty torus
etc) largely unknown !

- [Relative accretion rate partially known !

- [Mass ejection rate ?

- [nclination angle towards spin axis ?

- [Magnetisation of BH largely unknown !

- Except for some well observed examples: M87, M 84,
Cyg A, Cen A
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GALAXY SAMPLE. Marconi & Hunter 2003
Galaxy Type D Ty Mgy [+-) Ref Ry Na Mg M, My My R My
18] 2 (3] 4 5 1] 7 [B) 9] floy Iy 1y [13) (L4
Group L M,,,. ~ R, sigma’

NGC4758  She 72 W 39plolxle’ ml 028 71 -172 209 oo -Z4 0824023 L1403x 100
MET EQ 61 375 3400,L0x10° gz LW 13 215 248 152 -254 64416 62417x 101
NGC3LLS S0 97 20 91P9ZExle® 3 LS 15 -M2 235 M2 M4 47412 L7Losxiof
NGCH649  EL 6E 385 200408 x10° s+ 07l 14 213 249 -85 -258 El+20  s4£22x 108
MBL sh 39 165 76@2,Llxl’ g5 06 13 -1§2 231 M9 Ml 14409 64£LEx 107
M+ EL B4 2% 102006 %10 g6 055 Il -2L4 247 -BE 257 B2471  so4l4xigd
Mz EZ 08 75 250505x%10° =7 049 97 -I58 -89 -197 -85 0244006 9.6426xL0°
CenA 50 42 L% 2436L7)x10" gE 225 90 -ME  23F M3 S 16409 S6£15%10°
NGCH97 B4 17 17 L7R200x10® s+ 04 82 -M2 739 M5 46 91423 20405% 10"
IC1459 E3 M2 M0 L5(U0lOxl0® 9 03 7B 2l4 4B 353 259 E2420 66+LEx 108
NGC5257 50 %E 190 LOp204x10® glo 025 51 -ME 44 B2 356 97474  24409% 10M

NGC2787  3HO 75 40 4lp405x10 gll 035 50 -173 204 2Ll -2l3 0324008 44k lawx Lo

NGCH34 52 9.8 240 lofloomxl® el LS 50 -2l3 42 M8 254 Sl4l3 20405x 10"
NGCH08 B2 »9 1B 19008 xI0® s+ 02 44 -199 234 MO0 HL 0 43410 99+27x 100
NGCIMS 50 D9 205 210505 x10° g3 02l 42 -96 224 ‘L B3 13403 3941l0%10"°
NGC4ML  EZ X2 M2 AUEEZYx1® s+ OLE 36 196 231 -7E -1 23406 95425x 100
NGCIWT  ES 112 145 lopeolxio® =4 03 36 -l90 227 -5 D6 S4+l3 7EL2Lx 10
NGCH73  ES 157 190 LlIp40Bx10® s+ 017 34 -89 231 .mE -BE 28407 494l9x10°
CygnsA E 40 M 290707 xW° gld Ol5 29 -2L9 264 %9 -73 3148 L&+10x 108
NGOl B2 36 315 S52(10,L0x1® gls 015 29 -2l 246 254 256 6516 45+12x10f
NGC4564  E3 150 & S560308xl07 s+ 0O 25 -89 225 -1’3 B4 30407 S4klsx1o”
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NGCI39  EL 06 208 lop&0sxw® &7 oM 19 -199 231 -:’F M2 29407 8542ax 10
NGClZ3 S0 114 205 440505 %10 sl8 008 L& -lB4 226 -3 735 12403  344009% 100
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MBH (MG)

£y
()]
N o)
£
s
Pt

all sources !

. Are Jetstlaunghed by the
WJ.E‘ p

B

* hot plasma "qttflgc\;v;a?‘/
' -‘lls there @ dynamo
the horizons? "

» Magnetic energy
extraction understood !
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Poynting
Flux
driven
by
Ergosphere

02 04 06 08 1.0 1.2
R/ 1y

Formation of extragalactic jets
from black hole accretion disk

Extragalactic

Magnetic
field lines

Accretion
disk
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Cygnus A: M, ~ 3x10° M., M, ~ 1x10"> M,
Kerr parameter a ~ 0.95 (?)

Radio map is not
the full story !

P3: Cygnus A — a Jet in interaction with its cluster galaxy,
jets are young (25 Mio yrs),
environment complicated

Cygnus A Lab
(with M. Krause) Explained by Sedov phase

in cluster gas

Bow Shock: elliptic

Jet Heads
are

breaking out
Cigar phase
at later times
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P4: Fundamental Plane for Jets

(53

Ea
(=]

< Krause (2002) -}-><--- Norman (1983) --->

Mach number

CHH Jets|

Pc-scaie

| [3¢273
: Jets in: Sphero:ds

FR I Jets

1138

f—f . HHJas

3C Galaxies
form a time-
Sequence

Krause & Camenzind, LSW HD
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P5: Traversing the Bulge

Blue: X-Rays ffransition
Red: Radio similar to M87
knot A

Inner Cen A Jet (Hardcastle et al.) Bulge

Stellar

D u Sty Spheroid
Torus A

i N Dusty Torus
has steep wall

Quasa  Onermal 1R

is missin D)
in FRIS

& BL Lacs

@ Camenzind 2002
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Achievements in the next 2-3 years
- Time-dependent Simulations

[Presently, we work with non-relativistic MHD codes
{ ) including cluster-gas interaction (atomic
cooling) [M. Krause/SFB 439] with applications also for
Balbus-Hawley instabilities and outflows in disks.
[Bpecial relativistic 2-component MHD code for structure
evolution on pc-scale and kpc-scale jets (based on

, including stochastic particle
acceleration for e).
[Kerr MHD code for the simulation of time-evolution of
hot disks and outflows near Black Holes
Epresently we have codes for non-rotating BHs [Hujeirat])
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7.9. G.KRISHNA: COMMENTS ON S5 0716+714

7.9 G.Krishna: Comments on S5 07164714

LJUITT CYCLedS OF INOV

max min

Amplitude 4 =[ (D -D %...»L %

N Nights ¥<3  ¥>379
RQQ 7 29  ~1s% —
LD@ 7 32 ~15% -
CDQ-LP 4 17 ~15°) -
cbg-HP 2 8 ~107, ~50],
BL Lacs 6 26 ~ 157 ~50/, |

MAIN INFERENCES v
1  Relativistic veou may also be prasumt in ReaQs
(on optically amitting s, prsec scales) v

J«v Zom<o.¢.._o: ..mo.\ meve Senad tive 303.:..?11% of Re@s

2 Roadio loudness ( net aven a .?P» nvnnﬁ«s:s;v r& ,
_u<9n¢._nP..€ NO Covrelation with INoV .

3 ﬂi«:?ﬁf Link o} INoV s wilk oTT.n&. voF...\.,N»?.os

A INTRA=NIGHT OPTICAL VARIAQILIT)
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7.10 G. Ghisellini: Power of jets
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Preferred model: IC off CMB
photons

Requires ['~10 up to 100 kpcs

Most economic model

Energetics in agreement with y-ray
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Jets are powerful

More powerful than L5, .

Model invoking pair cascades have problems
FR II do not decelerate

Clumps both at small and large scales
Matter dominated: internal shocks

Matter free: electromagnetic jets

We need ways to distinguish
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7.11 M. Xilouris: The 2.3m telescope ARISTARCHOS

The 2.3 m telescope “ARISTARCHOS”

INSTITUTE OF ASTRONOMY Al
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General presentation

The Site
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Cloudiness (yearly): 33%
Temperature range: [-15C .. +30C]
Seeing (median): 0.7”

The 2.3 m
telescope site

Cinzano et al., 2001, MNRAS, 328, 689
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Optical system:
Primary mirror diameter:
Focal ratio:

Field of view RC-corrected:

Field of view uncorrected:
Image scale:
Image quality on axis:

Telescope and mirror.
JEISS — JENA
(March 2003)

OPTICS

Ritchey-Chretien

2280 mm

f/8

1.04 degrees (321.6 mm diameter)

10.01 arcmin (52.8 mm diameter)

1" = 85 microns

<0.35" (80% encircled energy, 350nm - 1000nm)

2.3m TELESCOPE - OPTICAL SYSTEM OVERVIEW

# 52,8 FOV

PIZLSFOV

13000 | |

3660.2 - 1711.32

300.00 | .
. " Pt e

SESSION VI: THE POWER OF JETS (G. GHISELLINI)
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FEATURES OF THE TELESCOPE

e s i 2.3m Telescope - Acquisition & Guiding Unit

/rnudule 1

PERFORMANCE OF THE TELESCOPE

Scientific Instruments
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Phase I instruments

Manchester Echelle Spectrograph

CCD Sensor: SITeAB, back-illuminated, Grade 1

CCD Format: 1024x1024, 24micron (0.28")

Grating: echelle 31.6 grooves/mm

Resolution: 6 km/s (70 micron slit)

Wavelebgth range: 3900 Angstrom - 7500 Angstrom

Performance: High resolution spectra, Low resolution spectra, Imaging

The MES currently installed at the San Pedro Martin telescope in Mexico

Phase I instruments
ester Echelle Spectrometer

SITeAB, back-illuminated, Grade 1 Model:
1024x1024, 24 micron (0.28") CCD Sensor:
echelle 31.6 grooves/mm CCD Format:
6 km/s (70 micron slit) Coating:
3900 Angstrom - 7500 Angstrom Cooling:
High resolution spectra, Low resolution spectra, Imaging Filters:

ULTRACAM - currently at
the 4.2 m W. Herschel telescope at Mechanical Design Optical Design
the Canary Islands.



Chapter 8

A.Marscher: Multiwaveband

Correlations

MWUWITvWwavVipovwa LWOVere IaTiOng
Alen Marsches (Boston u, Usa)

PENIGMA 3p7 adviser

ENIGMA  Collabpr ﬂqum

Torino Obs, n<..=.+o.. n’..r....v
ansaa’ Ovs. (Tost)
Georgia (Xurtanidae) (Ques:-Enicma)

Metsa hov) 0930 A<0>+'oa’ etal)
Covrk haareﬁbﬂv

QOu*os [V Q!ﬂ"“ﬂuﬁ..—d.‘
Jorsted, Sekolov

Qthees quilty by as3ociation

M. Aler, T. Me Hordy, P. Switl,
M. r.u...? J. Stevens T. not.z,o..sa

wW. ﬁa!.. H Dcfuos ) M+o$’.3h~
J.L. ﬂm!nw T. W&osox M. ﬂouka:
u. Zor_a Im ?.:2. V. rps.os....(

357



CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

358

BLAZAR .:w._. Q

Av CLOUDS _H_

HP

ACCRETION DISK AROUND SUPERMASSIVE BLACK HOLE

BL Lac

ﬁ VLBA/7mm
2
199823  1998.41 1998.58 199876  1998.84 199912  1990.32 199956  1999.76
,
0
0
2
0 o
[ ) w o
o
° ©
-4 \ _ \ t
1998.17 199837  1908.54 1908.75 1096956  1998.13  1999.31 1899.73
3 4% 10 4 RIS 4 9% 3 7% 5 4% 5.3% 2.1% JCMT/1300nm
e .
0 5 10 15
Rel. R.A. (mas)
VLBA/Zmm
2
1999.93 200007 200026  2000.54 75 200096  2001.08  2001.28
0 O W 185
4
4 \ / / / mdJy/Beam
“wwwwm moowM. 8,88 .W%od 2000.92 w.%d.om 2001.28 JCMT850rm
. " e aav, 9.8%
o 4% 35% 3.2% 56% OPTICAL
0 5 10 15
Rel. RA. (mas)

Stel: Tng etr al. (2003, MO RAS)

Torstd 2t al. hNWOw



359

FLUX (10! erg cm™2 s-t)

F,(Jy)

N O~ MWD

N wes Ve W W\ 14-“1‘ 14 vy Yeowms "duc‘adn*

Y .X-z% 90&)( .+J Cout not Cract ﬂo!-awlra&

* Su ooqf.tis.- oena.?os

m_ T T T T — T T T _ T T _ T T T T — T T 3
= BL Lac 2-10 keV waemv + 3
. E
E W o 3
A RN E(\ x.....t..ﬂ =
20 3
”_ ] _ - _ — - - - L} _ “ “
A % ﬁ E
3 E&f 1
-ttt ——————————+— E
ml R-Band ?:.3.! Balonek; squares: Villata et al. 2002) lm
: v : E
3 ) &
B L e 1
| ) i 1 | } ! Il Il | Il L ' 1 | f i 1 1 | fl 1 E
HIA— T T T T — T T L] T _ T T T T ~ T T T T _ T T =
E 22 GHz (Metsahovi) _w, E
- (o -
3 * L) E
et T
- * et 3
\— 1 i A A _ 1 1 1 1 _ 1 i 1 L _ 1 1 il il _ L 1 m
999 1999.5 2000 2000.5 2001
YEAR

Flux (10-!! erg s™! cm™?)

F,(Jy)

F,(mdy)

VW

—

T T

T T T T T T T T T T T T T

_UHAm 1510-089 2-— mo Wm< (RXTE)

: if iggi E
w“;ﬁj»»ﬁ_fﬂ_ N L T i
3 14 m\mm\mq omN (UMRAO, zma:wyosv E
. ,
F & @° o ]
”o s 06 ‘-' oo. v (*fn s o -
. 98
3 ¥
SN SR 1. & AN PR L = BT P, SRR =
. . V Band (Torino, Foggy wogosvm
- . 4
n ' . ]
C ’ " ]
Y%, " M ool fk =
C o ]
180..\ 0 1998.0 1999.0 2000.0 2001.0 2002.0 2003.0 7
¢ N YN AT I RIS R B
500 1000 1500 2000 2500

Julian Date — 2450000



CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

360

DCCF

St cony 10&.3\»?1.4 correelotion

1997, 1993 , 2002
Radio \eads by ~ 2 weeks

PKS 1510-089

-—.--—-_-—_H,n,*,.m,,/J.- ——
3 . v

(2.4 - 20)keV - 14.5 GHz

| —97/98 * - 1997]

R 98/99 4 - 1998]

| --199/00 = - 1999

- —_ ~ -

L _HW&U_ —ﬂg_“_ _ 111 _ 11 —,_ 1

-40 -20 O 20 40
Day

-05 [ —o00/01 e - 2000]
[ 01/02 + - 2001]
[ = - 2002]
-1 L Trayslead | 1]
-40 -20 O 20 40
Day

twn

(2.4 - 20)keV - 14.5 GHz

10}

1510-089
i. VLBA/7Tmm JCMT/1.3mm
OPTICAL

@A 9
@ (
\ 8.7% 1908.17
1808.23 q
0o
s 09 .

1510-089
JoMT/0.85mm - .
OPTICAL

VLBA/7Tmm

¥
.

10+ 0
0
1909.12 [) @ 2000.96 ’
4 @ / 4.1% 1900.12
0 )
. 1.1% 2001.05
1o .0 | 20% e 208 \v o]
o0 S
0 Q 8
1900.55 0 2001.28
0, ‘ 148
& mJy/Beam
1020.76
._ s . .p 14
4 0 1 2 3 4 1 0 1 2 3 a
Rel. RA. (mas) Mot RA. (mas)



361

FLUX (10-!! erg s-! cm-2)

10

- S B Y Ay A bR R - )
= 1 tiwmescales O-wmpxn 3
° (|
1S-20 day CEHical leods
| L A R I B S E L T

I 3C 279 2-10 keV ' ] - ﬂh Onet-te-0ne Core ouﬁosmosoa
II ‘ .|l T T — T T T _ 1 ) 1 _ ] _.nﬁ T T T _ )
i ¢ ] 1~
- : 4
L AN 1
L ( _
: wf. ‘\ oh 3 % ”

11 _ r. 1% 4+ s _£1 £,
i C o . L o
- R-Band Optical - a
- (Balonek, Tosti) .
n . ]
| [ ]
- . - ]
B w . X—-rays lead R-band leads
i p (2.4-10) keV — R band
|0. 4 N _________________._._
R 9 x t ] -0.5 — ~
i ._n- ?\. Ny 40 20 uo 20 40
1998 1995 2000 2002 ay

YEAR



362 CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

F (mJ
Amiy) FLUX (10! erg s™! cm™2)
- N .
o o o ) o (S IS
I. LI l T 1 L] T ] T L T I T 1 I T T 1] I T L] L] I L} T T
]
8|} ,
Sle. 4 X
—-[ e —
ENR K Y ;
e 4 Y i
> £
! LV Caa, H . W |
-$ < % Q
o ! i )
R w 4 L 3 2 A
sl . AN ©
L, (o) -~
> - - I
e £ 4 ko] / —
| &, hadd £ T g © 7
' o 2,
’ [+ & L3
- 3, -1 X <
O. - <
% e ® -
i - 1 g i
) - - -
8 = -z}l 3 * - -
- . » o
> - - - -
el l ST |48
-~
| S
‘ 5 4 J
| 1 1 l 1 y ] A 1 I 'l 1 L L I 1 1 ’ L L i I L L 1 l L 1 il
F, (mJy) F, mly) FLUX (10-!! erg s~! cm™2)
Jv & o o o 8 & 3 - o ©
w T 7 1 LA LB LI I § L) T LI B T T T T L) T T T T
g[ T T T T T T T T T ]
®
i ,8 1 To 1 -
I o | ~p —.—
. [o} ~ T 7
ol [
al =1 : ] = ]
[~} o o [ ~
g o = — Q
L . g 4 L Q|
i < | g ]l - 3
: : E] — ¢
£ | 2] [ —  »
o 4 |
4 g 3 8 T —_
gat ] oT 4 —e o |
= X-21 * o ~
& g+ T e O
| beXE T - = R
~~
g * 4 4 g_ d e
o o « %N gy — -—
Sa g 4 *—a 4 ———a— 3 g
I - iy ~
8 @ i'j w T @ mee— =—e— 40
-G -Qut- A
o 0 . 1 1 = e
2 * - —_—
3 i + + —_—— 4
o & 1 1 i
r’ ) ——
% ‘ — 4 —e— —
o 4 4 4
————
Jo1_1 l i1 I d.t 1 l P | I-- - ‘ 1.1 1 ‘ 11 1 ] l—— 'l 1 I ' - 'l l Il L.l ]

""‘c‘.'a'“: ai-hau/p:;.}lo/&u. %



363

WKhnaas5av

JCMT/1.3mm
OPTICAL

< 25% 198817

& ®

6.9% 1988.90

= -

~o2% 1909.13

~_B6% 1899.31

/ 6.9% 1998.73

=

- e S

VLBA/7mm

1969.83

g
3

Fre

g
g

10}2000.75

rre

3C 279

o

JCMT/0.85mm
OPTICAL

9.1% 1999.98
~

@
¥
¥

jo=

. @ 24.5% 2000.92

N

@ 10.8% 2001.05
oY 29.8%2001.29

AN

ow o
6.7% 2000.25
~

Rel. R.A. (mas)

Distance from Core (mas)

T _ T i 1
3C 279
Polarized Components’




364

CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

2661 jo sheq

(74

oy

(1]

(1N) 6661 yorew jo sheg

St

Janskys Janskys Flux (mly) RXTE counts/s
8 8 85888 883 88 & 8 8
T T T T T TP T T T T
T »——01—4 l__l B AR N 1 1 1 | I j
—a—
() — = .‘( w
R L] Loy L
3 3 g 3 O
(=]
. 17~ B 1Y 5
g <
" L)
b, 1
i T ] T - T - i
H—Q._H » -*
L . - + " H 4 o -
—a— -‘
: | o=
I —e—t T T — T o] b
et - N a
; s -
- —e— — —t— &—.—- n —
“ " N
e
L 2] he J‘.
| laay 4 -] - ]
-
et et et r
et -. i
L
L o 4 e ] 4 . J
—e—{
—
L =4 e 1 4 . -
——{ 8-+
——
IS N o = o w A B IV FYRTI AYRT1 FRSTS RAVE AYAT1 (NA SNNNY FRRNI ARURE RN NENEE SUNEE FUR W W)
RXTE counts/s (3-20 keV) K-band flux (mJy)
8 I\ N 3 8 8
L B B e L e e e e o e e HELE
L . 4 J
-
T LN ] - )
+ » - + E
H
- .. — —
-
- + i
L)
- T oy H A
'. T - w i
- et
- . + - 4
[} .
i . = 4
= -1 - o
. o 1 . "
- . T
2 + 4
o~ - -
L . 4 4
el [
L -, 4 4
-
n -T -
- - - -
VRN S TN AN R ST YA NN YOS T S N W S TR TR R S U S W Y R SRR G

Evrann L1 >¢ M'”G

W L) (|2 43 “esmoy

E’Lz’ 5S¢



oo

4 o

sy

B

EAE TW

yvaa

82°2002

¥2°'2002

92'2002

£'2002

'8002

1002

Qg FLUX (10! erg s™! cm™2)
o o o o o - o W
5 0o ®» % @ o .o o o

T T[TV T[Ty YT T oors

3[ o
8_ %ﬂ- T
L o |
m "‘sh— ] 3
L + o ]
L 4 .
t\)— 4&‘ <+ t|0 ..“}.. .
e N L J
ar -~ + o %
®| 1 § . o A
< 5 4
- 4+ o~ .
%N- 1 g ’o. . |
e >
® [ T . N
(S o —— T ® B

€002
+I
)
\
2

- ERT L]
| s W

LELBRERIN BRELER BLEN BLELELILEN B

N- - -1
8 Jll’lllllllllllllllllll llllll(llllllllll
@
o)
F, Jy)
o Qg FLUX (10-!! erg s! cm™2)
) @ o o IV
o & - P 2 o o 8 & 8 &
L L L l T 1 T ' LI § IIIIIIIIYI1|II 'IllT'llll'lllllllll‘llll
| o T 1 i
. 3& —— -
- AN 1= i -
= - -
B 5 + 4 4
i s | —~ ! . ]
L o 1 * h
o T (2 7
7] Q
- N -t —
—— . ?a
- - m - >
- e 1 — 1 i ¢ J
-~ == - ’—g'
| 1 —~—— ] PN ll‘) ] —
eoe — e —— < o ~N
- es » -T- t"ﬁ— ‘ x = 8
- e ¢ A
- Qe > + ———— + L 4 Py -1 N
[ T —eet—— T 7
L ¢ o —w— | =] ¢ 5] ]
— - —t— [ ] -—Ia
3 T T b e
—— . °
5 + 4 4
3
L 1 1 . 4
'R I RS ST W I R TN EENT-- = INATSNATE FNETE SRR L SNNY FNNTY I




CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

366

ag

visarmm 3C 273 joum 3mm visazmm 3C 278 jcvmi0ssmm
s OPTICAL L1 OPTICAL
— 1888.23 27% 199847
ﬂ-‘ m [ T T T T - L} T T T _ L) .— ¥ T — L4 L T T — ¥ T T T J _
g - ] .
S 8L 3C 273 2-20 keV (RXTE) ] v Q@
.mb ’ m ¢ + m 105841 1.7% . 1999.98
2 1.6 - ¢ t ]
v C 7 20}
s 14 :{r R ¢ E 9
s | IS ] _
~ 12 - * ¢ - :
2 - B 4.0% | 200025
w 1 oo e e T 0
F ” T T T Ll — L L] L] T — L T T T — T T L] A — Ll L] L T ” o@
09 [ * 3
” . “ 1998.76 2000.54 9
0.8 ml + + + l“ 15 . 5 g 33% / 2000.60
0.7 F + + + + * - 1998.94 0 2000.75
[ + h 6.7% , 1988.90
: } ] po o 7
0.6 - -
F—+—+—+—+————————————————————+—] : ,
o ] 1990.12  ff I
o1 b JHK ?o«o: Obs.) 3 02% . 0%~ 200082
. 3.7 1969.1
: +TIRGO ] " b
0.08 + =
o . ™ ] 180832 m.w“”w 2001.05
0.06 - ‘01’ . - 34% 190031 2.5% \ 2001.06
i o..c townrs ] -
004F 4« i } 3
o [ W A i | { ] 1999.55
o.om L 1 4 ' 1 1 i L A 4 1 L 4 A 1 'l 1 A L 1
52700 52710 52720 52730 52740 52750
Julian Date — 2400000 of . oax. 200120
. 19989.76 0
M.Mo\a\ 1960.73
mJy/Beam
8 '
o4
Y RO T ) . A
1 o 1 2 3 4 -1 -] 1 2 3 4
Rel. RLA. (mas) Rel. RA. (mas)



367

274 are Tweee u._.asu corrciaT™ong
but net one-tv-0ome Correspondence
betweea X=reay + lowerV variatims?

« SSC 1s Vﬁﬂ.&l!!%

- 5eed photons frow Several decades

o€ Eceguency

. M4Sor10?d$ Knets are ﬁas_s?..sn
Steatified C(perkicles ave acceleveted
ot €ronts, then advect away from

hq.‘ Sh. av

How Caw
X-vray 1 |
. _....ur._.-._z.o.:_ effects n SSC.
—seed photous wneed +iwme to travel
to each un.:nm.d electron |
. xJ_..J “2omne"” caw be &1 ffevent €von
Sywcheotron “ 2oune” at o Q..(ns .Cu
[A. Sokelov is 22.5:“ on s.omluu

lowee -p veariakous leod

22

Log vFv

20

18

of Syachrotea “Seed” Photons to

Iwveese Comygton Y- + ¥-vays
L L L L DL

Seed photons

!
|
m 4
i
_. ]
l— m m / r/ -
_ _ | --— 2013 -2014 Hz
_ _ m ..... _ 2e12-2e13Hz \ 1
[T 1 ' 2et1-2e12Hz 5 \ 7]
l_ “ _ ’ ﬂ N
I , i
| | m .......... 209 - 2610 Hz _
[ P 7
_ 1 m — — ] 1 1 1 — ] L L 1 W —V 1 _
15 20 25
log v (Hz)

Mec z:._.\ et of. Doﬁ zz;@



CHAPTER 8. A. MARSCHER: MULTIWAVEBAND CORRELATIONS

368

n1@ﬂ;“364 “*19*- qth.—rwos o-’. M’ 005
(Marscher + Gear 1995 Ap 3)
Electrons accelerated ot shock froat

High-Energy electrans suffer radictive
ns?.uc losges «r..ur.qv a:ad« €iest)

feout

I..ufn« m«ossosaa Vary oolx,..«
with fas fee $iwes cales

mH:cn««av ho}v._f losses uwno+1ss.

1uuoubn?sso<n1&on
=P d-vay @mission man...sﬂnuo_:.u

W<’0P40.—40! ~°nunvmnu ‘-‘150(01 ﬂ-.nntnon\
decveases tr:oa.«..:s mosu..*s rewain
= Congtaut (X-cay Emission declives)

E..of»..ﬂa.wnmn?: u?u...sv + fuenovec A—.na_..sa ‘



Chapter 9

Participants

Landessternwarte Heidelberg

S. Wagner, S. Britzen, M. Camenzind, M. Hauser, J. Heidt, G. Piilhofer, O. Kurtanidze, P. Strub

MPI fur Radioastronomie

A. Witzel, I. Agudo, T. Arshakian, U.Bach, A.Brunthaler, G.Cimo, S.Friedrichs, L. Fuhrmann,
V. Impellizzeri, M. Kadler, A. Kraus, T.P. Krichbaum, E. Kérding, E. Middelberg, R. Mittal, A. Pagels,
A. Polatidis, E. Ros, Bong Won Sohn, J.A. Zensus

Tuorla Observatory

L. Takalo,E. Lindfors, K. Nilsson, A. Sillanpédé, E. Valtaoja

Metsahovi Radio Observatory

M. Tornikoski, A. Lahteenméki

Osservatorio Astronomico di Torino

C. Raiteri, M. Villata

Osservatorio Astronomico di Brera

G. Ghisellini, B. Sbarufatti

University of Athens; IASA

I. Papadakis, N. Vlahakis, K. Tsinganos, A. Mastichiadis, M. Xilouris

Cork Institute of Technology

N. Smith, D. Gabuzda, A. Giltinan, L. Hanlon, J. Howard, P. Reynolds

International advisor

A. Marscher (Boston University)

369



370 CHAPTER 9. PARTICIPANTS

9.1 Meeting photo

Figure 9.1: Photo by E. Middelberg



