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Abstract. We model the acceleration of electrons at a shogymmetric with a cross-section which varies with distance from
front in a relativistic blazar jet and compute the radiation thefie central object. The magnetic field is also taken to vary with
emitin a post-shock region which contains ahomogeneous mdgstance from the central object. It is usually assumed that rel-
netic field. The full space, time and momentum dependenceatiistic electrons are ‘injected’ at a shock front which moves
the electron distribution is used in this calculation. It is showthrough the emission region, starting close to the central object.
that the ‘homogeneous’ synchrotron model is recovered, pithese electrons also move outwards with the jet material, and
vided the downstream speed of the plasma away from the shacklergo energy losses due both to synchrotron radiation and
front is nonrelativistic, and provided that the light travel timew the adiabatic expansion of the jet (Marscher & Gear 1996,
across the face of the shock front is unimportant. By varyirgaraschi, Ghisellini & Celotti 1992, Marscher & Travis 1996).
the rate at which particles are picked up by the acceleration piidie resulting synchrotron spectrum is found by integrating over
cess, we calculate the time-dependence of the spectra. Sinceftheemission region, within which both the magnetic field and
magnetic field strength is assumed constant within the emisstbe particle distribution is inhomogeneous.
region, each frequency band can be identified with electrons In the homogeneous model, on the other hand, both the
of a particular energy. We find that for a band in which theagnetic field and the particle distribution function are as-
electrons are accelerated rapidly compared to the rate at whédimed homogeneous throughout the emission region (Inoue &
they cool, the spectra typically harden during phases of risingkahara 1996, Chiaberge & Ghisellini 1997, Mastichiadis &
flux, and soften during phases of falling flux, as has been dbirk 1997)). The relativistic electrons are injected with a speci-
served in the objects PKS 2155-304 and Mkn 421. Howevéed distribution and are assumed to escape on a timekgale
in a frequency band in which the timescales are comparabidter escape, a particle no longer radiates. Although at first
the reverse behaviour is to be expected. We discuss the extesight somewhat arbitrary, there is a good observational reason
which observations of both the stationary spectrum and the spiecbelieve that escape, or, equivalently, sudden energy loss by
tral variability of the synchrotron component of blazar emissicadiabatic expansion, is important: the spectral index of the radio
can be used to constrain the model. emission of blazars is typically hard (>~ —0.5) and cannot be
produced by particles which have been allowed to cool com-
Key words: acceleration of particles — radiation mechanismpietely by synchrotron emission. If we adopt a strictly homoge-
non-thermal — shock waves — galaxies: jets neous model, electrons must escape from the emission region
and thus be prevented from cooling completely. Such a picture
departs from the standard explanation, in which the flat spectrum
is thought to be the result of a variation of the self-absorption
1. Introduction frequency within the source in an inhomogeneous model (the

The nonthermal, highly variable X-ray emission of blazars icosmic Conspiracy’ Marscher 1980). Depending on the mag-

usually interpreted as the synchrotron emission of relativisfigtic field strength "?md Dopplgr boosting factor, self-absorptlon
electrons accelerated in a jet which itself moves at relativisfjtdy @lso become important in a homogeneous model. Addi-
speed towards the observer. In this scenario, the higher endfgjal components emitting at low frequency would then be
gamma-rays detected from several such sources arise from'ffi!ired- _ _
inverse Compton scattering of soft photons by these electrons | '€ homogeneous model with escape corresponds approxi-
(for a review, see Sikofa 1994). Two different types of model Gpately to the plausible physical sﬂyatlon in whlch par.tlcles are
the emitting region can be found in the literature: the ‘inhomog@?celerated at a shock front, provided there is a region of rel-

neous’ and the ‘homogeneous’ models. In the inhomogene&ﬁ'é’ely high magnetic field just behind the shock. In this case,

model, the emitting part of the jet is assumed to be cylindricalfdiation from this region may be expected to dominate the ob-

served emission. This requires that on leaving the region (on a
Send offprint requests 19.G. Kirk timescalet.s.), the particles encounter a magnetic field that is
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so weak, that no significant further contribution to the emitteatcelerated, and one downstream of it, in which particles emit
spectrum arises, despite the fact that particles accumulate thmost of the radiation. In each zone, itis assumed that pitch-angle
over the entire life of the source. However, a problem arisessnattering maintains an almost isotropic particle distribution.
the homogeneous model concerning time variability — only The numbetV (+)d~y of particles with Lorentz factor between

the physical dimensions of the source are such that the ligimdy+d-~ inthe acceleration zone around the shock is governed
crossing time is short compared with the synchrotron coolity the equation

time is it reasonable to assume homogeneity. If this condition ?\7 P N
not fulfilled, the observed variability is dominated by the sha 4+ = [( o Bs 72> N} 4
and orientation of the source, rather than the intrinsic coolin@t Oy

and acceleration timescales. Until recently, models of the rapjgirk et al.[1994), where

variability of blazars have either fulfilled this condition or have

made specific assumptions about the source geometry (M&s-z 4 o1 (32> ) )
tichiadis & Kirk|1997, Chiaberge & Ghisellini 1997). ° 3mec \ 2 po

In this paper we present a model in which particles are accel- 59 o . i
erated at a shock front and cool by synchrotron radiation in tWéth or = 6.65- 1.0 m* the Thpmson cross s_ect|on. The first
in brackets in EqL]1) describes acceleration at the Jate

homogeneous magnetic field behind it. The plasma downstret%rl;{ﬂ 4d ibes the rate of | due t hrot
of the shock front moves relativistically towards the observe € second describes the rate ol energy loss due fo synchrotron

the shock front is nonrelativistic when seen from the rest fra %dlgytir?ba\?raggd over pltcth-a}.nglg (.be_ltzaulse OFf; tht(_a |Isotropy of
of the downstream plasma. The kinetic equations are sol\} § cistribu ion) in a magnetic field¥ (in Tesla). Particles are

for the time, space and energy dependences of the particle il sumed to escape from this region at an energy independent

. ) s . .
tribution function, and the resulting synchrotron emission €1y, and to be picked up (injected) into the acceleration

calculated. ‘Escape’ is accounted for by assuming that the m (_)tce;shs \;V'tthh Lorentz zac:(:{?_ at‘ a ratIeQ pi_artwles p’e(;_?fecor;d.
netic field strength drops suddenly at a finite distance behind € that Ihe concept of this ‘acceleration zone: difiers from

shock, so that the radiation from the adiabatically cooled eIet € emission region in the usual homogeneous models in two

trons in the weaker field can be neglected. Thus, this modeln@Dortant respects: a) particles are injected at low energy and

homogeneous in the sense that the magnetic field does not g&tlnuously accelerated and b) very little radiation is emitted

through the emission region, but contains an inhomogene lyi?a particle whilst in the acceleration zone (see the discussion
electron distribution. The variability is computed by assumin Flow). . L .

the observer lies in the direction of the normal to the shock Assuming a con_stant injection raggy after switch-on at
front. This preferred orientation does not affect the observgcrpe?t = 0, and settingV(y) = 0 for ¢ < 0, Eq.(1) has the
variability provided the light travel time across the face of th%oluhon

source (i.e., over the surface of the shock) is short compared 1 <1 1 >(tacctcsc>/tcsc

= Qi(y—7) @)

tacc esc

to the synchrotron cooling time as measured in the rest frafld":t) = 2\ Y
of the plasma. At the highest electron energies considered in <Oy )gzx ) — ) 3)
the application to X-ray blazars, this condition may be violated, 7T MBI v
in which case the computed variability will be smoothed otibr v, < v < v, (¢), andN (v, t) = 0, otherwise. Her® () is
over the longer timescale. Whether or not this is expectedtte Heaviside step function,
occur could be decided by comparing the predicted emission
by inverse compton scattering with gamma-ray observations. tace/tese Y0 ~Hace/tesc
In principle, observations of the frequency dependence of the Qotace o (1 B > ’ )
variation timescale could also resolve the question.

We consider only the synchrotron radiation of the accel
ated particles, leaving the more involved computation of the < 1 { 1 1 } i )_1

ot/ tace ’

“Ymax

eqnd the upper boung (¢) is determined by

()

inverse Compton emission to future work. This is sufficient (¢) =
for comparison with the observed radio to X-ray emission of 70 Ymax

blazars, provided the energy losses of the electrons are not dgfan Ymax = (Bstace) 1. The quantities,.. andt... have been
inated by inverse Compton scattering, which is usually the caggsumed independent of energy in this solution, the more gen-
at least for BL Lac-type objects (Comastri et/al. 1997). eral solution allowing for energy dependence is given in the
Appendix.

In the model developed by Ball & Kirk (1992), accelerated
particles escape into the downstream plasma, where they radi-
Consider, then a shock front propagating along a cylindrical jgte. We can formulate the kinetic equation obeyed by the density
of constant cross-section. Electrons are accelerated at the sladqlarticles in the radiation zone most compactly using a coor-
front, and subsequently drift away from it in the downstreadtinate system at rest in the radiating plasma. The shock front
flow. Following Ball & Kirk (1992), we treat two spatial zones:ithen provides a moving source of electrons, which subsequently
one around the shock front, in which particles are continuouslyffer energy losses, but are assumed not to be transported in

,YIH ax

2. The electron distribution function
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1ot e 3 and the line of sight. At a point = X (> ust) on the symme-

i ] try axis of the source at timethe specific intensity of radiation
in thez direction depends on the retarded titne ¢t — X/cand
is given by

A Iy(v,t) = /va(u,v)/dxn(m,v,f—i— x/c) 9)

~ and the integrated particle density can readily be evaluated:

~ /dzn(za%erm/c) =

3 a <'Ymax) ’
é (1 _ US/C)’)’I(yfg;C—"_teSC)/te% y

E ¥ {L’l(ﬂ
] max 1— s tace/tesc
{[7 - +1‘<u/6)_1] } )

4 t
,y acc uS acc _7;0(')/7{)

1 Lo L L e Lo
107+ 10-3 10-2 10t 1

/ The limits of the spatial integration are given by the retarded
7/ Vmax position of the shock front

Fig. 1. The electron distribution integrated over the source, as given

by Eq. (10). The three curves correspond to the tifites (solidline), z(f) = —————.
30tacc (dotted line) and500t.cc, (dashed line). At larger times the 1= (us/c)

distribution does not evolve appreciably. For this e = 2tace .. .
(ie. s = 3.5) andh, — 100taCCPKtt _ 51/&06 no parrt)flis have had and the retarded positian (y, ¢) of the point furthest from the

time to cool, since the cooling time at the maximum Lorentz fact(ﬁhoCk front at which particles have Lorentz factoat time
0f 7 & 0.025Ymax iS APProXiMatelyiOtace. At timest > 500tacc all ¢ + To/c. This is given either by the solution..oi (v, ) of the
particles Withy > Ymaxtace/t» COOl, whereas those of lowerleave transcendental equation
the source without significant loss of energy.

|:’7max t+ xcool/c + Tcool :| _

ust

(11)

'7 tacc ustacc

space. The kinetic equation governing the differential densny Vimax
dn(z, v, t) of particles in the rangéz, d is then 1+ (70 - 1) exp [~Teool / (Ustace)] 12)
on _ ﬁ(ﬁs Vn) = N(%t)(g(x ) (6) Or by the assumed maximum spatial extent of the emission re-
ot Oy esc gion (i.e., the point at which the magnetic field declines sub-
wherez4(t) is the position of the shock front at tinte For a stantially). Denoting this distance liy, we have
shock which starts to accelerate (and therefore ‘inject’) particles, 7) = Max (2001 (7, £), 71 () — L] (13)
at timet = 0 and positionr = 0 and moves at constant speed
us, the solution of Eq[{6) foty > g is This is most conveniently expressed in terms of the (retarded)
a time t;, for the plasma to traverse the emitting region, as mea-
n(z,v,t) = it ? sured in the plasma rest frame:
(tacc_tesc)/tesc 1-— Ug/C L
Loa(-2)- 1] b, — Lo/l (14)
7 uS ’Ymax us

O [n(z/us) — (1/y = Bst + Bsw/ug) '], (7) EQq.[I0) gives the integrated particle density for times greater

o ] _than the ‘switch-on’ time:
wherevy, () is given by Eq .[(b). To obtain the synchrotron emis-

sivity as a function of position, time and frequency we convolve . 4 _ 4 (1 _ %) log [(Wmax/’m) - 1} (15)
the densityn with the synchrotron Green’s functioR(v, ). ¢ (Ymax/v) — 1

A Con\{ggléaht approximation to this function is given by Iwe'before which it vanishes. The resulting electron spectrum, in-
rose ( ): tegrated over the source is depicted in Eig. 1. A characteristic

P(1,7) = as2"3 exp(—2) 8) break in the §pectral slopg appears at a particular Lorentz fac-
tor - (t) which, at any given time, separates those electrons
where a;, = /3¢*Qsinf/(27c) is a constant andz = which cool within the sourcey( > Yureak) from those which

47v/(3Qsin 6~4?), with Q = eB/m the electron gyro fre- do not cool within the sourcey(< Yireax)- At large times, all
qguency and) the angle between the magnetic field directioalectrons withy < ~preak(00) = Ymax/(1 + tb/tacc) leave
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the source before cooling, and the integrated electron densitylof10 E
becomes time-independent. F

A question which remains open in this approach is the syn-
chrotron radiation emitted by a particle whilst in the accelera-
tion region. If the magnetic field ahead of the shock were the 107!
same as that behind the shock, the total emission could easfly
be computed using EI(3). For> t,,, we would have an extra ¥
contribution to the flux:

O
_ 10-12
L0 = [ 6P [aNGDsl - o) B
)
a o 2 . i
— d'yP 1/7’7 < max) [:L‘h =
(1 = uy /o)yl e e Jorea (2 S 1071 ¢
(tace—tesc)/tese
(’Vm“ - 1) : (16)
Y
and the total emissiof (v, ) would be given by 10-14
L, 1) = Io(v,f) + I(v,7) (17) 109101910111 0131 0131 014101510181 0171 018 019

However, for oblique shocks, the magnetic field strength is v(Hz)
expected to increase upon compression at the shock. Parti€igs2. The radio — X-ray spectrum of the object Mkn 501 (data taken
undergoing acceleration spend part of the time in the upstregﬁm the collation of Catanese etal. 1997) together with the stationary
and part in the downstream plasma, so that it is not clear h&fpchrotron emission from a single homogeneous source
to evaluate their synchrotron emission, although Ed. (16) cer-
tainly gives an upper limit. At oblique shocks, reflection at th@. Application to the synchrotron spectra of blazars

front itself is thought to be more important than diffusion in thﬁ‘he simple model described above provides a remarkably good

downstream zone, (Kirk & Heavens 1989), so that acceleratlﬁgo theradio to X-ray spectra of several blazars. As an example
particles spend all their time upstream. In this case, it seems ysp ' ple,

reasonable to neglect the emission from the acceleration Z(%eeShOW in FiglP observations of the object Mkn 501. The

completely, which is the approach adopted here. An improv. amma—rayemission ofthis object, which has been the subject of

treatment of this point demands a full time-dependent solutig}luc;h recent interest (e.g., Bradbury &tal1997), is notincluded

of the diffusion advection equation, which requires consideraﬁpet.hls. figure, since it is nqt thought tp arise as synghrotron
numerical effort (Fritz & Webb 1990). radiation. For the X-ray emission we display the archival data

All quantities calculated so far in this section refer to thselected by Catanese et Bl (I997) and not the data taken during

. . . . . the TeV flare in April 1997.
frame in which the radiating plasma is at rest (the jet frame?]. ) T
For application to blazars, they must be transformed into the The stationary emissiort ¢ o) found from Eq.[(9) by a

observer’s frame. Assuming the observer to lie in the directi(ﬁhngIe numerical quadrature over the synchrotron Green’s func-
i

of motion of the plasma, and denoting the plasma bulk veloca?n Is also shqwn n F@.Z' The _form of the spectrum is very
. ose to that given by Meisenheimer & Heavens (1987), who
by ¢y, the relevant transformations are

used an analytic solution to the stationary diffusion/advection

X = Tp(D — Buctons) (18) equation, including synchrotron losses. Four free parameters are
t = Ty(tons — BpD/c) (19) used to produce this fit:
Vobs = Ib(1 4 Bp)v =~ 2T,v (20) 1. the low frequency spectral index= —0.25, which corre-
Iobs(l/obsa tobs) = (Vobs/y)?)l(ya E) ~ SF%I(Vv 1?) (21) Sponds to takingacc = teSC/Q

whereT}, (> 1) is the Lorentz factor of the approaching jet2' the characterls_nc synchrotron frequency em|tted by an elec-
lasma andD the position of the detector with respect to the tron of the maximum Lorentz factor as seen in the observers
P P P frame (taken to bé.3 x 108 Hz)

position of the shock at = 0, as measured in the observers3_ the spatial extent of the emitting region, which determines
reference frame. . 19
. o the position of the spectral break at roughlyk 10-< Hz,
Several simple qualitative results follow from these expres- .
. . . . corresponding te, = 700t
sions. Close to the maximum emitted frequency, the tlmescaAe
. . . o 4" the absolute flux level.
on which the intensity varies in the frame of the plasma is
roughly the switch-on timev (1 — uy/c)tac.. According to Since we restrict our model to the synchrotron emission
Eqgs. [IB) and{9), = (1 + By )Th(tebs — D/c) Thus, the ob- of the accelerated particles, it is not possible independently to
served timescale is shorter than the intringic by a factor constrain quantities such as the Doppler boosting factor, or the
I'y(1+ By)/(1 — us/c). Doppler boosting of the flux, is inde- magnetic field. These can, however, be found using a model
pendent of the shock speed, and is given simply by[Ed. (21) for the gamma-ray emission, for example the synchrotron self-
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compton model (Mastichiadis & Kirk 1997). Similarly, the fre-
quency below which synchrotron self-absorption modifies ti
optically thin spectrum is not constrained within the currei =
picture. Nevertheless, our model of the synchrotron emissi _

e . o v,/v_..=0.01
makes predictions concerning the spectral variability in each 1/ " max
the three characteristic frequency ranges which can be identi Vz/Vm.,x=0-05
in Fig.[2. These ranges are generic features of any synchrot
model, so that the predicted variability can easily be applied
the synchrotron emission of other blazars. They are a) the |
frequency region, where the particles have not had time to c( -oss
before leaving the source (this is the region witk= —0.25 in
Fig.[2, below the break &tx 10'? Hz) b) the region between the
break and the maximum flux, where the particles have had tiis2
to cool, but where the cooling rate is always much slower thi |
the acceleration rate and the spectrum is close to —0.75, :
and c) the region around and above the flux maximum atrougl % ¢
10'7 Hz, where the acceleration rate is comparable to the co
ing rate.

Variability or flaring behaviour can arise for a number ofig. 3. The intensity and spectral index during the flare described by
reasons. When the shock front overruns a region in the jetds. (23), as a function of time at low frequency. The loop indhes.
which the local plasma density is enhanced, the number of patensity plot is followed in the clockwise direction.
ticles picked up and injected into the acceleration process might
be expected to increase. In addition, if the density change is as- 45 f
sociated with a change in the magnetic field strength, the accel-
eration timescale might also change, and, hence, the maximum
frequency of the emitted synchrotron radiation. Considering the
case in which the acceleration timescale remains constant, it is
a simple matter to compute the emission, since([Bq. (6) is linear. Vo/Vimax=0.9
An increase of the injection rate by a factio »; for a timet;
is found by setting

~
o

Duration = 10

Intensity

o
o

09 F 09 F

] &0 [

105 [

50 . .60 70'
Intensity

IS
T

v,/v,_..=0.18

Intensity
w
w wu

N
o

Q) = Qo fort <Oandt >t (22) s s

Q) = (1+n:)Qo for 0 < t < t; (23)

We then have 5—1.55 i 155 ]

I(v,t) = I (v,0)+ ) . N ]
ne [N (v, t) = Li(v, €= (1 = ug/c)ty)] (24) N

25 3 35 4 4.5
Intensity

Usingns = 1, tr = 10t,.. andus = ¢/10, we show the
resulting emission at a frequeney= v,,,/100 in Fig.[3. In
the case of Mkn 501, this corresponds to a frequency of ab&ig: 4. The intensity and spectral index in the same flare as ifFig. 3
10'6 Hz, which lies towards the high frequency part of regiohUt at high frequc_ancy._ The_ loop in thevs. intensity plot is followed
b), between the infra-red and X-ray regions, where the spectfaie anticlockwise direction.
index is close tax = —0.75. Also shown in this figure is the
temporal behaviour of the spectral index, as determined from the
ratio of the fluxes a.01vy,, @nd0.05vy,,x, through the flare. If the system is observed closer to the maximum frequency,
When plotted against the flux at the lower frequency, the spectndiere the cooling and acceleration times are equal, the picture
index exhibits a characteristic loop-like pattern, which is trackethanges. Here information about the occurrence of a flare prop-
inthe clockwise sense by the system. This type of pattern is welates from lower to higher energy, as particles are gradually
known and has been observed at different wavelengths in sevaraelerated into the radiating window. Such behaviour is de-
sources e.g., 0J 287 (Gear et al. 1986), PKS 2155-304 (Sempiajed in Figl4, where the same flare is shown at frequencies
etal1998) and Mkn 421 (Takahashi et al. 1996). It arises whewhich are an order of magnitude higherthaninEig. 3. Inthe case
ever the spectral slope is controlled by synchrotron cooling, (of, Mkn 501, the frequency range is closeltw'® Hz. This time
in fact, any cooling process which is faster at higher energy) 8w loop is traced anticlockwise. Such behaviour, although not
that information about changes in the injection propagates fras common, has also occasionally been observed, for example
high to low energies (Tashiro et al. 1995). in the case of PKS 2155-304 (Sembay et al. 1993).
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10710 Sect. 3, the synchrotron emission extends up to X-ray energies.
It has recently emerged that a model in which the radiating rel-
i ativistic electrons reside in a region of uniform magnetic field
can provide a reasonable fit to observations not only of the syn-
chrotron component, but also, via the inverse compton scattering
of the synchrotron photons, to gamma-ray observations in the
i GeVto TeV range. In this paper, we have introduced a detailed
model of the emission region including the processes of acceler-
ation and synchrotron cooling. This should ultimately help us to
assess how accurately a homogeneous region can reproduce the
observed synchrotron emission. In combination with a compu-
i tation of the inverse compton emission, the physical conditions
and the geometry of the emission zone can be constrained.
The model used to describe acceleration is similar to that
| used by Ball & Kirk (1992) to describe the nonthermal radio
\ emission of SN1987A. It involves a phenomenological division
L of the particle population into two groups: particles which are
10+ 10 10'® 10" 108 10!° undergoing both acceleration and cooling and particles which
v(Hz) merely cool. As a result, distributions are found which extend
Fig. 5. The spectrum at times= 0 (solid line), 10 (dotted), 20 (short- to a maximum value of the .Lofe”tz factor, and. th'en C.:Ut_qﬁ
dashed) and0t... (long-dashed) during the flare shown in Figs. 3 angbrupt_ly. The synchrotron emission from s_uch adlst_rlbutlon fits
[ Data points are taken from Catanese efal. (1997). well with that from the source we have discussed in Sect. 3 —
Mkn 501. However, the form of the spectrum, especially in the
hard X-ray region, depends on the shape of the cut-off of the
Finally, in the region of the spectrum below the break, wheggectron spectrum. In our model, the sharpest possible turn-over
the spectral index in the case of Mkn 501 is close te —0.25, is produced. Inhomogeneities within the source or refinements
the emission is determined by the finite size of the source regiofithe acceleration model result in a broader turn-over. This in-
as expressed by,. Here, the flare shown in Fidd. 3 alid 4 hagicates that in the case of Mkn 501 a homogeneous model of
only a very small effect on the observed flux, since the duratitie region in which synchrotron X-rays are emitted is a good
t; = 10t,.. has been chosen to be much smaller than the tipproximation. It also confirms that a detailed model of the
ty, taken to fill up the emitting region with radiating particlescut-off — which would necessarily involve additional parame-
However, even in the case of a larger flare, or one of longers — is unnecessary. In other blazars e.g., Mkn 421 as well
duration, no variation of the spectral index is to be expectag in other synchrotron emitting objects e.g., SNR1006 (Mas-
through the flare at frequencies below the break, because tihbiadis & de Jager 1996), a broader cut-off is indicated by
time taken to fill the effective emitting region is independent dhe observations. Our current computations suggest that if the
frequency. physical situation is similar to that in Mkn 501, the broadening
This effect of smaller changes in the spectral slope at lowefr the cut-off should be attributed to inhomogeneities within
frequencies is also evident from Hig. 5, where the spectruntli@ source rather than an intrinsic property of the acceleration
shown at timeg = 0 (i.e., the stationary emission as shown imechanism.
Fig.[d),t = 10tacc, t = 20t acc, andt = 30¢t,... Here it can be The variability predicted for ahomogeneous source depends
seen that the rise in emission is rapid at all frequencies, and ¢@iethe frequency of observation and the parameters of the ac-
subsequent fall sets in as a wave which propagates downwaggleration mechanism — for relatively low frequency radiation,
in frequency. a characteristic pattern is produced, as pointed out by several
The results presented in Fifgs. 3 &hd 4 are computed.fer groups. We have shown that closer to the maximum emitted
1/10, so that the effects of the finite light travel time betweefiequency, this pattern should change. However, the observed
the front and back of the source are negligible. In fact, in tivariability depends not only on the intrinsic time-dependence,
limit uws — 0, Egs.[T) to [2Z¥) reduce to the equations for lut also on the smoothing caused by light travel time delays
homogeneous source, provided the limit is taken keeping across the source. We have described in detail the situation when
finite, i.e., allowing the maximum spatial extent of the sourdée observer is positioned exactly on the axis of the source so
ugty, to vanish. that the emitting plasma moves directly towards the observer.
This assumption is not as restrictive as it might at first sight
appeatr, since the emission from a source in relativistic motion
with Lorentz factoil” is significantly boosted when viewed from
It is generally accepted that the emission mechanism respossglirection which makes an angle of less thar /I" with the
ble for the radio to optical emission of blazars is the synchrotrgglocity. Intrinsic time variations within the source then appear
process. In objects similar to Mkn 501, which is discussed $horter by a factol’ (see Sect. 2). These are also smoothed out

(erg cm™ s71)

vHE

10—11 1 XHHM 1 XHXHM 1 lHHM 1 XHHM 1

4. Discussion
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on the timescal&/(cI"), whereR is a typical dimension of the to~. This would arise in modelling diffusive acceleration with a
source perpendicular to the line of sight, provided that the dgyro-Bohm’ spatial diffusion coefficient (e.g., Kirk et al. 1994).
gle between the source velocity and line of sight is of the ord€he solution is

of 1/T. It is a good approximation to neglect this smoothin

if the intrinsic synchrotron cooling time, measured in the rez((%t) = Ot —7(7)]

frame of the emitting plasma, is longer than the light travel time QotaoVax [ Y Pax —V2) ~ta0/te,0

R/c. The same restriction applies to the size of the source along (Poor —72) 1702 — 72) (AS)

the direction to the observer. Here, however, the intrinsic vari- e e

ations always dominate if, < c. The general formulae givenWith

in Se;ct. 2 are valid also for relativistig;, but in the examples _ tao | (Ymax 4+ 7) (Ymax — Y0) 26

predicted, we have restricted ourselvesijo= ¢/10. Whether 7(7) = —-log — (A6)
2 (Ymax = ¥)(Ymax + 70)

or not intrinsic variability dominates over light travel time ef-

fects depends on the frequency of observation. For Mkn 5@nd where we have written

for example, we have found that the maximum timescale over

which particles cool is determined by the position of the spe%*—“(’y) = 7ta0 tesc(7) = 7te0 (A7)
tral break and is roughly00 times the synchrotron cooling Note that in this case the power-law indexdefined byN
time at the maximum emitted frequency. Thus, depending Qrs+2 js related to the timescales by= 2+1t4,0/te,0, Whereas

are smoothed out by light travel time effects, but below whicp, ¢ /¢

the results of Sect. 3 are valid. A detailed model of the inverse
Compton emission is needed to estimate this frequency.
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