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@ Observation Campaign on Markarian 501 in 2009

® average SED
® the two flares

® SSC fits

® steady state
® short time flare

©® model for (too) short time scales
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Mrk 501 observed in multi-frequency campaign between March and
August 2009 [Abdo et al. (2011)]:
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so far nothing special about that..
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during that time two distinct flares occured [de Almeida et al. (2011)]:
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@ first flare (MJD 54952) strong variability in the y-range, but almost
none in the x-rays = orphan flare

@® second flare (MJD 54977) with significant variability from XRT
and some in the y-range
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the first flare was also very fast [Pichel and Paneque (2011)]:

8.0x10™ T
Whipple
VERITAS

Preliminar}l

6.0x10™°

J
-4
il

2 1

Flux (ph em™s™)

T T T T
54952.36 54952.40 54952.44 54952.48
MJD

S. Richter and F. Spanier (Uni Wiirzburg) Mkn501 orphan flare 7th March 2013 5/20



Julius-Maximilians-

UNJVERSITAT

Fakultat fur

WURZBU RG Tl m e Sca |es Physik und Astronomie (@3

® 6 times the flux in less than 2000 seconds

® light crossing time in observer frame t). =

c-0

e for typical values R ~ 10 cm, 6 ~ 10 = t;. ~ 3000s
= even when ignoring acceleration time scales, we are at the edge of
typical variation time scales

furthermore acceleration happens mainly close to the shock, in a small
environment
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® 6 times the flux in less than 2000 seconds

® light crossing time in observer frame t). =

c-6
e for typical values R ~ 10 cm, 6 ~ 10 = t;. ~ 3000s

= even when ignoring acceleration time scales, we are at the edge of
typical variation time scales

furthermore acceleration happens mainly close to the shock, in a small
environment

= need of:
® custom parameter set from the steady state fit

O accurate, time dependent simulation of flare scenarios
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_yields  ©® fitl: R=16.5-10"cm and § = 37, hence t)c = 5856
e fit2: R =2.1-10%cm and § = 47, hence t,. = 149005

so we already are in trouble!

S. Richter and F. Spanier (Uni Wiirzburg) Mkn501 orphan flare 7th March 2013




Julius-Maximilians-

UNIVERSITAT : Fakultit fur g7
WURZBU RG nghtcu rVeS Physik und Astronomie <@$

so what about reacceleration within the emission region?

2.5e-10 T T T T T T
/2nd shock
particle injection -

2610 | / 1
1.5e-10

1e-10

F(0.4TeV <E <20 TeV)cts™' cm™

Se-11

. . . . .
-100000 -50000 0 50000 100000 150000

time/s
better, but....
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..not good enough:
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in general: the contrast between the performance of SSC in fitting
steady state and variability, respectively is quite puzzling
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® hasic idea: use another boost to shorten the time scale

® use an external photon field to explain orphan character
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® hasic idea: use another boost to shorten the time scale

® use an external photon field to explain orphan character

L3

line of sigrlt %

(o

jet axis
02

® assume a second photon field with moderate energy

® no direct detection, since lower Doppler factor
® apart from that similar to the “main” blob

® when these photons hit the blob they are upscattered by inverse
compton and boosted into the “main” blob frame
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although lc-time in main blob remains, we get:
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injection of a Melrose-spectrum [Brown et al. (1983)] photon
distribution (veyr = 10 Hz, n(veye) = 3-1072cm=3)
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even better:
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even better:
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but injecting a distribution with (vc,: = 1017 Hz,
n(veut) = 6 - 1078 cm—3) raises more difficulties
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shape can be modeled qualitatively with an additional photon
component, using only two parameters, without occuring time scale
constraints
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keen assumption: both flares are connected

® using component 1 as injection for second flare = 21d is the time
it takes them to catch up each other

® hence

B2 — 1
1—B1f2 — B2+ B (1)

® injected photon density and the one in the first blob then translates

T e (B (2 o

® non direct detection can be expressed as

d=21d-d1vic

54R2 n(l)
OLRO)man i 12) fzh) < 10% (3)
(52R2)”ph

(SRT kinematics in the backup slides ;))
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this yields for

the parameters

61=13 d=44-10cm n}) =15-10"2cm3

the electron distribution in component 1

~v = 2800 nS) =49cm3 Nejinj =2 - 103 ~ 4 x N, of steady state

the timescales

O = toooi(7)3 = 246005 £ = Bd — 15005
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® orphan flares with very short time scales can be modeled with an
additional, simple photon component

® falsification possible with detailed, simultaneous observation of the
synchrotron peak

® 3 possible origin of these photons is an older, less energetic blob,
with a small doppler factor (or almost stationary)

® other photon sources (e.g. accretion disk) might work as well
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Thank you
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in the 1-frame, the difference between the liht travel time and the time
component 2 is travelling is:

i_ﬂ:&:&.At (4)
cf ¢
using relativistic velocity addition
z _ B—-b
5
e 1- BB )
yields
d=21d-61y1c P = f1 (6)

1—B1f2— B2+ B1
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® devide simulation box into N zones
® modelling the jet propagating through the zones

® describing acceleration via scattering around the shock (Fermi |
process)

® calculating the SEDs in each zone and sum up taking into account
light travel times

1
Ubulk

shock position
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® shock is represented by jump in bulk velocity u between
neighboured zones

® in shock frame: u, = —Vs, ug = Vp — Vs, R = Zfs
® scattering is controlled via the probability for an electron to change

its propagation direction
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