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Figure: SEDs of PKS 2155-304 during 1
night in July 2006 (Aharonian et al., 2009, A&A
502, 749)
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What happens if the particle injec-
tion is time-dependent?
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Kinetic equation

Kinetic equation for electrons:

% - 327 [4]eotn(7, )] = Q(7, t)
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Kinetic equation

Kinetic equation for electrons:

Injection: one-time, relativistic
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Kinetic equation

Kinetic equation for electrons:

Injection: one-time, relativistic

0028 — 2 [hosnter, 0] = @ ) Q3 ) = q0dly —10)8(2)

V.

Energy loss rate:

[Fleor = [Flsyn + ¥lec + |Flssc

= DO(]- S /ec)")/2 4= AO’YZ/ d’)/ 72’7(77 t)
0

@ Synchrotron cooling and external Compton cooling are linear and not
time-dependent
@ Synchrotron-self Compton cooling depends on the synchrotron field, which
depends on the electron distribution = nonlinear (if injection
time-dependent)
o Nonlinear cooling sets in faster than linear cooling
@ SSC cooling is time-dependent = After a time t. the linear terms dominate
o Further injections are strongly influenced by the already present particles
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The injection parameter «

Defined as the root of the ratio of the nonlinear to the linear cooling at t = 0

o= [ |7(t = O)|ssc :| e
|"Y|syn aF |’Y|ec

@ o < 1: Complete linear cooling

@ o > 1: Initial nonlinear cooling
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The injection parameter «

Defined as the root of the ratio of the nonlinear to the linear cooling at t = 0

o = [ [7(t = 0)|ssc]1/2 ~ ( GoAo )1/2
[¥lsyn + [Ylec Do(1 + lec)

@ o < 1: Complete linear cooling

@ o > 1: Initial nonlinear cooling

@ The higher the electron density qo in the source, the higher the probability
of (initial) nonlinear cooling
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Calculation steps

Calculating the intensity:

li(v, t)cx/ dy n(v, t)pi(v,7)

@ p;: power of the respective emission process

M. Zacharias Time-dependent injection in blazars



Calculation steps

Calculating the intensity:

li(v, t) cx/ dy n(v, t)pi(v,7)

@ p;: power of the respective emission process

Calculating the time-integrated SED
fi(v) 1// dt li(v, t)

@ Total SED: Unlimited integration (0 — o)

@ Fractional SED: Limited integration (t, — t.)
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tal SED
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Compton dominance is determined by « and /ec

Total SED for a@ < 1 resembles the SED of continuous injection
In case of a > 1 all components exhibit an additional break (position depends on «)

Form of energy injection does not influence the main results (only the highest
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Fractional SED (synchrotron component)

Energy losses set in much earlier for o > 1
After t. the SEDs become indistinguishable

Time of observation is very important for modelling!
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@ Time-dependent injection influences strongly the cooling behaviour

@ Nonlinear cooling causes quicker electron cooling and additional breaks in
the total SED
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@ Nonlinear cooling causes quicker electron cooling and additional breaks in
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@ Time of observation is very important!

@ Time-resolved spectra might become an interesting opportunity to test
different models
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@ Time-dependent injection influences strongly the cooling behaviour

@ Nonlinear cooling causes quicker electron cooling and additional breaks in
the total SED

@ Time of observation is very important!

@ Time-resolved spectra might become an interesting opportunity to test
different models

@ Effects can also be seen in the light curves
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@ Time-dependent injection influences strongly the cooling behaviour

@ Nonlinear cooling causes quicker electron cooling and additional breaks in
the total SED

@ Time of observation is very important!

@ Time-resolved spectra might become an interesting opportunity to test
different models

o Effects can also be seen in the light curves

Due to the nonlinearities and the resulting effects, time-dependent injection
should be considered as a viable option to model rapid blazar flares
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Thank you for your attention!
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Light curves

@ Complementary tool to obtain/check source parameters
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Light curves

@ Complementary tool to obtain/check source parameters

@ Using a simple model:
@ Only retardation and geometry of the source taken into account:
1
Li(e, t) = /I;(e, £ — AoA)H [t — AoA]
)

dv())
V(X)

e Easy way to highlight the differences due to the cases of «

7

A(l) I(t = tom +1/c)

dl
l=2R 1=0
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Results: Light curves
Norm. Synchrotron LC for a@ < 1: Norm. Synchrotron LC for a > 1,

a=0.1,R=10%m Vo= 10°

a=10,R=10"cm,y = 10°

(v,t*) [a.u.]

*
'syn

Results:
@ Retardation governs the early phase of the light curves
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Results: Light curves
Norm. Synchrotron LC for a@ < 1: Norm. Synchrotron LC for a > 1,
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@ Retardation governs the early phase of the light curves
@ In case of a > 1 the variability time is reduced

@ Light curves exhibit different temporal behaviour

@ Shape of the light curves depends on the frequency

M. Zacharias Ti dependent injection in blazars



Results: Light curves
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@ Retardation governs the early phase of the light curves

In case of o > 1 the variability time is reduced

Shape of the light curves depends on the frequency

°
@ Light curves exhibit different temporal behaviour
°
°

SSC and EC light curves have similar characteristics
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Results: Light curves

Norm. EC LC for a > 1, t. > Ao:
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@ SSC and EC light curves have similar characteristics
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ED mit o < 1 und lee > 1 SED mit a, lec >
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Normierte Synchrotron LC fiir a > 1,
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Weitere Synchrotron Lichtkurven (logarithmische

Synchrotron LC fiir o < 1: Synchrotron LC fir o > 1, tc > Ao:
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Weitere Synchrotron Lichtkurven (logarithmise

Synchrotron LC fiir o < 1: Synchrotron LC fir o > 1, t. < Ao:
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