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Fig. 1. Data and best fit model corresponding to a soft (segment 2)
and hard (segment 9) state of NGC 7469. The data are in thick (red)
lines, the unfolded model (including the reddening and the neutral hy-
drogen absorption) in thin solid (green) lines, and the unfolded model
(without reddening or neutral hydrogen absorption) in dashed (blue)
lines.

Table 2. The Spearman (rank) correlation coefficients are reported in
the upper right portion of the table and the Pearson linear ones in the
lower left part. The correlations have 29 points. The correlation coef-
ficients with formal chance probabilities less than 1% (i.e. with corre-
lation coefficient >0.46) are written in bold faces.

kTe τ R F (2–10) F1315 Fline

kTe ... –0.65 –0.26 –0.15 –0.73 –0.03
τ –0.79 ... –0.30 0.67 0.37 0.23
R –0.22 –0.21 ... –0.79 –0.05 –0.31

F (2–10) –0.20 0.59 –0.79 ... 0.35 0.40
F1315 –0.67 0.35 –0.07 0.30 ... –0.05
Fline –0.16 0.33 –0.34 0.43 0.04 ...

with a constant and we choose to fix it, in the following, to the
mean value of 2 eV.

We finally remark that the total X-ray flux (above 0.1 keV)
predicted by our model also varies similarly to the observed
2–10 keV flux.

3.3. Correlations

We have reported in Table 2 the results of the linear (Pearson)
and rank (Spearman) correlation tests between the different
model parameters, assuming no time lags.

The X-ray flux is apparently correlated, with signifi-
cances >99%, with the coronal optical depth τ and anti-
correlated with R. This anticorrelation was not observed
by N00. We also found a correlation between the X-ray and
line fluxes but not as strong as N00. Concerning the UV flux,
it appears strongly anti-correlated with the coronal tempera-
ture kTe. Finally, we found a strong anti-correlation between
kTe and τ. We have plotted the most significant correlations in
Figs. 3 and 4 i.e τ and R versus F2−10, kTe versus F1315, and kTe

versus τ.
As already remarked by N00, the cross correlation of

light curves that have a “red noise” character (i.e. where the

0            5            10            15           20           25           30 

Fig. 2. The light curves of the different parameters of the model
(i.e. kTe, τ, kTbb and R) are plotted in the bottom part of the figure as
well as the total (above 0.1 keV) X-ray flux predicted by the AC2 code
(in 10−10 erg s−1 cm−2). For comparison, we have also plotted, at the
top, the observed UV flux at 1315 Å (in 10−14 erg s−1 cm−2 Å−1),
the 2–10 keV X-ray flux (in 10−11 erg s−1 cm−2) and the photon index
light curve obtained by N00.

variability power scales as f −α), can produce artificially high
correlation coefficients values (Welsh 1999; Maoz et al. 2000).
We have thus tested the significance of our results by simulat-
ing a number of X-ray and UV light curves with “red noise”
power spectra. We adopt a value of α of 1.3 and 1.9 for the
power law index of the X-ray and UV power-density spectra
respectively (cf. N98 and N00).

In 200 trials of 29 points, we never obtained Spearman or
Pearson correlation coefficients as high as that observed in the
real data. We thus conclude that the correlations shown in bold
in Table 2 are unlikely to arise by chance. We discuss these
different correlations in the following.
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As we see in Figure 3, a prediction of the thermal-
Compton model is that the lowest soft X-ray Ñux is associ-
ated with the highest Ñux in the D20È50 keV band as well
as with the highest kT . Unfortunately, the limited statistics
of our PDS data do not allow us to test this prediction. This
can be tested in the future by the IBIS detector aboard
the International Gamma-Ray Astrophysical L aboratory
(INT EGRAL ; Ubertini et al. 1999). Interestingly, the spec-
tral variability of the black-hole binary Cyg X-1 in the hard
state does show a pattern similar to that in Figure 3.
Namely, a relatively hard spectrum with ! ^ 1.6 has a high-
energy cuto† corresponding to kT ^ 100 keV et(Gierlin! ski
al. 1997), whereas a relatively soft spectrum with ! ^ 2 has
kT ^ 60 keV (Frontera et al. 2001) and the two spectra
intersect at D5 keV (see A. A. Zdziarski, L. Wen, & W. S.
Paciesas 2001, in preparation).

In principle, the variability shown in Figure 2 could also
be a result of a variable However, setting in ourNH. NH \ 0
models of ° 3.2 does not reproduce the highest count rate
shown in Figure 2. For that, we have found that the intrin-
sic power-law index would have to be ! ^ 1.95. As already
found in ° 3.2, such a ! gives a relatively bad Ðt to the
average spectrum as well as it not having been observed by
ASCA and RXT E (see ° 5 below). Also, a model with vari-
able has been considered by M91, who ruled it outNHbased on the extensive EXOSAT monitoring. Finally, that
model would not explain the UV/X-ray correlation dis-
cussed above.

5. COMPARISON WITH ASCA, RXT E, AND OSSE

Figure 4 shows a comparison of the spectrum from
BeppoSAX (black symbols ; the LECS and PDS spectra are
renormalized to that of MECS) with those from ASCA (red
crosses ; the data from the four ASCA detectors are normal-
ized to SIS0 and co-added, W98), RXT E (green crosses ; the

data are from E00), and OSSE on the Compton Gamma Ray
Observatory (CGRO ; blue crosses, W98).

As seen in Figure 4, the ASCA spectrum shows that both
the continuum and the line proÐle are remarkably similar to
that of the BeppoSAX spectrum. However, the ASCA data
show a spectral break at D4 keV, with ! ^ 2.0 and 1.75
below and above the break, respectively (using the same
data as W98). Then the model with a broken power law and
Compton reÑection tied to the Fe Ka line yields both reÑec-
tion and line parameters that are very similar to those in the
BeppoSAX data, namely, keV,)/2n \ 0.50~0.19`0.55, EKa ^ 6.4

keV, and eV. When the presence ofpKa ^ 0.24 WKa ^ 75~29`83
the break is not taken into account and the ASCA data are
Ðtted with a single power-law continuum and a line with
free parameters, an unphysical line with keVpKa D WKa D 1
appears, as discussed by W98.

Since the break at 4 keV is not seen in the BeppoSAX
data, we have considered possible causes of its presence in
the ASCA data. We note Ðrst that a similar break appears
in the RXT E data (see below), with the spectrum below 3.5
keV being signiÐcantly softer than that above it. However,
this may result from calibration problems, as is shown to be
the case, e.g., for a simultaneous ASCA/RXT E observation
of Cyg X-1 et al. 1999), and, accordingly, E00(Gierlin! ski
have not taken into account the energy range below D4
keV in their analysis. We then looked at possible discrep-
ancies between the ASCA SIS and GIS data. We found that
the SIS data at keV and keV are somewhat harderZ5 [1
and softer, respectively, than the GIS data (in both versions
of the ASCA data of W98 and of Sambruna et al. 1999).
However, when we ignored the SIS data above 5 keV and
either SIS or GIS data below 1 keV, we obtained virtually
identical parameters of the broken power-law Ðt, with only
a slight change of the hard power law of *! \ 0.05. Thus,
we conclude that the (small) discrepancy between the SIS

FIG. 4.ÈComparison of X-ray spectra of 3C 120 observed by BeppoSAX (black crosses and curve), RXT E (green crosses), ASCA (red crosses), and OSSE
(blue crosses). In the 4È10 keV range, the RXT E, BeppoSAX, and ASCA spectra are from top to bottom.
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τT = σTn
′
e0r(z0) = 1 , (2)

z0 then denotes approximately the localization of the0.511MeV
photosphere. The opacity parameter τ0 ≤ 1 prevents the solu-
tions from an unphysical strong absorption. z0 is to be found by
integrating the system backwards, down to small z, where the
soft photon density matchesnsD emitted by the disk. For z ≥ z0
the high energy photons ε1 ≥ 1 are still absorbed by the pair
production effect (see Eq. (1)). Only the absorption of ns(z) by
IC effect and ne(z) by annihilation can explain the drop of τγγ ,
and the formation of an energy dependant gamma-ray photo-
sphere. This differential absorption explains the spectral break
observed above MeV energies in the laboratory frame.

3. Comparisons to the Centaurus A X-ray spectrum

3.1. The parameters of the model

The free parameters used in this model are:

– The angle between the observer and the jet axis, θ1.
– The mass of the central object M (in solar masses M"),

which mainly controls the radius of the jet, taken to be 10rG.
– The accretion rate Ṁ (in M"/yr).
– The particle distribution index s, related to the X-ray energy

spectral index α< = (s− 1)/2.
– The opacity parameter τ0.

In fact, the high energy spectrum is not very sensitive to varia-
tions of the accretion rate and hence to the disk luminosity (see
MHP for explanations). The spectral index is constrained by the
the observations below the spectral break, and the parameter τ0
is found to take limited values around 0.1. This leads to only
two real free parameters; the angle θ1 and the radius of the jet
(or equivalently the central mass with the above assumption).
It is important to realize that other important parameters, as the
particle density, the distance from the center, the plasma veloc-
ity, are not free but are linked to the above quantities through
the differential equations and their boundary conditions.

We apply our model to the 1991 simultaneous OSSE/-
COMPTEL (VP 12) observations, together with EGRET results
from Thompson et al. (1995). The best fit for a cylindrical jet is
given in Fig. 1.

For a Schwarzschild black hole we used the following set of
parameters: M = 3.106M", Ṁ = ṀEdd, s = 2.7, τ0 = 0.08,
θ1 ∼ 80◦, where ṀEdd denotes the Eddington accretion rate.
The internal radius of the disk is ri = 3rG and the external one
is re = 3000rG. The emission zone z0 is found to be located
around 100 rG.

The derived angle confirms the misaligned nature of the
Centaurus A jet and is in agreement with the previous derivations
of the direction of the line of sight inferred from HII distributions
studies (Graham (1979)), which is a little smaller.

3.2. A red-shifted spectral break

For the high state, the spectral break verifies well the relation
α> − α< = α< = (s− 1)/2 ∼ 0.7. Such a value is explained

Fig. 1. Comparison between the high state of emission in 1991 and our
model (solid line). The dotted line represents the annihilation compo-
nent. The parameters are defined in the text. OSSE data are from Kinzer
et al. (1995), COMPTEL data from Steinle et al. (1996) and EGRET
data from Thompson et al. (1995) (dashed lines).

by the strong (exponential) absorption of the soft photons in the
Thomson optically thick plasma at z0 where the pair density
reaches values of order of 1011cm−3 for Centaurus A.
As pointed before, this strong absorption zone also corresponds
to the gamma-ray photosphere of 0.511 MeV in the pair plasma
rest frame. In the observer frame a Lorentz transformation shifts
the energy of this optically thin region to 0.511D0 MeV, where
D0 = [γb0(1−βb0 cos θ1)]−1 is the Doppler factor at the emis-
sion zone.

If the soft photon source is a standard accretion disk the
bulk Lorentz factor of the beam, for ri < z < re, scales as (see
Eq. (36) in MHP)

γb ≡ (z/ri)1/4, (3)

In the present case, the infered angles between the jet and the
line of sight directions give cos θ1 & 1, the Doppler factor at the
emission zoneD0 ∼ γ−1

b0 is lower than 1, and the spectral break
is red-shifted for an external observer. For a spectral break at
∼ 120−150 keV depending of the state of the object we obtain
γb0 ∼ 4.3 − 3.4. This corresponds well to the value expected
around 100 rG The annihilation line, which plays a minor role
here, is also red-shifted down to an energy of 0.511D0 MeV
(see Eq. (67) in MHP).

3.3. Low states of activity

The 1992-1994 low state of activity shows a spectral softening
located at a higher energy (∼ 150 keV). Below the break, the
energy spectral index (∼ 0.7) does not seem to depend on the
intensity level. Only the higher energy data from OSSE, COMP-
TEL and EGRET can constrain value of the spectral break. Un-
fortunatly the OSSE-EGRET (VP 316) and COMPTEL (1992-
1993) observations are not simultaneous, and precise value of
the break can not be deduced. We argue that in our scheme the
low state of activity can be associated with a less efficient pair
formation process. This effect can be quantified by relaxing the
“type I” opacity conditions used in our simulations (see Eq. (2)).
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X-rays are generated by IC processes in the accretion disk 
corona or/and in the jet for radio galaxies
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UV flux τ

Figure 2: Intrinsic spectral variability in 3C 120 inferred using a model of a thermal cloud of plasma
characterised by an optical depth τT irradiated by a UV flux. Left panel: Effect of increasing or
decreasing the UV flux by a factor of 2 with respect to the spectrum shown by the solid curve (from
ZG01). The plasma temperature adjusts itself to the variable UV cooling, which then results in changes
of the X-ray slope. The observed softening of the X-ray slope with an increase of the UV flux implies,
in this model, a corresponding reduction of the plasma temperature. We see that the 2–10 keV flux
increases with increasing Γ , as in fact commonly observed in some Seyfert galaxies. Right panel: same
as above, but with τT increased and decreased by a factor of 2 with respect to the model shown by the
solid curve. The plasma temperature adjusts itself to energy balance given by the constant ratio of the
power dissipated internally to that in the irradiating seed spectrum. Bottom panel: same as above,
but with τT increased and decreased by 20% only with respect to the model shown by the solid curve
and kT is kept constant.

2.3 Testing the reprocessing models

Reprocessing models assume that hard X-ray photons reprocessed on cold matter are the cause of most
(of the variable part) of the ultraviolet and soft X-ray fluxes in addition to the Compton reflection hump
and the Iron fluorescence line. If this is true we should expect to observe correlated variability between
those spectral components (the lag is expected to be small in comparison to the duration of the proposed
observation).

To verify those models we plan to correlate the flux of the reflection hump, the ultraviolet/soft-X ray
fluxes and the Iron line flux to the hard-X ray flux to verify if reflection models are compatible with the
observed variations. The reflection component was well detected in 3C 120 by SAX (ZG01). Simulations
shows that the 2.7σ uncertainty in the intensity of the reflection component observed with INTEGRAL

will be as low as 30% and that variations of the Iron line could be studied with integration time of
100 ksec.

The proposed INTEGRAL observation alone will therefore allow to divide the data in about 5 bins to
compare the direct and reprocessed X-ray components measured in different bands.

Using the knowledge of the cutoff energy and of its variability behaviour as measured by INTEGRAL,

For a few bright sources, MAX will allow to study the spectral 
variability and hence the physics behind.

The source of the variability (inferred from the UV/X-ray 
bands) could be tested for the first time.



MAX and Seyfert galaxies

• If all Seyferts feature a spectral cutoff at 200 keV, MAX 
will provide meaningful upper limits to the cutoff energy 
for several dozen objects (cutoff energies have been 
determined for only a handful objects).

• There are a few Seyferts and radio galaxies that will be 
detected by MAX.

• If part of the X-ray bright Seyfert galaxies (e.g. the radio 
loud ones) have higher cutoff energies, MAX will detect 
them.

• For detected sources, multi-wavelength campaign 
including MAX will provide unique tests. 



3C 273:  “Seyfert” model
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Photon starved pair models reproduce the spectral variations. A slope of -0.62 points to a low 
compactness (l <10), optically thin (τ≈0.2) and quasi thermal (εe≈ 2-5 mec

2) e- cloud, source of 

inverse Compton emission. Non thermal e- required to explain the gamma-ray spectrum.

Static high compactness model (Zdziarski, Svensson) do not reproduce the spectral variations, 
however they explain the spectral slope and predict broad annihilation line at 511 keV.
 



3C 273:  “blazar” model

Marcowith, Henri and Pelletier (1995)
IC occurs in the jet at 200RG above the disk, where the pair density is maximized
➛ predict the correct spectral break
➛ spectral index and its variations are related to the electron energy distribution, 
    observed spectral variations are not explained.
➛ predict a Doppler boosted broad annihilation line (above the MAX energy bands)
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MAX and 3C 273 
•
• MAX will detect 3C273 with no doubt, where its 

continuum is the brightest and where the spectral 
break occurs

• Simultaneous X-ray, MAX and GLAST observations 
would allow to study the complete high energy 
continuum of 3C273 and its variability for the first 
time and provide unique constraints on existing 
models

• Annihilation features are not excluded (however 
unlikely according to current models)
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redshift z \ 1. The disk luminosity is assigned the valueL
d1047 ergs s~1. We set The reason for this choiceL

C
* \ L

d
/!.

is that the jet luminosity should normally be less than the
disk luminosity, since the accretion power is supplying the
jet luminosity, and the factor !~1 accounts for the addi-
tional power required by the bulk motion of the jet. For the
annihilation luminosity, we take L

a
* \ 0.1L

C
*.

As can be seen in the disk radiation is indepen-Figure 1,
dent of observing angle and the annihilation radiation is
less beamed than the strongly anisotropic Compton-
scattered radiation. For this simple model, the disk pro-
duces X-ray emission only, the Compton scattered
radiation always dominates at gamma-ray energies above
10 MeV and the annihilation radiation appears as an
enhancement in the MeV range that, for certain observing
angles, can dominate the Ñux at MeV energies. Hence, for
small observing angles, the source appears as a gamma-ray
emitting blazar with the luminosity dominated by high-
energy gamma-rays and the source displays properties
similar to a large fraction of the more than 50 gamma-ray
blazars detected with EGRET (see, e.g., Montigny et al.von

At angles slightly o†-axis the high-energy radiation1995).
Ñux decreases and the bulk of the high-energy gamma-ray
luminosity comes out in the MeV range. The annihilation
feature can dominate at moderate observing angles. At
larger angles, the disk radiation dominates the observed
Ñux, although scattered jet radiation could make a substan-
tial contribution to the Ñux at MeV energies (Skibo,
Dermer, & Kinzer Note also that radio-loud AGNs1994).
could exhibit time-variable hardenings and features at MeV
energies due to the electron-positron component, as sug-
gested in the h \ 30¡ panel in Figure 1.

We use this model to Ðt the Comptel data for the blazars
PKS 0208[512 at redshift z \ 1.003 and PKS 0506[612
at z \ 1.093 et al. et al. In(Bloemen 1995 ; Blom 1995).
Figures and we show the contemporaneous gamma-ray2 3
observations of these sources made with the Comptel and
EGRET instruments on CGRO. The X-ray points are non-
contemporaneous observations made with ROSAT

Siebert, & Boller In these Ðts, we Ðx the(Brinkman, 1994).
relative luminosities of the various spectral components to
satisfy For the case of PKS 0208[512,L

a
* \ L

C
* \ !~1L

d
.

the bulk Lorentz factor ! \ 3, the inclination angle h \ 18¡

FIG. 2.ÈHigh-energy spectrum of PKS 0208[512. The individual
components are speciÐed by the curve types as in The parametersFig. 1.
are a

d
\ 0.5, #

a
\ #

d
\ 0.5, v0 \ 10~6, v

c
\ 10~3, c1 \ 1, c2 \ 106, c

b
\

103, ! \ 3, and h \ 18¡.p1 \ 2.1, p2 \ 3.1,

FIG. 3.ÈHigh-energy spectrum of PKS 0506[612. The individual
components are speciÐed by the curve types as in The parametersFig. 1.
are the same as in except ! \ 11 and h \ 9¡.Fig. 2

and the luminosity ergs s~1. For PKS 0506[612,L
d
\ 1047

we let ! \ 11, h \ 9¡ and ergs s~1. All otherL
d
\ 3 ] 1046

parameters are the same as used for The param-Figure 1.
eters used in the Ðts are not unique but are typical for
gamma-ray blazars. Thus, if jets are composed of electrons
and positrons that thermally annihilate, then the existence
of a class of MeV blazars could be a straightforward conse-
quence of the di†erent beaming patterns of the radiations.

3. DISCUSSION

In this paper, we have considered implications of the sug-
gestion that the features in MeV blazars arise from thermal
annihilation radiation in a relativistic jet, as suggested by
previous authors (see The existence of a class of MeV° 1).
blazars can be understood by orientation e†ects if the
beaming patterns of the nonthermal radiation is di†erent
from that of the annihilation radiation. If the gamma rays
are produced by nonthermal jet electrons scattering
photons produced external to the jet, then the annihilation
radiation has a broader beaming pattern. This could
account for the existence of the class of MeV blazars, and
would be consistent with uniÐcation scenarios for radio-
emitting AGNs (see, e.g., & Padovani for a recentUrry 1995
review). Moreover, if this interpretation is correct, then we
predict that radio galaxies will exhibit time variable hard-
enings and features at MeV energies that would correlate
with increasing core dominance.

Gamma-ray observations of line features and contempo-
raneous VLBI measurements of transverse angular speeds
from relativistic plasma outÑows provide a method to
determine the Hubble constant. The radio observations
furnish the apparent speeds, and the gamma-ray obser-
vations give the Doppler and cosmologically shifted energy
of the annihilation line. As noted earlier by &Roland
Hermsen measurements of D and the apparent(1995),
superluminal speed can be used to determine the angle of
the jet with respect to the observer and the bulk Lorentz
factor ! of the outÑowing plasma. As shown in the Appen-
dix, multiple contemporaneous observations of the shifted
line energies and transverse angular speeds provide a
method to determine the Hubble constant. This is an exten-
sion of the work of & Dermer who pro-Schlickeiser (1995),
posed a model-dependent method for measuring D from the
broadband spectral energy distribution of blazars. If the
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eters used in the Ðts are not unique but are typical for
gamma-ray blazars. Thus, if jets are composed of electrons
and positrons that thermally annihilate, then the existence
of a class of MeV blazars could be a straightforward conse-
quence of the di†erent beaming patterns of the radiations.

3. DISCUSSION

In this paper, we have considered implications of the sug-
gestion that the features in MeV blazars arise from thermal
annihilation radiation in a relativistic jet, as suggested by
previous authors (see The existence of a class of MeV° 1).
blazars can be understood by orientation e†ects if the
beaming patterns of the nonthermal radiation is di†erent
from that of the annihilation radiation. If the gamma rays
are produced by nonthermal jet electrons scattering
photons produced external to the jet, then the annihilation
radiation has a broader beaming pattern. This could
account for the existence of the class of MeV blazars, and
would be consistent with uniÐcation scenarios for radio-
emitting AGNs (see, e.g., & Padovani for a recentUrry 1995
review). Moreover, if this interpretation is correct, then we
predict that radio galaxies will exhibit time variable hard-
enings and features at MeV energies that would correlate
with increasing core dominance.

Gamma-ray observations of line features and contempo-
raneous VLBI measurements of transverse angular speeds
from relativistic plasma outÑows provide a method to
determine the Hubble constant. The radio observations
furnish the apparent speeds, and the gamma-ray obser-
vations give the Doppler and cosmologically shifted energy
of the annihilation line. As noted earlier by &Roland
Hermsen measurements of D and the apparent(1995),
superluminal speed can be used to determine the angle of
the jet with respect to the observer and the bulk Lorentz
factor ! of the outÑowing plasma. As shown in the Appen-
dix, multiple contemporaneous observations of the shifted
line energies and transverse angular speeds provide a
method to determine the Hubble constant. This is an exten-
sion of the work of & Dermer who pro-Schlickeiser (1995),
posed a model-dependent method for measuring D from the
broadband spectral energy distribution of blazars. If the

Simultaneous observation in the X-rays, and with MAX and 
GLAST would be very useful to constraint the continuum
and to study how the SSC or IC models fit.

Broad annihilation lines possibly observed by Comptel are 
too broad for MAX, however multi-wavelength observations 
involving MAX could confirm them. 



TeV Blazars

here, that the radio waves are created in the same region as
the high-energy photons. In this case, the parameter !max is
important, since most of the power is injected at the highest
permitted values of the Lorentz factor. The remaining
parameters are the electron compactness le and the escape
time tesc, which do not have a strong influence on the shape
of the X-ray and TeV spectra, but only on the flux levels.

Using these starting values, we find the best-fit models for
the high and low states of Mrk 421 and Mrk 501 as given in
Table 1. In each case, the differences between the optimal
parameter values and the starting values given by equations
(2) and (3) are small. The "2 values associated with these fits,
taking into account the error introduced by the uncertainty
in intergalactic absorption, are unusually small. This indi-
cates two things: (1) the SSC model provides a good fit, and
(2) the errors inferred from uncertainty in the SED of the IR
are probably too generous. We may conclude that the actual
value of the intergalactic absorption lies closer to the mean
of the two extreme models given by Malkan & Stecker
(2001) than those suggested by our assumption that these
represent 1 # deviations.

In Figures 3 and 4 we show the fits for both BL Lac
objects, Mrk 501 and Mrk 421, in the TeV range, in the case
of Mrk 421 in both high and low states. In order to derive
the time-averaged spectrum of Mrk 501 (see also x 2), which
extends up to 17 TeV, we assume that despite the different
levels of emission, the TeV !-ray spectrum of Mrk 501
remains the same as that derived from the HEGRA data

(Aharonian et al. 1999a).1 The same models are shown
together with the X-ray data in Figures 5 and 6. The
complete SSC fits for Mrk 501 and Mrk 421 are shown in
Figures 7 and 8.

Interestingly, the !max values (see Table 1) providing the
best fit to the data are very different for Mrk 421 and Mrk
501. The position of a peak in the deabsorbed !-ray spec-
trum of Mrk 501 is at about 8 TeV, whereas for Mrk 421 it is
at a noticeably lower energy of about 2 TeV. The value of
!max strongly correlates with the maximum energy of the
observed IC photons as given by, e.g., Kino et al. (2002).
We also find that the main difference between the high and
low states of Mrk 421 can be accounted for by a change
in !max (as discussed earlier by Fossati et al. 2000) and in
luminosity, which, however, is not large.

Recent observations of Mrk 421 and Mrk 501 have
revealed variability on the very short timescale of !a few
times 103 s (see x 2). Combined with the fact that the deab-
sorbed spectrum of Mrk 501 is rather flat at TeV energies
(Konopelko et al. 1999a) (so that $C;27 > 1), it is evident

1 The CAT group claimed evidence for spectral variability in the Mrk
501 !-ray spectrum during the same observational period as HEGRA
(Djannati-Atai et al. 1999). However, the CAT instrument has a substan-
tially lower energy threshold, Eth ’ 250 GeV, whereas HEGRA has an
energy threshold of about 500 GeV. Here we are interested in data around
and above 1 TeV, where spectra taken at different fluxes have similar
spectral shapes.

Fig. 7.—Combined X-ray/TeV !-ray spectrum of Mrk 501 together with
the best-fit SSC model.

Fig. 8.—Combined X-ray/TeV !-ray spectrum of Mrk 421, together
with the best-fit SSC models for both the high and low states.

TABLE 1

Summary of Physical Parameters Used for the SSCModels

Source State %
R

(cm) s !max le

B
(G) tcros=tesc "2=dof

Mrk 501 .............. . . . 50 3:5 " 1015 1.60 1:2 " 106 3:50 " 10#5 0.04 1.2 0.90
Mrk 421 .............. High 55 4:8 " 1015 1.75 5:0 " 105 1:23 " 10#5 0.10 1.1 0.53
Mrk 421 .............. Low 55 4:8 " 1015 1.75 3:0 " 105 0:82 " 10#5 0.10 1.1 0.61
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Mrk 501 Mrk 421

MAX could detect 10-20 High Energy Peaked Blazars for the first time in the synchrotron 
Compton transition zone.  This allows an independent measure of γmax.

Simultaneous observations in the X-rays, with MAX, GLAST and in the TeV range will be very 
constraining.

Annihilation features are expected to be completely smeared out.



MAX and blazars 

•
• MAX could detect at least 20 blazars

• MAX will observe MeV blazars close to their 
maximum and TeV blazars close to their minimum

• Simultaneous X-ray, MAX, GLAST and TeV 
observations would be very constraining

• Broad annihilation lines could possibly be 
confirmed



MAX and AGNs 

• Multi-wavelength observations with MAX 
will help constraining the continuum 
emission much better

• MAX is necessary to explore the variability 
of bright sources in the MeV band

• According to current models, narrow 
annihilation lines are unlikely but broad 
lines should be looked for


