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Motivation

*The most numerous extragalactic VHE gamma-
ray sources are high synchrotron peaking BL
Lac objects, which are rather little studied in
the radio bands (and even optical bands)
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°It is rather common that we only look at the st s o s
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* One-zone SSC is extremely widely used to
model the blazar spectral energy distributions
and typically the radio data is ignored (with a
statement that it originates from another
region)

|
—
[ae]

Log vF, [erg em=2 s7!]
|
@

|
-
>

i Log E [CeV]
—_ 15 L L L L I L L L

10 15 20 25
Log v [Hz]

LINDFORS, HOVATTA ET AL. 2016, A&A IN PRESS (ARXIV:1606.0643)



The data OVRO 40m

California

* 32 TeV-detected Northern BL Lac objects

* 15 GHz radio monitoring data from the OVRO telescope
(http://www.astro.caltech.edu/ovroblazars/)

* Optical R-band monitoring from Tuorla blazar monitoring
(http://users.utu.fi/kani/1m)
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Optical vs. radio variability
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* Radio and optical fluxes correlated =
q- —
* Optical has larger variability amplitudes N
than the radio s L [ [ [ ]
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* Modulation index = 0 / mean




Common origin of variations

17 / 27 objects show significant .

peaks in correlation analysis e
> Median lag 70 days, optical leading
radio .

o Radio variations in the “core”!
13 / 31 sources show common g
rising or declining trends

T T T T T
54500 55000 55500 56000 56500

. )

b “ . MID
"’6! f’o"* d B L e NI ,L'.".:_;"34:1;":'.,_";':".1:-:-'-.';".-'._;.'-.-'.' _ R LI

R Fhodomly [my!
0 20 0 0

A W

* W T T T T T T
T -1000 -500 0 500 1000
B * » ' £ Time lag [days]
LINDFORS, HOVATTA ET AL. 2016, A&A IN PRESS (ARXIV:1606.0643)

LCCF
-05 00 0.5 0

10 Ghte P devmly |1

010 015 0X 03 030




ity?

1ab

Common slow var

wn .S w .S
o o (M oo
L ' < 'O
x O x O
S C S C
“— O “— O
(@] (@]
W = X £
LN
» £ ~ E
(@) O
N O N O
%< + X ¥ % + o
x + o X g T
o B
www%w?w ﬁﬁ#ﬂﬂ%ﬂ [re] %xwmwxxx #*W' .
R T, 5 L owe o ; » . &
P :xxxxx:%wfw. o +++I+H;ﬁ$% 18 8 xww&m&m@ . N nrmmw#ww .
x X LR S 82 g T
x x* xw < + +++wﬂ+ ” ¥ % * R .
o wye o %R 5 B
. R T e o i&x&&xﬁ *###ﬁ
e H,,
5 s o ; [
o il & +¢+$ﬁ+ o R . et R
X . T XXFXX T e + Rar +y
LY L S VR * &
o i
1= i
L L L L L L L P L o L L L i L L L L
< n o v o 0 - [t} =} [ts} 4% < 0 [} 0 [ [t} — [t} =}
[sp] [aV) — o 0_ [sp] [aV) — o
[Arw] Aysuap xni4 [Arw] Ausuap xn|4
PR R R " & = X ¥ o FECR AL O o 4
o
oot e 8 A
1)
L U W LIRS B //f/ /M/ﬂw
o
o
NN VAV R i
" n 5
=
WS\ \ ¥ NP 4 s £
vl ““ A_t " LY % . w‘v \‘ A\g \\ o mw M
(SR WY 3 8 T, A A
L 15 L
[Te)
ANRA AR RN OV VL L
MLLLERLR R NN \
o
o
L L L IS 41 e = O " o L L L L L
™ [to} [V 0 — 0 o1 0 [} 0 Y] [T) — [To)
[a\) ~— o s [a\) ~— o
[Apw] Ausuap xn|4 [Apw] Ausuap xn|4
o
o
L Yol b
©
““““““ [Te]
o
o
L m L
g9
=
g 8
, 2 3
[Ts) ~—
o ~—
[5o) o
c 9]
o
L o L L L
[T9)
© «© [Ts) «© © <t A
AN N - @ @ 0 «@
o o o o o o

[Ar] xni4

[Ar] Aususp xn|4

LINDFORS, HOVATTA ET AL. 2016, A&A IN PRESS (ARXIV:1606.0643)




Nature of the slow variability

*Red noise with the
hlghESt freq uency 1ES2344+514
variations missing from
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SED modeling considerations

In about half of the sample

sources at least some of the B AR SR AR R R RN
optical and radio emission B
(median >27 %) originates in the '

same emission region =t _

> Single-zone models are not g2 B

adequate for these objects 5 T i

> Radio cannot always be L1 .

ignored in SED modeling 2t ; i
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Aleksic et al. 2014, A&A, 567, 135
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Summary

About half of the Northern TeV-detected BL Lacs show a connection
between optical and radio emission

o At least 27% of the emission in a common emission region
> Single-zone SED models not adequate

> Radio cannot be ignored

Looking at the other lower energy properties of the sample of VHE
gamma-ray emitting population

* Work in progress

* Poster 19: V. Fallah Ramazani et al.
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