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Fuhrmann et al. 2008

extreme variabillity - time domain
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(Effelsberg, Pico, VLA, SMA, contact: tkrichbaum@ mpifr-bonn.mpg de)
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blazars

® emission originating in jets
oriented very close (< 20 —
300 ) to the line of sight (e.qg.
Urry & Padovani 1995) ,

causing:

» extreme flux density
variability, moderate degree
of linear polarization, high
superluminal motions and
brightness temperatures

etc ...

taken by wikipedia
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the basic question a€

e where does it happen: close to

T[he engine in the BLR or far out gi\_(lg?gsomor\l N g fo‘-’-fa.-‘Y""?-fay
In the jet re-acceleration e
regions PHOTON OR PR(
SYNCHROTRON CA.
, _ o PHOTON :
e what is the photon field? is it » SHOCK
the same photons a those we
see as synchrotron or do they
come from the torus
| . BLACK. ' INVERSE - COMPTON
o after aII,.What IS the em|§3|on HOLE * ) SCATTERING
mechanism, are the radio and

gamma-rays, correlated?
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FERMI-GST
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MULTI"FREQUENLCL
MONITORING
ALLIANCE

ermi-' ST ~GN 'Vulti-wavelength '/ 'onitoring / lliance:

monthly monitoring program for ~60 Fermi-GST blazars
at 2.6 - 345 GHz + optical, optical polarimetry and gamma-rays

L. Fuhrmann, E. Angelakis, J. A. Zensus, T. P. Krichbaum
I. Nestoras, R. Schmidt
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http://www.mpifr.de/div/vlbi/fgamma
http://www.mpifr.de/div/vlbi/fgamma

100-m Effelsberg

» Monthly monitoring of ~60 sources
» 2.64 - 43 GHz at 8 frequency steps
» Simultaneous spectra within 40 minutes

L. Furhmann, E. Angelakis, I. Nestoras,
J. A. Zensus, N. Marchili, T. P.
Krichbaum

30-m IRAM

» Monthly monitoring of ~60 sources
» 86, 142 and 228 GHz
» Simultaneous spectra within 2 minutes

H. Ungerechts, A. Sievers, D. Riquelme

12-m APEX

b Irregular “filler” monitoring
» 345 GHz
» accuracy <15%

S. Larson, A. Weiss
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70-cm meniscus and 125-cm 1.3 m Skinakas telescope, Crete,
Ritchey-Chretien telescopes. Greece
Abastumani Observatory

» polarimetry (Expected Spring 2012)

» Monthly monitoring of ~90 sources
|. Papadakis
Omar Kurtanidze, Maria Nikolashvili,
Givi Kimeridze, Lorand Sigua, Revaz
Chigladze
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40-m OVRO telescope

» ~1200 blazars at least 2—-3 times per
week (Richards et al. in prep.)
» 15 GHz

Caltech: A. C. S. Readhead, V.
Pavlidou, J. Richards, W. Max-
Moerbeck, T. Pearson

Korean VLBI Network 21-m radio
telescope Korea Astronomy and
Space Science Institute

» Monthly monitoring of ~90 sources
» 13, 7 mm

Bong Won Sohn, Pulun Park, Sang-
Sung Lee, Do-Young Byun, Jee Won
Lee, Jung Hwan Oh
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The Planck satellite

» Occasional monitoring of ~20 sources
» 30-857 GHz

J. P. Rachen et al.

Fermi-GST

» 411 / 3 hours
» 20 MeV to 300 GeV

L. Fuhrmann, J. A. Zensus, |. Nestoras




F-GAMMA program

e detection of radio jet emission
in a NLSY1, challenging our
current understanding that jets
are associated exclusively with
“old” ellipticals (Foschini et al.
2010)

e unification and physical
iInterpretation of the radio
spectra variability patterns in
Fermi-GST blazars

e a correlation between Siaqi0 and
Sgamma free of redshift biases

0.9

0.8

ity (Jy)

10°

10°

O |[a. .|

Fuhrman@%@lﬂﬁi@t@@jgi,ﬁmﬁep- 107

PavlidBl 6ileg.eaBfk

Gamma vs. radio flux Peak Gamma vs. radio flux
4.85 GHz 4.85 GHz
1000 g— TTTTT ] g 1000 —— TTTTIT]
~| e FSRQ . ~| e FSRQ

— ® BLLac | ® BLLac

‘v ® RG PY i ® RG i

s ° .

o

< 100 — 100 —o- —
wg [ J —o— ) =

o ® o

= A ¢ *

: .t LI

= S o0 o ° +’ +ﬁ+

£ 10k - # — 10 b . ++ —

Optically Thin Quiescent Spectrum Optically Thick - Optically Thin

\

T

1
10 10°
v [( +H Z
radio tlux density [Jy]

Frequency (GHz)

10°

radio tlux density [Jy]

10°

100

Tuesday, September 6, 2011



T T = ; T T e si22is2122 (4C21.39) - - - = . . - : i i
» f =) 5 =g T T T rrnes) e J1504+1029 (1502+106) e [N o=
B Jrsst0n PrS1esz) gis 12346-1631 (PKS2345-16) = 3115842914 (TONS99) ' BB ! ! BiE 4181013220 (OF31) (] EE 414080752 (PRS1406-076)
ok  riaatl WL T T i e b B oL Ba | pHfEE e
=z 3122940203 (3C273) f e ok L e N el = ok HHee e ok
g 3 =1 3 8= s s 2 - = : Bt mEe| 3 Woo15r4225 (SRt
i Brae mue ® S e @ — = 2] 4021740144 (PKS0215+015) e Bilres ®
/ a155 (Es 1ot ' T oEieT 5 B E T . : e 3
S YL stsaossiss (Estsaaiezn) = & sy e Jie2a5651 (1G56.27) =11 42025-0735 (12025.07) WL
f #4254 L b Ghism vEE =
B 0 o T ES —— = . =5 . o
Frequency (d| B veney @ EEsE B = & > o ) o
ok gaE requency ( fAissy o Frequency (GHz) (aHa) L e | @
T > et e . : B — T i ] y
€D ! " 888 Eldrequency (fiz) =Sk e s @ i EETLEENT
v 3 Bl 1 S o e 8 . = L |
o e il ' Frequency (GHAIY
T T Fjass) L1=s] prdes]
s 095846533 (S40954465) g ok ok E e
o R S 0 ; . , @ ® Hes] B R = BEs
Y o o K = 000 oo & v 2 o s e T For o ot 2002 e
Freuensy (efia) Froauonly (GHe) @ Bi= @ His RIS
3 T - . i 1 i HES 107 HEEE
e 5 J EEER
» a2+ " j EHEs) T T TTEENrnee T T T T T B mE L s
154246120 (J1542461) g 164213048 (30345) BaES B ll 184843219 (J1848+32) Bl 1214740928 (12147409) B R
.. : \ Firies) 1 EisER T Friee . . z SHEHE
g o F s 1N Foissh e = E =i - = - : 7 Eolea
Frequency (GHz B84 = Jency (GH] 1 quen = Frequency (GHz) Bt oy (GHz) 3 @ o pinal s o
firisss o =
T & T T == T s —3 T = i - TR T
acess gie 065414514 (J0654+45) | @ FrEs] 122260832 (12229]
== orbg et e 4 : e ' ° Frequency (GHiE == |
L et = ] Feray o) =1 v
@ g eSS o ) . = 1= =) .
' B Frbauegiy - ! HEEEN] o 0 | =T i ; i = L 3 3 T T R
auepgy (GHa) HHEE Frequenty @He) @ SR ] Freatiney o . o 0237+2648 (4C26.07) FrESE TS
b e Frfes) J1653+3945 (Wkns01) B Eai
i3 1 o+ HEE 1 + Fi eSS E s C s T
T T T =T & CEEEE
155341256 (1851 EfEs) T T T RS T T TR T e s
J1553+1256 (1551+130) b == = J1733-1304 (NRAOS30) Frfea) 184946705 (S4184946) =i —EE i3 BRI ERRn
- L [SSy A . BE . B . Bl o 3 B
Frequency (GH: Eitiash I wency| TR Froquency (GHz) Y (GHz) B "3 & SEne e :%f
Bl = F BB S8
T & - — Erequoncy (G - s - o=
10006-0623 (0003-068) e 1050746737 (1ES05034675) Bl B FEsE e
: e E Lo : g
T T T =T FLi=s) e g iEs) " eatee) - RS e
o 134544452 (1343+451) FrEfEs) bS] R R [ O ST ELE o
= : - = o ; S . L L o — ot & e e : 3 BEErmms S
B Bl o I e S 1 J00) I—-a P T P . ‘ TR 3 532008 0287 BE T
oL J B 195016508 (1ES1959+650) e FHEE ER
- - - e @ /4 ‘ ‘ oA \~ Fadssy HaEE T
o 5 o T T T =FEE T TS TR B 2R Bi
185541111 (1EST553+113) =i 175140939 (J1751409) mErn 19112102 (1911-210) == J1256-0547 (3C279) F el e WL ) SRR
. . . “H=x . L . , E S . 5 SEEE
Froquency (GH R — uency Ei] Freauendy (GHo) 5 (@Hz) e HIE ) ki pieey Lind]
Eg ° B EHEEE
. = e Frequency = == N . 3 - S— .
J0221+43556 (0221+355) | A ey | J0719+3307 (0716+332) @ e @ @ B pdies] J2253+1608 (22514
s i 9121743007 (07217430) s S , ) z [ .
s ; , , 3 - desh N SRS E
s 5 = - HHEl ! | gt e e & . B s ‘ FhEEEE -
@ s Froquerley (GHz) @ e, Eh Freafoncy|(GHz) Bl . = =] @ 035945057 (NRAO150) BRI BRI
i3 @ EEH Einves IS BREESE otagi74s (2143417) Bi s o
+ ] L : + . BE & 1t i
—— L I ‘\’{ CHEER i | o :
"y S i i s . T pymey = inse 119232104 (1923-210) T T T e == Wk Bt
SEEEIAEEEE) g 4180047828 (551803+76) i ' e L) B <k = B
“ L L i i frpeey | , . . . BEml B =i “ 5 8
Frequency (GH: T e | uen e e <L Frequenfy (GHz) HEE g i
gy j § E e g =S @
T B F % T o T = BE B T Bt ryre D T T s oo T ] T
10050-082 (40050-09) e RS 3cz80 o - 1O0F i {22 mow 7 mE 102410815 (NGC1052) iy FEES) 153053057 (1232
= ; T T L =HEE ] == S
s mE 122142813 (Weom) Bt miss == 4 1 Sl i n n
[ e =3 2 e [ S e - - . = ' ° Froquency (GHELE |
Sl = e T = Frequency (GHz) Eies] HhEES
= L , L Foiesh i BEaES = %; ) . | o gl o
H ‘ CET = : BEm g ol S SN i fat = % 1 et & b i B 2= = . . _
B 12 oErbauelpy (GHa) = oSy L deel T Fstal ona 0 EE]" Frefend Gra) BELL R @ [ Frequency (GHa) 2 el o 110413812 (Mkné21) [y T
2 Fiiash S HEES 3 HEE - T T s F oSSk
2 B s [ ES 104230120 (PRE0420.01) Eeo i e
1 1S 1 e el 13 E T EArH EEs ] L
T T =T ; ; . . ; ; S e
Sreza 2081 (RS1623.29 T E v Toaman) 1oAY FEES) L B
5 - [ = — 1 L Bl ek i
Frequency (GH: E22 5 Tenoy (GH . encs| AL Frequeny (GH2) oy (@Hz) |l "3 HES BEER
“+ el T e = 1 I 1 a=| 0 2T
y o = T T T T T B =2 T & T
10136+4751 (0136+475) = Bi=] F 118847009 (ks =2y @ A 3 !
Ik }1,,, 4 142844240 (H14264428) ? L |
o T 4
FfEs] Frequency (GHz)
3 == s L wiw : = : . . | . ” . . . . ’ = = 3 R
® Frgauepey (GhHz) 5 * Frequery (GHz) @ Freaubncy [GHz) @ Froquency (GHz) I 1501 N @ | Jostera130 (aCes)
@ 25 BE -
L 1L | L E5) " B IS ::aﬂ;{f/ﬁ 1 i3
3150540326 (PKS15024036) Freres ' _
e 15120905 (PKS1510-08) B e T T T == °F
HE 1. B B8 152243144 (15224314) —=hEE r
. . , SHE . 2 : | . i n , . 2
Froau {  Frequency (Gt [iEsy T==) B e ” Frequency (GHz) * Frequency (GHz) 3 - : &
' ST SHEE @
> 5 =R RHE T
> e 3 HaE=
1 | i HiE s B 58
%ﬁ ' E| L | o " L L
oy 0 0 o ; Frequency (GHz)
Frequency (GHz)
' N Frequency (GHz) " o L L .
’ Fvequenzqy (GHz) o T <L E

Frequency (GHz)

Tuesday, September 6, 2011



Angelakis et al. in prep.
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Unification of the variability pattern
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Unification of the variability pattern
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Unification of the variability pattern

The unification of the variability pattern henceforth could naturally be
explained with the “appropriate” modulation of two properties:

» the relative position of our band-pass with respect to the source spectrum

» the relative width of our band-pass with respect to the width of the bridge
(the total minimum) between the optically thick part of the outburst and the
steep part of the quiescence spectrum

Three factors control this:
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Unification of the variability pattern

1. Redshift factor

10° |-

S |a.u.]

———— ] ——
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10—2 Lol
10°

10* 102
v |GHz|

10°

2. Intrinsic properties factor
» different peak frequency of the

SSA spectrum

» different peak flux density excess
of the outburst relative to the
quiescence spectrum

» different broadness of the SSA
spectrum of the outburst

» different broadness of the valley
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Unification of the variability pattern

1. Redshift factor 2. Intrinsic properties factor

courtesy of C. M. Fromm
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Unification of the variability pattern

1. Redshift factor

_Z:

——— ] —

10t |
10—2 | | | 11
10° 10! 10° 10°
v |GHz|

3. Spectral evolution

| === Original |

following Marscher & Gear 1985

v,, |GHz|
courtesy of C. M. Fromm
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Modeling the spectral
evolution

» parameter “b”: evolution of the
magnetic field

» parameter “d”: evolution of the
Doppler factor

» parameter “r’: jet opening
angle

» parameter “s”. spectral index
(estimated from quiescent
spec.)

» parameter “k”. normalization
parameter
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simulations done by C. M. Fromm and M. Perucho-Pla

Angelakis et al. in prep.
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100 [

Achromatic variability

S (Jy)

e spectrum changing self-
similarly with possibly a mild
shift of the peak towards low
frequencies as the flux
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conclusions

e the spectral evolution monitoring method is probing smallest spatial scales
(uniform clouds of emitting particles), otherwise unaccessible to current
observing apparatus

e there are only 5 phenomenological types of variability pattern that a source
may follow

e so far no source has shown a switch in type. This strongly suggests that:

» either the mechanism is a source fingerprint and hence we must
iInvestigate what determines them

» it Is determined by source intrinsic properties that stay invariant in time or
change with pace much slower than we can sample
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conclusions

¢ it seems that only two distinct mechanisms produce variability:

» achromatic variability

» spectral evolution dominated

e the shock-in-jet model seems to provide a satisfactory description of the
latter mechanism over a range of intrinsic properties
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conclusions

e it is very unclear what mechanism produces achromatic variability: changes
In the topology of B that would imply changes in the doppler factor D, do not
seem to be the case. further investigation needed.
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next steps

e the physical properties that determine the type

e the pace at which every evolutionary stage
happens as compared with the theory

S.n ()

e construct the synthetic light curves

e calculate the physical parameters during the
evolution of the events:

» magnetic field strength B and particle
density p

sS.n ()

» calculate the co-moving energies depositec
in each event

nogs” u 2:

Qs B 065 1.4" u 22
‘const _1.4.2.64" u 2;
feonat 2.64.4.8%" u 2;

N
e

_—t .
-k

\muon (GHz)

"noqs_florel” u 2:

Toonst 1.4 2 64_flarel” u 23

Bt "noqsflare2” u 2

o ‘conat _1.4.2.64_flare2” u 2;
N\

N
e

3

-
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Narrow Line Seyfert 1

» permitted lines from the BLR,
BUT much narrower than
typically those seen in Seyfert 1
or blazars (FWHM(HPB ) < 2000

km s77)

» In spiral galaxies

» appear to accrete with high
Eddington ratios having low
black-hole masses

» typically RQ
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Fermi-GST detection

of NLSy1s .

» Fermi-GST detects 4 radio loud
NLSy1 galaxies:

Fermi/LAT (E>100 MeV)  sywift/XRT (0.3-10 keV)

PKS1502+036 (z = 0.409)

1H0323+342 (z = 0.061)

SWIft/UVOT (UV) mOJAVE VLBA (2 cm)

PKS2004-447 (z = 0.24)

- PMNJ0948+0022 (z = 0.585) . @

(Abdo et al. 2009)
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°MN J0948+0022

» Ly ~ 10*8 erg s~Tat 0.1-100
GeV (first time that such a

power is measured from a
NLS1)

» confirms, that NLS1s can host
relativistic jets as powerful as
those in blazars and radio
galaxies, despite the relatively
low mass (1.5 x 108 Mo)
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Foschini et al. 2010
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gamma-ray loud
NLSy1s in radio

S (Jy)

» J0948+0022:

- blazar-like relativistic-jet-like
behavior!

- variability: month(s), factor 2

J0324+3410:

v

blazar-like relativistic-jet-like

- tvar > ~185 days, AS > ~ 20%>
~ 50 days, AS >~ 70%

S (Jy)

S (Jy)

Fuhrmann , Angelakis et al.
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rms variations [variable sources]
black : FSRQ / red : BLLac / J0324 : orange / J0948 : blue / J1505 : violet

. " 100 T — T T T T T T T T T T
comparison with F- ' '
GAMMA blazars

P , ;
» NLSy1s: lower end of rms- T ]
values
. .y . . 0.0001_ T R, I R Lo
» variability characteristics: ! 0 ey (011
NOTE in blue are the Tg for J0948+0022
Adp Y e ew
Tg =847 x10*. S °r 7 ]
’ /l(tvar,/l(l +z)2) o 4.6x1012K 1 W 9.3x1010K ]
» blazars: typically Tg ~ 1072- o \ e
1 O14K, Corresponding 16: 4.0 x 10" K : 12: 1.4 x 10" K :
Doppler factors: Tg2PP ~ &3 |
x TghmC->5~1-5 i 1t
> NLSy‘] S typ|Ca||y lower Tg Fuhrmann , Angelakis et al.
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conclusions

e typical blazar jet-like behavior

e differences in the variability characteristics e.g. lower Tg, less Doppler-
boosted than typical blazars

® intense spectral evolution behavior in J0948+0022 rather fast

e future VLBI monitoring important to study NLSy1 jet parameters

¢ “The comparison with the SED of a typical blazar with a strong accretion disk
(3C 273) shows that the Compton dominance is more extreme in the NLSy1s.
The disagreement of the two SEDs can be accounted by the differences in
mass of the central black hole and Doppler factor of the two jets.”

Foschini et al. 2010.
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MMA.

\

FERMIFGST
AGN

MULTI"FREQU
MONITORING

thank you!

www.mpifr.de/div/vibi/fgamma
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NRAO 150 at 43 GHz
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Total intensity peak: 4.13 Jy/beam

The case of NRAO 150 Agudo et al. (2007) A&A Letters

Agudo et al. 2007
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