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A B S T R AC T



Relativistic e^ particles and cosmic rays are accelerated in the magnetospheres of supermassive black holes and neutron stars. The possibility of synchrotron radiation with extremely high intensity inside the deepest regions of magnetospheres is investigated. Very high brightness temperatures are expected for such radiation by relativistic protons, which can be made even higher in the presence of non-stationary conditions, Doppler boosting and coherent processes. The main parameters for models of such high-brightness-temperature radiation are determined. Two types of active galactic nuclei (AGNs) are expected. One type is associated with the acceleration and ejection of relativistic e^ particles only (probably nonIDV sources and FR-I radio galaxies). The second type of AGN is also associated with e^ acceleration, but is dominated by the contribution of relativistic protons (probably IDV sources and FR-II radio galaxies). Analogous objects for pulsars are plerion and shell supernova remnants with neutron stars or pulsars without synchrotron nebulae, respectively. Key words: radiation mechanisms: non-thermal – stars: neutron – cosmic rays – galaxies: nuclei – radio continuum: general.
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INTRODUCTION



Models in which the acceleration of cosmic rays takes place inside supernova envelopes, in neutron star magnetospheres, in interstellar clouds as a result of turbulent motions and in AGNs have been considered (Ginzburg 1990; Meyer & Ellison 1999; Boldt & Ghosh 1999; Mikhailov 1999). The most difficult problem is identifying the sources of particles with the highest energies – up to 1020 eV and higher. Such energies are probably achieved during induction acceleration in the magnetospheres of pulsars and in AGN (Kardashev 1995). Strong gamma-ray emission near 100 MeV and at higher energies has indirectly confirmed the view that cosmic rays are generated in the interstellar medium, if we suppose that such emission is the result of p0 meson decays, and that the p0 particles originate in collisions of relativistic protons with protons of the interstellar material (Bloemen et al. 1986; Moskalenko, Strong & Reimer 1998). However, gamma-ray emission can also be generated in other processes, for example by self-Compton scattering of relativistic electrons. We consider here a model with synchrotron radiation by relativistic protons, in order to explain the extremely high radio intensities of some types of AGNs and pulsars. Such models were proposed early by Pacini & Rees (1970) and Jukes (1967). We also consider simple models with non-stationary conditions, Doppler boosting and coherent amplification. These are compared with the P
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predictions of the usual e^ synchrotron radiation model and with the results of astronomical observations.



2 T H E B R I G H T N E S S T E M P E R AT U R E O F SYNCHROTRON EMISSION According to Kellermann & Pauliny-Toth (1969) and Kardashev (2000), the maximum brightness temperature of synchrotron radiation is limited by self-absorption and inverse Compton scattering, and is given by the relation 1=7 6=7 n1a T ¼ aðmc 2 / kÞðm 2 c 4 e 23 H 21 d / ð1 1 zÞ31a ’ Þ N



ð1Þ



Here, m and e are the rest mass and electric charge of the emitting particles, H’ is the magnetic field component orthogonal to the particle motion, N is the coherency amplification factor (the coherent volume charge is eN and its rest mass is mN ), d ¼ g 21 ð1 2 b cos QÞ21 is the Doppler boosting factor for a source moving with velocity v at angle Q to the line of sight, g ¼ ð1 2 b 2 Þ20:5 , b ¼ v/ c, z is the redshift, and a is the spectral index, where the flux from the source is F n / n a . For ballistic motion of the source as a whole, n ¼ 3, while for a continuous jet, n ¼ 2 (Lind & Blandford 1985). A model with synchrotron radiation and inverse Compton scattering of relativistic particles moving only in a very narrow velocity cone was considered by Woltjer (1966), and described using a factor analogous to the Doppler boosting factor. For a mono-energetic particle spectrum, a ¼ 0:725. We then q 2001 RAS



Active galactic nuclei and pulsars have for e^ and protons (with N , d , 1, z ! 1Þ 21=7 T e ¼ 0:77  1012 H ’ 16



T p ¼ 1:2  10



21=7 H’



ðKÞ; ðKÞ:



ð2Þ



Here and below, H’ is in Gauss. For a power-law energetic particle spectrum NðEÞ ¼ AE 2g 21=7 T e ¼ aðgÞ1:07  1012 H ’



ðKÞ;



21=7 T p ¼ aðgÞ1:68  1016 H ’



ðKÞ:



ð3Þ



For g ¼ 1; 2 and 3, a(g ) is equal to 0.69, 0.30 and 0.19. For curvature radiation from a mono-energetic particle spectrum T ¼ a 7=8 ðmc 2 / kÞð0:75mc 2 e 22 rc Þ1=8 N 7=8 d n1a / ð1 1 zÞ31a ;



ð4Þ



where rc is the curvature radius of the magnetic field lines. All the above formulae are valid for stationary conditions. For the model of Slysh (1992) with a continuous injection of relativistic particles in the emitting region, where they lose energy via synchrotron radiation and inverse Compton scattering, the final particle energy is independent of the initial energy and is determined by the relation E ¼ ð4pn3c sT m 22 c 26 tÞ0:5 ;



ð5Þ



where t is the life time of the particles in the emitting region, sT is the Thompson cross-section, nc is the characteristic frequency of synchrotron or curvature radiation



nc ¼ ð3=4pÞeE 2 H ’ / ðm 3 c 5 Þ or nc ¼ ð3c/ 4pÞðE/ mc 2 Þ3 / rc :



ð6Þ



and nc is independent of N if E is the total energy of a coherent volume. For a mono-energetic particle spectrum with n , nc and selfabsorption of the synchrotron radiation, a simple and very useful relation between the particle energy E and brightness temperature T is E ¼ ð4=3ÞkT;



ð7Þ



which can be used to determine E from the observed T, and then H’ or rc using equation (6). Using relations (5)– (7), the maximum brightness temperature is (for d , 1 and z ! 1Þ T ¼ ð3=16pÞm 2 c 5 k 21 e 22 ð2t/ 3Þ20:5 nc21:5 :



ð8Þ



This last relation is independent of the coherency factor N. If equation (8) is applied to intraday variable (IDV) galactic nuclei, then 13



20:5



ðKÞ;



T p ¼ 1  1020 ðnc / 30 GHzÞ21:5 ðt/ 1 dÞ20:5



ðKÞ:



T e ¼ 3  10 ðnc / 30 GHzÞ



21:5



ðt/ 1 dÞ



ð9Þ



For pulsars T e ¼ 8  1018 ðnc / 1 GHzÞ21:5 ðt/ 30 msÞ20:5



ðKÞ;



T p ¼ 3  1025 ðnc / 1 GHzÞ21:5 ðt/ 30 msÞ20:5



ðKÞ:



ð10Þ



Relation (9) indicates the possibility of searching for IDV sources with T p & 1020 K, with t ¼ 1 d, nc ¼ 30 GHz, Ep ¼ 1:2  1016 eV, H ’ ¼ 0:3 G, N , d , 1, z ! 1. Relation (10) corresponds to pulsar emission with T p & 1025 K, q 2001 RAS, MNRAS 326, 1122–1126
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with t ¼ 0:01 s, nc ¼ 1 GHz, N ¼ 1:6  1010 , E ¼ 6  1021 eV, Ep ¼ E/ N ¼ 4  1011 eV, rc ¼ 109 cm. Consequently, non-stationary models with relativistic proton radiation can explain the very high observed brightness temperatures corresponding to IDV extragalactic radio sources (Heeschen et al. 1987; Machalski & Engels 1994; Wagner & Witzel 1995; Romero, Surpi & Vucetich 1995; Wagner et al. 1996; Kedziora-Chudczer et al. 1997; Kraus et al. 1999a; Kraus, Witzel & Krichbaum 1999b; Dennett-Thorpe & de Bruyn 2000) and pulsars. The main advantage of models with proton synchrotron radiation is the extremely small energy losses of relativistic protons: E_ / H 2’ E 2 m 24 , so that proton losses are a factor of 1013 lower than e^ losses for particles with the same energy. The characteristic frequency of the radiation spectrum nc / H ’ E 2 m 23 is a factor of 1010 lower for protons than for e^. The lifetimes of protons are much longer than of e^ with the same nc and magnetic field: tp / te ¼ ðmp / me Þ2:5 ¼ 1:4  108 . This suggests that we should expect proton radiation to be dominant in regions with strong magnetic fields or high radiation densities, where relativistic e^ particles will rapidly lose their energy owing to their very strong synchrotron radiation and/or inverse Compton scattering. For pffiffia power-law spectrum of relativistic particles, p n ¼ ½ 3e 3 H ’ / ðmc 2 ÞŠFðn/ nc Þ; and for n ! nc, Fðn/ nc Þ ¼ 2:15ðn/ nc Þ1=3 ; that is, pn / ðH ’ / EÞ2=3 n 1=3 , independent of the rest mass m. Curvature radiation of relativistic protons is also expected for regions where e^ are absent owing to strong losses. To conclude this part of the paper, we wish to estimate the maximum energy of relativistic e^ coexisting with relativistic protons. Let us suppose that the e^ particles are accelerated by a nearly plane electromagnetic wave of very high intensity, radiated by the relativistic protons. From the relation 3rsT t/ ðmcÞ ¼ ð1 1 v/ cÞ2 ð2 2 v/ cÞg 23 2 2 (Landau & Lifshitz 1971), we find the Lorentz factor



g ¼ ½ð3rsT tm 21 c 21 1 2Þð1 1 v/ cÞ22 ð2 2 v/ cÞ21 Š1=3 :



ð11Þ



Here, the radiation density is r < rn nc < 2kT n3c Vc 23 , V is the solid angle for the wave propagation, and t is the time for the particles to leave the region. Let us suppose we are dealing with AGN, with T ¼ 1020 K, v/ c , 1, nc ¼ 30 GHz, V ¼ 0:03 and t ¼ 1 d. We then find from equation (11) that g , 1; that is, the e^ particles are accelerated only to mildly relativistic energies. The analogous estimate for a pulsar with T ¼ 1025 K, v/ c , 1, nc , 1 GHz, V ¼ 0:003 and t ¼ 10 ms is g , 1. 3



M O D E L S O F C O S M I C R AY S O U R C E S



Suppose that some compact radio sources with non-thermal spectra from the magnetospheres of supermassive black holes and neutron stars lose energy via synchrotron or curvature radiation by relativistic protons, and that relativistic e^ are virtually absent. We will consider some examples of such models and compare them with e^ models.



3.1



Supermassive black holes (SMBHs)



(1) Let us assume a mono-energetic relativistic-proton spectrum, distance D ¼ 2 Gpc, flux of synchrotron radiation F n ¼ 1 Jy, characteristic frequency nc ¼ 30 GHz, beaming solid angle
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V ¼ 0:03, synchrotron luminosity Ls ¼ F n nc VD 2 ¼ 3  1041 erg s21 and optical depth for the mono-energetic spectrum (Pacholczyk 1970) 22:5 tn ¼ 3ð4pÞ21:5 e 3:5 m 22:5 c 22:5 H 1:5 kðxÞN T : ’ nc



ð12Þ



Here, NT is the column number of relativistic particles; for x;n/ nc ¼ 1, kð1Þ ¼ 1:10. For nearly relativistic protons, Ep , 0:0015 erg, the expected brightness temperature from equation (7) is T ¼ 8  1012 K when tn , 1. From equation (6), the magnetic field H ’ ¼ 1:3  107 G. We have from equations (6) and (12) pffiffi N T < 3nc E 3 e 22 m 22 c 25 / kð1Þ



ð13Þ



and for the adopted parameter values, we find N T < 1  1016 cm22 : The angular diameter f* can be found from F n ¼ ð2kT/ l2c Þðpf2* / 4Þ;



lc ¼ c/ nc :



ð14Þ



We have from this equation f* ¼ 16m as and the linear diameter d * ¼ f*D ¼ 5  1017 cm. The variability time-scale is t* ¼ d */ c ¼ 0:5 yr; total number of relativistic protons is Q ¼ N T ðpd 2* / 4Þ ¼ 2  1051 ; their total energy is W ¼ QE ¼ 3  1048 erg and the power of the cosmic ray source is Lcr ¼ W/ t* ¼ 2  1041 erg s21 : (2) Now let the brightness temperature be much higher than the usual limit of 1012 K, D ¼ 2 Gpc, F n ¼ 1 Jy, nc ¼ 30 GHz, V ¼ 0:03 and the variability time-scale correspond to T ¼ 1020 K. We then have from equation (14) f* ¼ 4 nas, d * ¼ 1:3  1014 cm, t* ¼ 1:2 h. When the density of relativistic particles is high, the brightness temperature increases owing to density fluctuations. From equation (13), using the coherency factor pffiffi N T ¼ 3e 22 m 22 c 25 nc E 3 N 24 / kð1Þ:



ð15Þ



According to equation (7), E ¼ 1:8  104 erg is the energy of an individual coherent condensation or particle when N ¼ 1. If the power of the relativistic proton source is Lcr ¼ 1048 erg s21 , the total energy in the source volume is W ¼ Lcr t* ¼ 4  1051 erg and the number of condensations is Q ¼ W/ E ¼ 2  1047 , N T ¼ Q/ ðpd 2* / 4Þ ¼ 1:5  1019 cm22 : Comparing this with equation (15), we find pffiffi 1=4 N ¼ ½ 3e 22 m 22 c 25 nc E 3 N 21 T / kð1ÞŠ ;



ð16Þ



whence N ¼ 3  104 , the proton energy is Ep ¼ E/ N ¼ 0:6 erg ¼ 380 GeV; and the number of protons is Qp ¼ QN ¼ 6  1051 . Relations (6) together with the coherency factor can be used to estimate H’ or rc H ’ ¼ ð4p=3Þm 3 c 5 e 21 nc E 22 N 2 ;



rc ¼ ð3=4pÞlc ðE/ mc 2 Þ3 N 23 :



ð17Þ



For our example, we find H ’ ¼ 80 G and rc ¼ 1:6  107 cm. It is possible to estimate the relativistic proton energetic losses owing to synchrotron radiation and inverse Compton scattering. If the synchrotron radiation and particle flux are concentrated in the solid angle V ¼ pc 2 , then the angles between the particle velocities and radio photons are &c. If V ¼ 0:03, then c , 0:1. The energy losses for each particle as a result of the radiation and



scattering of synchrotron photons are (Woltjer 1966) E_ s ¼ 2ð2=3Þðe 2 / mc 2 Þ2 ðEp / mc 2 Þ2 H 2’ ; E_ IC ¼ 2ð32p=3Þðe 2 / mc 2 Þ2 ðEp / mc 2 Þ2 F s* sin4 ðc/ 2Þ;



ð18Þ



where the bolometric flux of synchrotron radiation inside the source is F s* ¼ F n nc ðD/ d *Þ2 ¼ 6:4  1014 erg cm22 s. Then, E_ s ! E_ IC , E_ IC ¼ 5  10216 erg s21 , and the energy-loss timescale is t ¼ Ep / E_ IC ¼ 1:2  1015 s; that is, protons escape virtually without losing energy. The maximum frequency of the scattered photons is n* ¼ nc ðEp / mc 2 Þ2 c 2 ¼ 5  1013 Hz, but if the radio emission is isotropic, this frequency becomes n* ¼ nc ðEp / mc 2 Þ2 ¼ 5  1015 Hz: The luminosity of the scattered radiation is LIC ¼ E_ IC Qp ¼ 3  1036 erg s21 for a narrow-beam model, and 5  1041 erg s21 for c ¼ p in equation (18). (3) Let us search for a model similar to the previous example, but with relativistic e^ particles. Let the values of D, Fn, nc, V, c, T, f*, d*, t*, E, Lcr, W, Q, NT, and Fs be the same as in example 2. Then, N ¼ 1:4  106 and H ’ ¼ 2  1025 G, which is unacceptable. Curvature radiation with rc ¼ 1:3  1012 cm is more plausible. The e^ energy is Ee ¼ 0:013 erg ¼ 8 GeV, total number of e^ is Qe ¼ 3  1053 , energy losses per particle are E_ s ! E_ IC ; E_ IC ¼ 3  1026 erg s21 , and particle lifetime is t ¼ Ee / E_ IC ¼ 5  103 s , t*; that is, e^ particles lose virtually all their energy before they can escape. The maximum frequency of the scattered radiation is n* ¼ 7:6  1016 Hz ¼ 0:3 keV and the luminosity of the scattered radiation is LIC ¼ E_ IC Qe ¼ 8  1047 erg s21 ; which is nearly all the energy of the relativistic particles. All of these examples seem appropriate for various types of AGNs with supermassive black holes. 3.2



Pulsars



(4) Observations of the Crab pulsar (Taylor, Manchester & Lyne 1993) demonstrate very strong rotational energy losses. Consequently, the maximum limit for the production of cosmic rays is Lcr ¼ 4:5  1038 erg s21 , with D ¼ 3 kpc, peak flux F n ¼ 120 Jy, nc ¼ 400 MHz, and pulse duration t* ¼ 1024 s, which is 0.8 per cent of the period. This means that the beaming angle is c ¼ 0:05, V ¼ pc 2 / 4 ¼ 0:002, the peak luminosity is Ls ¼ F n nc VD 2 ¼ 3  1028 erg s21 ; d* ¼ ct* ¼ 3  106 cm, f* ¼ d */ D ¼ 0:1 nas; from (14), T ¼ 1:2  1029 K; from (7), E ¼ 2  1013 erg, W ¼ Lcr t* ¼ 4:5  1034 erg; Q ¼ W/ E ¼ 2  1021 , N T ¼ Q/ ðpd 2* / 4Þ ¼ 3  108 cm22 ; from (16), N ¼ 3  1013 , Ep ¼ E/ N ¼ 0:7 erg ¼ 440 GeV; Qp ¼ QN ¼ 6  1034 ; from (17), H ’ ¼ 0:9 G or rc ¼ 1:6  109 cm, F *s ¼ F n ðD/ d *Þ2 ¼ 1:9  1018 erg cm22 s21 , E_ s ! E_ IC , E_ IC ¼ 1:3  10213 erg s21 , t ¼ Ep / E_ IC ¼ 5:5  1012 s. Thus, the protons leave the source without losses and n* ¼ 2  1011 Hz, which is in the mm range. The luminosity of this radiation is very weak, LIC ¼ E_ IC Qp ¼ 8  1021 erg s21 . (5) For a Crab pulsar model with relativistic e^ radiation with the same values of Lcr, D, Fn, nc, t*, c, V, Ls, d*, f*, T, E, W, Q, NT, and F s* as in example 4, we find a higher value for the coherency factor N ¼ 1:3  1015, the e^ energy Ee ¼ 1:6  1022 erg ¼ 10 GeV; total number of e^ Qe ¼ 2:6  1036 , H ’ ¼ 3  1027 G (too small) or rc ¼ 1:2  1014 cm, E_ s ! E_ IC , E_ IC ¼ 7:5  1024 erg s21 ; t ¼ 21 s. That is, the particles leave without strong energy losses, n* ¼ 4  1014 Hz, which is in the optical. The power of this radiation is LIC ¼ 2  1033 erg s21 , which is very near the observed value. (6) Based on observations (Taylor et al. 1993) of the nearest q 2001 RAS, MNRAS 326, 1122–1126



Active galactic nuclei and pulsars pulsar PSR 0950108 and the relativistic proton model, we can find the rotational energy losses, and also the maximum cosmic ray production Lcr ¼ 5:6  1032 erg s21 , D ¼ 120 pc, peak flux F n ¼ 9:5 Jy; nc ¼ 400 MHz, pulse duration tp , 0:01 s (which is 4 per cent of the period), c ¼ 0:26, V ¼ 0:05, Ls ¼ 2:6  1026 erg s21 , d* ¼ 3  108 cm; f* ¼ 0:2m as, T ¼ 3:6  1021 K, E ¼ 7  105 erg; W ¼ 5:6  1030 erg, Q ¼ 8  1024 , NT ¼ 1:1  108 cm22 ; N ¼ 1:1  108 , Ep ¼ 6:6  1023 erg ¼ 4 GeV, H ’ ¼ 9000 G or rc ¼ 1500 cm (too small), F *s ¼ 5:8  1010 erg cm22 s21 ; E_ p ¼ 2:5  10222 erg s21 ; that is, protons leave the source without losses, and the scattered radiation also lies in the radio ðn* ¼ 520 MHzÞ. 4



CONCLUSIONS AND PROSPECTS



The above models for the most compact emission regions in the magnetospheres of SMBHs or neutron stars demonstrate the possible existence for each class of object of two types of sources, for which the emitting particles are relativistic protons or relativistic e^. Estimates of the Doppler boosting and coherent emission factors are needed for both types of object. In the case of SMBHs, the size of the emitting region is a few or a few dozen gravitational radii, in good accordance with the variation time scales for IDV sources, from a few hours to a few days. The highest brightness temperatures inferred from observations of IDV sources are up to 1021 K. Proton models are characterized by higher brightest temperatures and correlations between radio and IR-optical variability, while e^ models predict a radio/X-ray correlation. Doppler boosting and/or coherent factors must be smaller for proton models. We expect for internal magnetosphere a very high radiation density from the accretion disc and near nuclear star cluster, making the life time of relativistic e^ very small, so that the proton model for the internal regions seems more realistic. For pulsar magnetospheres, the total size of the emission regions is a few neutron star radii, but the fine structure of this regions and corresponding brightness temperatures determine the shortest time scales for the radio pulse structure. The highest brightness temperatures inferred from observations are up to 1030 K and higher. The proton model predicts the presence of scattered radiation in the mm and submm, while, in the e^ model, the scattered radiation should be in the optical. A correlation of variability of the radio and scattered emission is expected. We also note the possibility of generating and ejecting relativistic protons with energies up to 1021 eV (near the highest observed energies for cosmic rays), or possibly even more higher (Kardashev 1995). For example 2 for the proton model of a SMBH magnetosphere and particles with Ep ¼ 1021 eV ¼ 1:6  109 erg, we find E_ IC ¼ 3:6  103 erg s21 and the life time t ¼ Ep / E_ IC ¼ 5 d; much longer than the escape time. For the pulsar proton model, relation (18) gives E_ IC ¼ 6:7  105 erg s21 and t ¼ 40 min, again much longer than the escape time. Hence, both classes of objects could be sources of the most energetic cosmic rays. In general, the models for the internal magnetospheres of rotating SMBHs and neutron stars are very similar. The main differences are the scales (mass, energy, size, evolution time); the use of the aligned rotator model for SMBHs and the tilted rotator model for pulsars; and the fact that the magnetic field is frozen in the internal part of the accretion disc for AGNs, while, in the neutron star case, the field is frozen in the star itself. For both classes, particle acceleration in the central regions can be provided by the induction mechanism, with the direction of the acceleration q 2001 RAS, MNRAS 326, 1122–1126
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and the sign of the charge of the ejected particles dependent on the angle between the magnetic and rotational momenta. In higher magnetosphere levels, these particles are joined by e^ pairs, and a collimated relativistic jet is formed by hydrodynamical processes (Begelman, Blandford & Rees 1984). In result, we can expect two types of objects for each class: one where most of the ejected energy is associated with relativistic protons and another where most is associated with relativistic e^. Apparently, the best candidates among extragalactic sources for proton-synchrotron radiation are radio IDV and gamma blazars. These objects probably correspond to the case when the orientation of the magnetic field lines and the rotational axis is near the line of sight. This geometry, with beaming of the particle motions and radiation nearly along the magnetic field lines, provides a very high intensity of radio emission and the ejection of non-relativistic gas, which also ensures transparency for the observations. The gamma emission could be supported by p0 mesons arising during collisions of relativistic and non-relativistic protons. It is interesting that, in the case of larger angles between the jet and the line of sight, the classification of extragalactic radio sources as FR-I and FR-II can be applied to the two proposed types objects. The gyroradius of the ejected particles is r ¼ E/ eH *’ , * is the magnetic field in the outer part of the jet. If E is where H ’ determined by (6) with frequency nc and the other parameters of the central source fixed, then r p / re ¼ ðmp / me Þ1:5 for synchrotron radiation or mp / me for curvature radiation by the central source. Hence, the e^ model seems to correspond better to the outer structure of FR-I sources and the proton model to the structure of FR-II sources. The best candidate for a protonsynchrotron blazar is [HB] 07161714, which shows among the strongest radio IDV (with correlated optical IDV, Quirrenbach et al. 1991), strong gamma IDV, and has extended structure similar to that of FR-II sources (Antonucci et al. 1986). The analogous approach for pulsars suggests that supernova remnants correspond to plerion-type nebulae and indicate the ejection of e^ from the neutron star. The other type of supernova remnants – classical shell nebulae with a neutron star, do not demonstrate activity of the central source, and the synchrotron radiation in this case is due to e^, which are generated by shocks in the supernova envelope. Most radio pulsars do not show evidence for an non-pulsating component, suggesting that we are probably dealing with an ejection of only relativistic protons. In conclusion, we should point out the importance of more extensive investigations of IDV radio sources, and the separation of intrinsic flux variations and interstellar scintillations via correlation of short time scale radio flux variations of AGN and pulsars with flux variations at other wavelengths where interstellar scintillations is not expected. One very important prospect is searches for super fine structures of both types of object with angular resolutions from a few tens of microarcsec up to fractions of nanoarcsec, which can probably be achieved only by space VLBI with baselines of hundreds of thousands and millions of km (Andreyanov & Kardashev 1981; Kardashev 1997). AC K N O W L E D G M E N T S I would like to express my deep gratitude to B. F. Burke, V. L. Ginzburg, D. L. Jauncey, K. I. Kellermann, B. V. Komberg, F. Pacini, V. I. Slysh and L. Woltjer for stimulating discussions, and to D. C. Gabuzda for discussion and help in preparation of this paper. This research was supported by the Russian Foundation for Basic Research (grant N99-02-17799).
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