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Abstract. Multiwavelength observations of high energy flare ismall angle as a result of relativistic motion of plasma in the jet
1996 from 3C 279 seems to favour the so called mirror modmi directional acceleration of particles.
between different inverse Compton scattering models proposedHigh energy processes occurring in blazars are popularly ex-
as a possible explanation of gamma-ray emission in blazgsgined in terms of the inverse Compton scattering (ICS) model
We performed kinematic analysis of the relativistic blob - mitin which y-rays are produced in ICS of soft photons by elec-
ror system and found that only part of the mirror located vegyons in a blob moving relativistically along the jet. Different
close to the jet axis (very likely inside the jet cone) can re-enpiodifications of this general model mainly concern the ori-
soft photons which serve as a target for production-@éys gin of soft photons, i.e. whether they come internally from the
by relativistic electrons in the blob. Since the presence of welbob in the jet (synchrotron self-Compton (SSC) model, e.g.
localized scattering mirror inside the jet is problematic, thiglaraschi et al. 1992, Bloom & Marscher 1993), directly from
makes problems for the mirror model. The time scale and thi disk (e.g. Dermer et al. 1992, Bednarek et al. 1996a,b), are
shape of they-ray flare should reflect, in terms of the mirrofproduced in the disk but reprocessed by the matter surrounding
model, the blob dimensions and the longitudinal distribution @fe disk (external comptonization (EC) model, e.g. Sikora et al.
relativistic electrons inside the blob. For theray light curve 1994, Blandford & Levinson 1995), or produced in the jet but
of the type observed in 1996 from 3C 279, i.e. the rising timeprocessed by the matter surrounding the jet (the so-called mir-
of the flare during a few days with a sharp cut-off towards ther model, Ghisellini & Madau 1996, henceforth GM). In this
end of the flare, the density of electrons inside the blob shoudgt paper it is mentioned that SSC model and external comp-
increase exponentially starting from the front of the blob andnization of photons produced by the broad line region clouds
reach maximum towards the end of the blob. Such distributigBLR) illuminated by the disk (EC model) may also contribute
of electrons is difficult to explain in a model of a relativistiao the~-ray emission producing a firstray pre-flare. For the
shock moving along the jet, which would rather inject electror®SC model the amplitude of theray variation is expected to
more efficiently at the front of the blob with a trail of particlesye proportional to the square of the variation observed in IR-
on its downstream side. optical-UV energy range. For the EC model theay emission
should vary linearly with the low energy synchrotron emission.
Key words: galaxies: active — galaxies: jets — galaxies: individsuch behaviour is not observed in the case of the 1996 flare from
ual: 3C 279 — gamma-rays: theory 3C 279 in which they-ray variation is more than the square of
the synchrotron variation. Moreover, in theray light curve of
this flare (see Fig. 1 in Wehrle et al. 1997), there is no clear
evidence for a double peak structure which could eventually
correspond to the firsy-ray flare produced in terms of SSC
or EC models and the seconeray flare produced in terms of
About 50 blazars have been detected by the Compton Ganifi@ mirror model. Therefore, although the SSC model cannot
Ray Observatory in the MeV - GeV energy range (Fichtel et 4le completely rule out, Wehrle et al. (1997) concludes that the
1994, von Montigny et al. 1995, Thompson et al. 1995, Mukhenirror model is favourite by the multiwavelength observations
jee et al. 1997), and 3 blazars, of the BL Lac type, are discovt-a strong flare in February 1996 from 3C 279 since it predicts
ered in the Te\w-rays by the Whipple Observatory (Punch et-ray flare with observed features.
al. 1992, Quinn et al. 1996, Catanese et al. 1997). These blazardn this paper we test the mirror model by comparing predic-
can reach very high-ray luminosities which are variable ontions of the kinematic analysis with the observational results.
time scales as short as a part of a day, in the case of opticdllye possible contributions from SSC and EC models to the
violent variable quasars, or even several minutes, in the caseafly production during this flare are neglected since, as we
BL Lacs. These observations strongly suggesthiaty emis- mentioned above, there is no observational support for their im-
sion from blazars is collimated towards the observer withinportance. Simultaneous analysis of all these models will require

1. Introduction
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@ M) 2.1. A single thin blob and a one dimensional mirror
(A)
'E> B L ® 3 2 '> Let us discuss the simplest possible case in which the blob,
"q s the mirror, and the observer are located on the jet axis (see
Yb Fig.[1a and ba). We assume that the blob has negligible dimen-

sions in respect to the other dimensions of considered system.
First synchrotron photons are emitted by the blob at the distance
marked by (A) which has been chosen as located at the base of
the jet. These photons (marked by 1) excite the mirror (marked
by (M)), which is at a distancke The photons, re-emitted by the
mirror (marked by 2), meet the blob again at a place marked by
(B) which is at the distancefrom location of the mirror. In (B)
blob starts to produce-rays (marked by 3). The production of
Fig. 1a and b. Schematic representation (not to scale) of the mirror-rays stops when the blob passes through the mirror. The path,
model with a simple geometry, i.e. a single thin blob and a one dimesn-on whichv-rays are produced by the blob, is given by

sional mirror on the jet axisal, and with a realistic geometry, i.e. an

extended blob and a two dimensional plane mirb)r The mirror (M)

is located at the distandefrom the base of the jet (A). We assumes = (1 + ﬁ)fy%rv, (1)

that first synchrotron photons (marked by 1) are produced by the blob

in (A). First v-rays (marked by 3) are produced by ICS of soft phowherer,, is the observed rise time of theray flare, and: is

tons (marked by 2) re-emitted by the mirror, at the distanitem the the velocity of light. Firsty-rays are produced at the distance
mirror (B) and the distance from the base of the jet. In Fig. 1b thefrom the base of the jet, which is equalite- s and given by
synchrotron photons illuminate the mirror at different locations (D)

which are at a distande from the jet axis. Different critical locations

of the blob are marked by: (I) - the blob is at the base of the jet; () = 23s/(1 — 3) = 2(1 + ﬁ>2527467v~ 2)

- the blob starts to produce firstray photons; (Ill) - the back of the

blob crosses the mirror located at (C). The blob moves with velocity The time lagy,p:—-, between the beginning of synchrotron

vy towards the mirror and has longitudinal extestin caseb and flare, which ionizes the cloud(s), and the beginningyefly
negligible longitudinal extent in case flare is

Topt—y = 2(1+ 6)72Tv' 3)
an introduction of additional free parameters (density of elec-
trons in the blob, the perpendicular extent of the blob, definition EdS- [2) and [(3) show that for the caseqefay flares ob-

of the disk radiation) which are not all well constrained by theerved from 3C 279 (Kniffen et al. 1993, Wehrle et al. 1997)
observations. which has the rising time of a few days & 6 — 8 days in

February 1996) and, the blob moving with typical Lorentz fac-
tor of the order of~ 10 (y > 8.5 for 3C 279, Wehrle et al.
1997), the distance from the base of the jet to the plagerafy
production should be of the order of a few hundredgpe- (200

According to Ghisellini & Madau model, a blob containing relP€ for 3C 279, see Eq. (2)). The corresponding time delay be-

ativistic particles moves along the jet with the Lorentz fact(.j]gween synchrotron ang-ray flarfe should be o:]thg_ order_of a
~ and velocity normalized to the speed of light The syn- ew years {fopt— ~ 2 — 3 years for 3C 279). The distanges

chrotron radiation produced by electrons in the blob iIIuminat@?OUtfthr:ee orders of magnirt]ude? Iargher than .the gfzicﬁl dimen-
the BLR cloud(s) (the mirror), located at a distarideom the sion of the BLR (see GM). Therefore the rise timeefay flare

center of active galaxy. This radiation photoionizes the cloud served in 3C 279 cannot be explained as a result of relativistic

which re-emit isotropically broad line emission. The relativisti ectz_co_nnectﬁd Wit: lt)he rt]ime of ﬂi?ht(;)f asingle thinfblobdin
blob approaching the mirror will see its radiation significantl{/'€ radiation reflected by the BLR clouds. However a few day

enhanced because of decreasing blob-mirror distance and r 3¢ sqale of the flare might t_)e connecteq With. the longitudinal
tivistic effects. In order to understand the features of this mo tension of the blob. Small inhomogeneities in such extended

we start this analysis from a simple picture, i.e. a single bl O_b can be'resppnsibleforashorttime scal'e variability.-cﬂy
with negligible longitudinal extent along the jet (in respedhto emission (flickering) as a result of kinematic effects discussed

and a one dimensional mirror located on the jet axis. Since t hf'l_s iub_sect_lon. ”]1 tﬁrms of the_ m|_rrorqudel \;]VG can es_tlmate
picture is not successful in explanation of the features-ody the flickering time of the,-ray emission during the rising time

flarein 3C 279, we discuss more realistic case in which extencﬁf&he flare in the case of 3C 279 by reversing Ely. (2). Assuming

- 17 — i i
blob scatters radiation reflected by the two dimensional mirrdr.~ 3 x 107" cm "_’de - 8'5',We, .est|mate the time scale for
the shortest possible flux variability caused by these effects as

equal tor,, ~ 4 min.

2. Gamma-ray production in the mirror model
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2.2. An extended blob and a two dimensional mirror 2.2.1. Gamma-ray light curve produced by extended blob

Let us assume that the blob has longitudinal extent along theljeorder to determine the evolution gfray power emitted in
r, (see Figila and bb), and negligible perpendicular extent. tiwe ¢ by the blob, the following formula has to be integrated
perpendicular dimension do not introduce interesting effects i () =

the observer is located at small angles to the jet axis. Asinthé‘"’
picture considered above, electrons produce synchrotron radia- ;x. 1 pra
tion which is reflected by the mirror located at a distahizem 27T/ nyne(r’,t') / / Lny* (14 Bp)*drdudz, — (8)
the place of first injection of electrons (assumed at the base of* "

the jet). The mirror is two-dimensional with negligible thicknesghere;, = cos ¢, andé is the angle CBD defined in Fig. 1b.
and extends in perpendicular direction in respect to the jet axjhe first integral has to be performed over distances-ody
Note that Ghisellini & Madau considered the spherical mirl’()é.mission region (part of the b|ob) from the mirmarThe second
However our assumption on the plane mirror simplifies the fafrtegral is over different paths (defined by the cosine apgle
mulas derived below, because of simpler geometrical relatiopich has to be passed by synchrotron photons and reprocessed
(rectangle triangles) and does not introduce any additional aghotons in order to produceray photon found in time at the
fact features since only the part of the mirror located close to thgation of the mirror. This integral is equivalent to the integra-
jetaxis is important. For simplicity we assume that the observ@in over contributions from different scattering centers of the
is located on the jet axis. The synchrotron photons (marked bydirror defined by the heightt (see FiglZaand bb). Therefore
in Fig.[1a and bb), which are produced by electrons at the plage Iimits of integration ovey: can be changed to integration
marked by (A), illuminate the mirror (M) at any place (D). Theyer/, by using

photons reprocessed by the mirror (marked by 2) meet at the

first time the blob at the distanaefrom the mirror, dp = —ah(x® + h*)~*2dh. 9)

1-3 The third integral has to be performed over the regions in the
5= el (4) blob, r (measured from the front of the blob), emitting syn-
chrotron photons which can produce reprocessed photons serv-

At this place firsty-rays (marked by 3) are produced by thé'd néxt as a target for relativistic electronsrat.
blob and they-ray flare begins to develop. Theray emission At @ point defined by, the mirror is illuminated by the
increases very fast up to the moment when the front of the biggchrotron radiation from the blob with the flux (see GM)

meets the mirror. This happens at the time 1 Leyn

FS n — )
YT 44(1 — Beosn)t 4nd?

m Y Td

(10)
tine = (1= B)s/Be =1/ (1 + B)*fe, (5)

whered = (h? + 22)!/2 is the distance between the regions of
measured from the beginning of theay flare. The flare finishes synchrotron emission and the scattering centers on the mirror,

at the time is the distance of the place of production of synchrotron photons
from the mirror, andtos y = z/d. The synchrotron luminosity
tend = tine + /B¢, (6) in the blob frame can be expressed by

2
when the back of the extended blob crosses the place of locatfomn = 4775 cnsynne(r; ). (11)

of the mirror. This equation simply relates the expected tin}{asyn describes the synchrotron power emitted by average rela-
scale of the flare to the length of the extended bigland the yistic electron, andh, (r, ") is the electron density in the blob
distance of the mirror from the base of the jet. For _relatlwstlcas a function of- at the moment” = t — (d + VA2 + 22 —

blob (y > 1) and they—ray flares occurring on a time §calex/6)/c_ For distances! smaller thanr,, we take in Eq.[{T0)

of days (as observed in blazars) the dependencg.@bnlis ; _ ;. since the synchrotron luminosity cannot exceed the

not important (see Eqd.](5) arid (6)). The filtay flare is then ayimum possible value determined by the dimension of the
produced on a distance,, measured from the mirror, which isp|qp .,

given by The points on the mirror at the distandg,re-emits a part
a of incident flux Fy,,, isotropically (GM),
ry=8+1/(1+5) =r,/2. @) .
Iill - 7P‘syn- (12)
47

Eqg. [6) shows that duration of theray flare can be con-
sistent with the mirror model for reasonable dimensions of tfiée relativistic electrons with density (', ¢'), responsible for
blob. However the question arises if the obseryedy light production of-ray photons at the time (Eqg.[8), has to be
curves of flares in blazars can be explained in such a mod®unted at the moment = ¢t — z/c and at place in the blob
Below we analyse this problem assuming different geometrieasured from its front' = et — (1 — ) (z — s).
of the blob with different density distributions of relativistic ~ The limits of integration over distances of parts of the blob
electrons. from the mirrorz, which producey-rays observed at timeat
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Fig. 2a and b.Gamma-ray light curves produced by a blob with different geometries and distributions of relativistic electrons. It is assumed
that the mirror is located at the distarice: 3 x 107 cm from the place where first synchrotron photons are produced by the blob (close to the
base of the jet). The blob has longitudinal extent= 2 x 10'° cm and moves along the jet with the Lorentz factoe 8.5. a Different curves

show thevy-ray light curves in the case of: a spherical, homogeneous blob (dashed curve), a cylindrical, homogeneous blob (full curve), and
inhomogeneous blobs for the distribution of electron densities given by Hq. (24) (dot-dashed curve), Eq. @5} witlidotted curve)

ando = 2.718 (long-dashed curveh The~-ray light curves are shown by the thick curves for a cylindrical, homogeneous blob in which the
density of electrons depends on the distanéeom the mirror according to: EJ.(P6) (dotted curve), Eq] (27) (dashed curve)andconst

(full curve). The corresponding synchrotron flares are marked by the thin curves.

the location of the mirror, can be found from the analysis af the blob crosses the location of the mirror. For this constraint,
propagation of the front and the back of the blob. The lowésllowing condition has to be fulfilled
limit is

P4+ h3HY2 4, =( : 17
T ay T =g an
d s—p, ifp<s. The above equation has the solution
wherep = Get/(1 — 3), and the upper limit is ha = [(1+ )2 — B212]/28( + ). (18)
[ s+0.5ct, if rp, > w; L 9
Ty = {S + (o — Bet)/(1— B), if ry < w, (14) For the relativistic blob4 > 1) andi/y* < r, <,
wherew = 0.5¢t(1 + ). hu = 1. (19)

ly ph h f th i
Only photons reprocessed by the part of the mirror atI-"f‘ence for the parameters of theray flares observed in 3C

distance from the jet axis smaller th&r, can contribute to 79 onl s of the mi | 1o the iet axis (lavi inl
the y-ray production by the parts of the blob located at th% >, ONly parts of the mirror close 1o e Jet axis (laying mainly
Inside the jet) can re-emit soft photons which serve as a target

distancexr from the mirror. This maximum heigtit,, can be ¢ ducti f Therefore the limits of int i
found by analysing the time of flights of photons and the bigh' Production ofy-rays. Theretore the fimits ot integrations

(Figlaandbb) and depends bandz. It has to fulfil the fol- in Eq. (23) of the paper by Ghisellini & Madau (GM) are not
lowing equation correct because they do not take into account the dynamics of

the blob. From this reason, the energy densities of photons re-

14254 ct = (1 +h2)Y? + (2% + h2)V? 4 2, (15) emitted by the mirror, but observed in the blob frame, are time
_ _ independent and overestimated in that paper.
which has the solution For givenz andh, we determine the part of the blob (its
12 longitudinal extent’) which emits synchrotron photons. These

— 372)2 _ 12]1/2

he = [0.25( + B
[0.250+ B+ 55

) (16) photons initiate nextthe productiongfray photons observed at
the moment. As before we analyse the time of flights of photons

whereB = 25 + ct — . hy, takes the maximum possible valuegp the plob and obtain the lower limit on the longitudinal extent
hy, if the synchrotron photons, produced on the front of th& the plob in Eq.[B)

blob at the distanckfrom the mirror, excite parts of the mirror

which produce reprocessed photons serving next as a target for { 0, if £ <m,

production ofy-rays by electrons at the moment when the badk ~ B(E—h)—1, if E>m. (20)
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wherem =1/ + h, andE = | + B — (2 4+ h?)'/2, and the Fig. 2Zaandbb shows the-ray and corresponding syn-

upper limit chrotron light curves assuming that the density of electrons in
T . the blob depends on the distancdérom the mirror but is ho-
ry = {T”’ i TZ > (21) mogeneous inside the blob. These light curves are normalized
g = '8

to the flux at their maximum. The dotted curves corresponds to
wherer, = B[E — (h? +12)/2]. Finally we find the distance the continuous increase of density of relativistic electrons in the
of the blob from the mirror at the moment of emission of syrlob according to

chrotrqn photonsyvhich initiate the product?omefay photons ne(x) & 100-2)/1 (26)
at the timet. For givenz, h andr, we determine from the fol- ’
lowing condition and the dashed curves to the case when the electron density
Fz/8=(h?+ 222 22) decreases according to
x/l

with F' = E — (I + r)/B. The solution of this equation is ne(w) oc 107", (27)

— (0.5VA — BF)2, 23 Thesey-ray light curves are very similar to theray light curve
2= )y (23) (full curve) obtained in the case with constant electron density
whereA = 452[6%F? + (1 — 5%)h?]. in the blob during its propagation in the jet. Small differences

Since we want to know the relative change of theay between these-ray light curves are due to the fact that the blob
flux with time, the computations of theray light curves have reaches the mirror after very short timg. measured from the
been performed assuming that the parameters describing §bginning of they-ray flare. Fort > t,., the radiation field
reflection, andy-ray and synchrotron efficiencies of a singlgeen by relativistic electrons do not change significantly. Note
relativistic electron in the blob ar@n,ns,, = 1. In principle that the production of-ray photons in the blob occurs at small
the values ofn, andngy,, may depend on the blob propagadistance from the mirror (given by E@J(7)) in comparison to the
tion, e.g. if the spectrum of electrons in the blob depends @rstance of the mirror from the base of the jet. The beginning
its propagation along the jet. We do not consider such casegfnhey-ray flare is delayed in respect to the synchrotron flare
order not to complicate the model too much. First we investy ¢, = 21/[(1 + B)?~%c]. For the parameters considered in
gate the dependence of theay light curve on the longitudinal Fig. 2b this delay is of the order of 0.8 day.
distribution of electrons in the blol,(r). In generaln, may In all discussed above cases theay flux increases initially
depend on the blob geometry and electron density as a functigna very short time scale (given by Eq] (5)). For the parameters
of r. The results of computations of theray light curves for applied above this time is,,. ~ 8 min. They-ray flare finishes
a few different cases are shown in Fig. 2a ahd ba. The dashgdime t.,,q given by Eq. [6), which for these parameters is
curve in this figure shows the-ray light curve in the case of ~ 7.7 days.
cumulative distribution of electrons in the blob (integrated over
perpendicular extent of the blobj, (r) o 7."*2) —(2r=m)% 3 confrontation with the ~-ray light curve of 1996 flare
corresponding to the homogeneous, spherical blob with long'tu'from 3C 279
dinal extentr, = 2 x 10'® cm, moving with the Lorentz factor
~ = 8.5. The mirror is located at the distante= 3 x 10!” The~-ray blazar 3C 279 is one of the best studied up to now.
cm from the base of the jet. The expected light curve in thiswas the first blazar detected by the Compton GRO in June
case is almost symmetrical with the maximum correspondid§91, showing the bright flare with theray light curve which
to the center of the blob. The full curve shows the light cuniacreased for a few days and finished on a much shorter time
for the homogeneous, cylindrical blob with other parametessale (Kniffen et al. 1993, Hartman et al. 1996) ~ltsay emis-
of the model as in previous case. The dot-dashed curve shamm in December 1992 - January 1993 was about an order of
the~-ray light curve produced by the blob with cylindrical gemagnitude lower (Maraschi et al. 1994). However on February
ometry but with exponential decrease of density of relativisti996, 3C 279 again shows strong flare with the light curve very
electrons. We apply the following distribution similar to this one observed in 1991 (Wehrle etal. 1997, Collmar
ne(r) o 10 =r)/m. (24) felt al. 1997). Significant variabi!ity of the-ray flux during this

are has been measured on a time scate 8hr. They-ray flux

which might correspond to the distribution of electrons, praacreased continuously for about an order of magnitude during
duced by the relativistic plain shock, with the maximum on th&— 8 days and later dropped sharply durirgl day (see Fig. 1
front of the cylindrical blob and exponentially decreasing taih Wehrle et al. 1997). The rapigray variability, simultaneous
towards the end of the blob. In contrary, the density of electromariability of X- and 10 GeVy-rays, and the condition that the
could increase exponentially with e.g. according to ~-ray emission region should be transparent, requires for the
ne(r) o o/ (25) Lorentz factor of relativistic bloly > 8.5 (Wehrle te al. 1997).

¢ ‘ According to Wehrle et al., the multiwavelength observations
We consider the cases with= 10 ando = e = 2.718, for of this flare (the lack of evident simultaneous variations of the
which thevy-ray light curves are shown in Fig. 2a ad ba by theptical - UV flux and they-ray flux) favour the mirror model
dotted and long-dashed curves, respectively. for the~-ray production in this source.
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As we already mentioned in Sect. 2.1, theay flare of mirror should lay inside the jet cone provided that its opening
the type observed in 3C 279 cannot be produced by a singlegle is of the order of 1/~. As mentioned in Ghisellini &
blob with negligible dimension moving with the Lorentz factoMadau (GM), the physical processes in the jet may prevent the
~ = 8.5, provided that the mirror is located from the base of thgresence of the well localized mirror inside the jet.
jet at a characteristic distance of the BLR clouds3 x 107 The calculations of density of photons re-emitted by the mir-
cm. The rise time scale of the flare has to be connected witit are done by Ghisellini & Madau (see Fig. 2 in GM) in atime
the longitudinal extent of the blob in the jet. The observed timedependent picture which do not take into account the dynam-
scale of the flare requires that the extent of the blob shouldibs of the blob. As a consequence they integrate over the parts of
of the order ofr, ~ 2 x 10'¢ cm, if the mirror is at the distancethe mirror at distances from the jet axis which are much larger
I = 3 x 10" cm andy = 8.5. However the requirementsthan the maximum distanég, (Eq. (19)), found in our dynami-
on the time of flight of photons and the blob show that onlyal (time dependent) analysis. The photon densities seen by the
soft photons re-emitted by the parts of the mirror within radiudob cannot be directly compared with those obtained by usin a
hy = 71, centered on the jet axis (see Hqgl(19)), can contributettme dependent version of the mirror model. Ghisellini & Madau
the observed-ray flux. Therefore the scattering mirror has to beesults are only correct for the continuous (time independent)
located within the jet cone, provided that the jet typical openiritpw of relativistic plasma along the jet axis but overestimates
angle is of the order of- 1/~. This conclusion is inconsistentthe density of soft photons seen by the relativistic electrons in
with the assumptions made by Ghisellini & Madau (GM) ithe blob with limited longitudinal extent. The relativistic blobs
their computations of the density of reprocessed photons sé@eiblazars has to be confined to the part of the jet in order to
by relativistic electrons in the blob frame. produce they-ray flares with the observed rising time scale.

The shape of the-ray light curve can be explained interms  We computed the-ray light curves expected in the dynam-
of the mirror model if the density of relativistic electrons inical version of the mirror model for different distribution of rel-
creases exponentially towards the end of the blob. Good cativistic electrons inside the blob and assuming that the density
sistency with the observed rise time scale of theay flare in of electrons in the blob changes during propagation along the
February 1996 from 3C 279 is obtained for the density distjet. Slowly risingy-ray flux with sudden cut-off towards the end
bution of electrons in the blob of the typg(r) « exp(r/ry) of the flare, as observed in 3C 279, is obtained in the case of in-
(see long-dashed curve in Fig. 2a ahd ba) whdsemeasured homogeneous blob with electron densities exponentially rising
from the front of the blob. However such distribution of electowards the end of the blob. Such electron distribution is diffi-
trons along the blob is difficult to motivate in terms of the starcult to understand in the popular scenarioferay production in
dard relativistic shock model moving along the jet. The elewrhich relativistic shock moves along the jet. It seems that such
tron distributions with the maximum on the front of the blolshock should rather inject relativistic electrons with high effi-
and the trail streaming away from the shock on its downstreamncies close to the front of the blob, with the trail of electrons
side seems to be more likely (Mastichiadis & Kirk 1996, Kirlon its downstream side (Kirk, Rieger & Mastichiadis 1998).
et al. 1998). However such electron distribution gives rapidifowever they-ray light curve expected in this case is different
rising and exponentially decaying light curve (see dot-dash##dm that observed during the flares in the blazar 3C 279.
curve in Figl2a andlba), which is in contrary to the observations Sincey-rays are produced in a region which is close to the
of 3C 279. Therefore, the-ray light curve of 3C 279 suggestsmirror, therefore the shape of theray light curve is not very
that for the mirror model the single large scale shock front is neénsitive on the variations of the density of electrons during the
likely mechanism of injection of relativistic electrons along théme of propagation of the blob between the base of the jet and
blob. The sequence of smaller scale shocks or another meaha-mirror. Of course the absoluteray fluxes produced by the
nism of acceleration of particles (magnetic reconnection in thébs with different evolutions of electron densities in time may
jet ?) might give more appropriate explanation. differ significantly.

The~-ray light curves presented in Fi§is. 2a and b show very
sharp cut-offs towards the end of the flare due to our assumption
on the negligible thickness of the mirror. In fact, the observed
We discuss details of the mirror model proposed by Ghiselliwidth of the peak in the-ray light curve of 3C 279, of the order
& Madau. This model seems to be favourite by the multiwvaved ¢,,, ~ 1 day (see Fig. 1 in Wehrle et al. 1997), may be related
length observations of the-ray flare in 1996 from 3C 279 to the time in which relativistic blob is moving though the mirror
(Wehrle et al. 1997). Based on the analysis of the kinematiggh the finite thickness. If this interpretation is correct then the
of the emission region (a blob moving relativistically along ththickness of the mirror has to be limited tg, ~ ct,,5(1 +
jet) we come to the conclusion that only relatively small paft)y? ~ 4 x 1017 cm which is comparable to the distance of the
of the mirror is able to re-emit soft photons which serve asnairror from the base of the jet.
target for production of-rays. For the parameters of theray In this analysis we do not consider productiomefays in
flare observed in 1996 from 3C 279, the radius of this part tdrms of the SSC and EC models simultaneously with the mir-
the mirror should be comparable to the longitudinal extent ofr model since there is no clear evidence of their importance
the blob. It has to be of the order Bfx 10'6 cm in order to in they-ray light curve and the multiwavelength spectrum ob-
be consistent with the rising time of the flare. This part of theerved in 1996 from 3C 279 (Wehrle et al. 1997). Fheay

4. Conclusion



W. Bednarek: On the application of the mirror model for gamma-ray flare in 3C 279

light curves reported in Figs. 2 show only relative change of
the~-ray flux with time. They are not straightforwardly depen-
dent on the parameters of the blob (the magnetic field, electron
density, blob perpendicular extent, disk radiation) which are
not uniquely constrained by the observations. The SSC and EC
models will require to fix these parameters in order to guarantee
reliable comparisons.
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